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The worldwide interests in the HTGR (High Temperature Gas-cooled Reactor) have been
growing because the high temperature heat produced by the reactor can be utilized not only for
efficient power generation but also for broad process heat applications, especially for
thermo-chemical hydrogen production to fuel a prospective hydrogen economy in future.
‘Presently only two HTGR reactors are operational in the world, including the HTTR (High
Temperature Engineering Test Reactor) in Japan Atomic Energy Agency (JAEA) and the
HTR-10 in the Institute of Nuclear and New Energy Technology (INET) of Tsinghua University
in China. JAEA and INET have cooperated since 1986 in the field of HTGR development,
particularly on the HTTR and HTR-10 projects. This report describes the cooperation with
emphasis on HTGR operation and maintenance techniques between JAEA and INET and

outlines cooperation activities during the fiscal year 2005.
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1. Introduction

The worldwide interests in the HTGR (High Temperature Gas-cooled Reactor) have been
growing because the high temperature heat produced by the reactor can be utilized not only for
efficient power generation but also for broad process heat applications, especially for
thermo-chemical hydrogen production to fuel a prospective hydrogen economy in future.
National projects on HTGRs are ongoing in Japan, China, France, USA, South Africa, Korea,
etc., and the VHTR (Very High-Temperature Reactor) is chosen as the most promising
Generation IV nuclear reactor system in GIF (Generation IV International Forum). There are
presently only two HTGRs operating in the world, HTTR, High Temperature Engineering Test
Reactor, in JAEA (see Table 1.1 and Fig. 1.1) and HTR-10 in Institute of Nuclear and New
Energy Technology of Tsinghua University (INET) (see Table 1.2 and Fig. 1.2).

Construction of the HTTR was started in 1991 and its first criticality was achieved on
November 10, 1998. Then, power-up tests were carried out, and rated thermal power of 30MW
at the reactor outlet coolant temperature of 850°C was attained in December 2001. Rated power
operation and safety demonstration tests using the HTTR have been conducted since FY2002.
After several operational cycles, high temperature test operation of the HTTR to achieve the
coolant temperature of 950°C was conducted, and coolant temperature of 950°C at reactor outlet
was reached on April 14, 2004.

First criticality of the HTR-10 was achieved at air condition on December 1, 2000, and
re-criticality at helium condition was attained in July 2002. Then, power-up tests were
cohducted, and the first synchronization at SMWt was achieved in January 2003, followed by
full power operation at 10MWt with core outlet He temperature of 700°C in February 2003.
Safety demonstration tests including helium circulator trip without scram and reactivity
insertion without scram were carried out in 2003 and 2004.

INET is also promoting development of Modular High-Temperature Gas-cooled Reactor
(MHTGR) named as High Temperature Gas-Cooled Reactor — Pebble bed Module (HTR-PM)
(see Table 1.2 and Fig. 1.2), based on the technology and experiences of the HTR-10. The
HTR-PM project is under the standard design phase, and the HTR-PM demonstration plant is
planned to finish construction in 2010.

JAEA and INET have cooperated in the area of HTGR development, espeéially on HTTR and
HTR-10 projects, since 1986 when a Memorandum of Understanding was exchanged between the
two institutes. This report describes cooperation on HTGR development between JAEA and INET
and major cooperatioﬂ activities in fiscal year 2005 from April 2005 through March 2006.
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Table 1.1 Major specifications of HTTR

Thermal power

QOutlet coolant temperature
Inlet coolant temperature
Fuel ’

Fuel element type
Direction of coolant flow
Pressure vessel

Number of cooling loop
Heat removal

Primary coolant pressure
Containment type

Plant lifetime

30MW
850°C/950°C
395°C

Low enriched UQO;
Prismatic block
Downward

Steel

1

IHX and PPWC (parallel loaded)
4MPa

Steel containment
20 years
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2. Cooperation on HTGR Development between JAEA and INET

2.1 History of Cooperation ‘

Vice chairman of Atomic Energy Commission of Japan, was requested for collaboration
between China and Japan in the area of HTGR research and development during his visit to
China in June 1985. ,

In September 1985, Director of Institute of Nuclear Energy Technology of Tsinghua
University (INET) visited HTGR research and development facilities in Japan Atomic Energy
Research Institute (JAERI), and discussed exchange of a Memorandum of Understanding
(MOU) about cooperation on HTGR research and development.

In December 1985, A JAERI delegation visited INET and discussed exchange of a MOU.

In June 1986, JAERI and INET exchanged the initial MOU.

In June 1988, valid duration of the MOU was extended until June 1990.

In June 1990, the MOU was further extended until June 1995. In addition, Personnel
Assignment Agreement was added to the memorandum of understanding,.

In June 1995, valid duration of the MOU was extended until June 2000.

In June 2000, the MOU was further extended until June 2005.

In September 2003, Institute of Nuclear Energy Technology of Tsinghua University (INET)
changed its full official name to Institute of Nuclear and New Energy Technology of Tsinghua
University (INET) to further broaden academic disciplines of the institute.

In June 2005, valid duration of the MOU was once again extended until June 2010.

In October 2005, JAERI and Japan Nuclear Cycle Development Institute (JNC) merged to
form Japan Atomic Energy Agency (JAEA).

Since June 1986 until today, information exchange meetings have been held almost every
year as shown in Table 2.1, and general information exchange on research and development
plan on HTTR and HTR-10 as well as on technologies in the area of HTGRs has been made.

Since the HTR-10 is the only pebble bed type HTGR and the HITR the only prismatic block
type HTGR being operated in the world at present, the information exchange has been
beneficial for both JAEA and INET.

Since 1990 when the Personnel Assignment Agreement was added, JAEA has accepted

researchers from INET in the field of HTGR safety, nuclear heat utilization, etc.

2.2 Area of Cooperation
The original MOU exchanged in 1986 stipulated the area of cooperation as follows. INET
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and JAEA will provide to each other program status and techﬁical outline information such as is
generally available at each of their respective facilities relating to their respective programs for
research and development of Gas-cooled Reactors. Each party will review the information
provided by the other’s programs as a basis for discussions on a future agreement. The subject
matter of the information to be exchanged shall include, but not be limited to, the followings:

A)  The High-Temperature Gas-cooled Reactor (HTGR), for process heat and

cogeneration, including both fuel technology and plant technology.

B) The Very-High Temperature Gas-cooled Reactor (VHTR), for process heat, inclﬁding

both fuel technology and plant technology.
(Note: The Very-High Temperature Gas-cooled Reactor (VHTR) here is similar to
but not the same as the VHTR selected as a Generation IV nuclear system.)

In 1990, the MOU was amended by inserting that each party may assign its personnel into
the facility of the other in accordance with the Personnel Assignment Agreement, and that for
the purpose of carrying out the cooperative activities under the MOU, both parties ma&
exchange samples when agreed by both of them. The MOU in 1990 also added a new
paragraph: Each party shall make available, at least once a year to the other party reports written

in English which have been published by each party.

2.3 Status of HTTR in 2005

The HTTR was started up on February 14 for periodic inspection (full power operation) and
safety demonstration tests, but the reactor scrammed on February 19 at thermal power of 9 MWt
by operational error. Then, a failure of reserved shutdown system was encountered on February
21 during routine check. Countermeasﬁres to prevent the operational error were taken, and the
failed drive motor for the reserved shutdown system was replaced.

On - August 30, the HTTR was restarted for periodic inspection and safety demonstraﬁon
tests, but the reactor scrammed on September 11 in response to a loss of off-site electric power
caused by thunder. On September 14, one wide range monitoring detector out of three failed,
and JAEA decided to replace all three wide range monitoring detectors of the nuclear
instrumentation system. Also, overhaul of control rod system and reserved shutdown system has

been started.

2.4 Status of HTR-10 in 2005

In the year of 2005, INET continued conducting inherent safety test and longtime
operation test on HTR-10. After successfully carrying out the experiment of ATWS on
accidental control rod withdrawal in 2004, INET completed the experiments of ATWS on
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helium circulator stopping at thermal power of 3MW and 10MW), respectively. On July 7, 2005,
the power 6f helium circulator was shut off. With the stop of the helium circulator, the reactor
power reduced until the reactor automatically shut down as shown in Fig. 2.1. None of the
parameters exceeded the operation set limits, despite that all the control rods were locked in the
previous positions. “

After completion of» the scheduled safety tests, HTR-10 was put into a long-term
continuous power operation, during which, the functional operating characteristics of its
systems and key facilities were tested and verified. HTR-10’s running days amounted to 148
days (see Fig. 2.2). Systems and facilities logged with good operating records during the
long-term and continuous run. In the process of the operating tests, the performances of some
key systems and facilities of HTR-10, such as control rod system, absorption ball system,
helium circulator, and steam generator were tested and then inspected following tests in actual
operating conditions of high temperature, high pressure, irradiation, etc. All the performances
proved consistent with the design specifications.

Examination was conducted on the fuel element charging & discharging system.
Knowledge was gained about how the fuel elements and gréphite balls flow in the tube at
different temperature, pressure and burnup, based on which optimal working mode and control
of the charging & discharging system were proposed. Further studies were initiated to find out
how the key equipments worked, how the efficiency varied in the helium purification system.
Thanks to the improvements on the systems resulting from these studies, the function and
performance of the purification system can better meet the design requirements (see Table 2.2).

Achievements have been made in the research and development of the direct cycle helium
turbine for electricity generation. The overall design, the integrity arrangement of turbine, gear
box and generator, has been adopted. Progresses were made in the design and R&D of key

components. The reactor safety analysis has been started.
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Table 2.1 Number of people visiting INET from JAEA and JAEA from INET

for the purpose of exchanging information

Year ~ Number of people ~ Number of people
visiting INET from JAEA visiting JAEA from INET
1986 2 0
1987 2 0
1988 1 5
1989 0 1
1990 1 3
1991 3 0
1992 5 5
1993 1 4
1994 3 ]
1995 o 5
1996 1 4
1997 2 5
1998 4 .
1999 0 3
2000 3 5
2001 0 >
2002 1 5
2003 1 3
2004 2 5
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Table 2.2 Helium quality in different power

(vol ppm)

Time Power H, 0, N, CH,4 CO CO, H,O
05-1-3 35MW | 10.22 0.32 1.13 0.52 6.32 1.91 0.61
05-1-9 10MW | 12.56 0.41 1.13 0.81 7.44 2.57 0.70
05-3-7 3.IMW | 2.69 0.37 1.91 0.25 1.70 0.61 1.17
05-3-24 7.8MW | 8.30 0.29 1.75 0.59 5.93 1.75 0.67
05-4-17 6.6MW | 7.50 0.42 1.09 0.52 4.53 1.19 0.49
05-11-10 | 3.2MW | 2.68 0.06 0.39 0.26 1.86 0.72 0.99
05-11-23 | 6.6MW | 3.62 0.27 0.41 031 2.67 0.93 0.30
05-12-19 | 7.0MW | 3.49 0.07 0.54 0.33 2.34 0.82 0.07
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Fig. 2.1 Power fluctuation in ATWS experiment by stopping the helium blower
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3. Major Cooperation Activities in 2005

3.1 Information Exchange Meeting

An information exchange meeting between JAEA and INET under the MOU was held in
INET on August 23 and 24, 2005. An engineer of Department of HTTR, JAEA, and two
prbfeésors and researchers of INET attended the meeting.

In the meeting, JAEA presented operation and maintenance technology of HTTR such as
control of impurities in the primary cooling system, replacement of filters for heliurﬁ gas
circulators, and overhaul of control rod drive mechanism. INET presented status of HTR-10
project, and operational experiences of HTR-10. In addition, JAEA and INET exchanged
information on operation and maintenance experiences such as impurities in coolant, helium
leak rate of primary cooling system, and filters in cooling system.

Presentation material of JAEA in the meeting is attached in Appendix.

3.2 Mutual Visits between JAEA and INET

On May 16, prior to the occasion of the 13™ International Conference on Nuclear
Engineering (ICONE 13) held in Beijing, China, a researcher of Department of Advanced
Nuclear Heat Technology, visited INET and had discussions with two professors of INET on
HTGR and hydrogen production technologies.

On August 12, after the 18" International Conference on Structural Mechanics in Reactor
Technology (SmiRT-18) held in Beijing, China, three researchers of JAEA had discussions with
three professors and three researchers of INET on HTGR technologies.

A professor and a researcher visited JAEA on October 5 to 7 during the Third Information
Exchange Meeting on the Nuclear Production of Hydrogen including Second HTTR Workshop,
and had discussions with Director of Department of HTTR, JAEA on future collaboration

between INET and JAEA.
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4. Concluding Remarks

This report summarized cooperation on HTGR development between JAEA and INET and
major cooperation activities in 2005. An information exchange meeting was held in INET in
August, and several mutual visits were made in 2005. Enhancing future collaboration between
JAEA and INET is important, and continuous information exchange on HTGR-related

technologies proved to be beneficial for the both institutes.
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The opening between the reactor building and the air cooler
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2004/4/19 Data  (ppm)

° Reactorllet ~ ResctorOutlet * PWGOulet © PWGG/COutit + MXG/COutlet ¢ Reactor Outiet Temperautre
0.08 051 047 048 049 949
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20045 . |
Moisture in the primary cooling system

lmburity concentration of the primary coolant

Impurity concentration (ppm)

reactor outlet coolant temp. : 950°C
primary coolant pressure :3.96MPa @ 2004/4/19
H, CO | H,O | CO, | CH, N, O,

0.21 [1.32 |0.08 |0.19 |0.01 |0.15 |0.03

(3.0) [(3.0) [(0.2)|(0.6) (0. B5) |(0.2) |(0.04)

( ):impurity limit (above 700°C of outlet coolant temperature)
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(@ ;M; 0}
Controt rod
Q\ handiing £ |
Reactor contaiment vesse! | maching,

Refuetling hatch

Spent fuel storage pool

JAERI

Stand pipe closure

Drive motor

Electromagnetic clutc

Neuntron absorber section

Control rod guide tube
and sleeve

Inspection of control rod drive mechanism
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Inspection of control rod in maintenance pit
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