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1. INTRODUCTION

China recognises the advantages of Modular HTGRs and has chosen Modular HTGRs as one of
advanced reactors to be developed for the further intensive utilisation of nuclear power in the next
century. In energy supply systems of the next century, HTGR is supposed to serve: 1. as supplement to
water-cooled reactors for electricity generation and 2. as environmentally friendly heat source providing
process heat at different temperatures for various applications like heavy oil recovery, coal gasification
and liquefaction, etc..

The 10 MW High Temperature Gas-cooled Reactor (HTR-10) is a major project in the energy sector of
the Chinese National High Technology Programme as the first step of development of Modular HTGRs
in China. Its main objectives are: 1. to acquire know-how in the design, construction and operation of
HTGRs, 2. to establish an irradiation and experimental facility, 3. to demonstrate the inherent safety
features of Modular HTGR, 4. to test electricity and heat co-generation and closed cycle gas turbine
technology and 5. to do research and development work on the nuclear process heat application. Now
the HTR-10 is being constructed at the site of Institute of Nuclear Energy Technology (INET).

The HTR-10 project is to be carried out in two phases. In the first phase, the reactor with an coolant
outlet temperature of 700 °C will be coupled with a steam generator providing steam for a steam turbine
cycle which works on an electricity and heat co-generation basis. In the second phase, the reactor
coolant outlet temperature is planned to be raised to 900 °C. A gas turbine cycle and a steam reformer
will be coupled to the reactor in addition to the steam turbine cycle.

2. HTR-10 DESIGN'1'

The HTR-10 design represents the features of Modular HTGR design. The reactor core and the steam
generator are housed in two steel pressure vessels which are arranged in a side-by-side way. These two
vessels are connected to each other by a connecting vessel in which the hot gas duct is designed. All
these steel pressure vessels are in touch with the cold helium of about 250 °C coming out from the
circulator which sits over the steam generator tubes in the same vessel. (Figure. 1) The HTR-10 main
design parameters are listed in Table 1.

Fuel elements used are the spherical fuel elements (6 cm in diameter) with coated particles. The reactor
core contains about 27,000 fuel elements forming a pebble bed which is 180 cm in diameter and 197 cm
in average height. Spherical fuel elements go through the reactor core in a multi-pass" pattern. Pulse
pneumatic fuel handling system is used for continually charging and discharging fuel elements. Pulse
pneumatic driving single-exit gate (or the reducer) is designed instead of mechanical one. It has the
advantage of reliability and simplify.

- 9 -



JAERI-Conf 99-006

FIG. 1 Cross Section of the HTR. Primary Circuit

Table 1 The HTR-10

Reactor thermal power

Active core volume

Average power density

Primary helium pressure

Helium inlet temperature

Helium outlet temperature

Helium mass flow rate

Fuel

U-235 enrichment of fresh fuel elements

Diameter of spherical fuel elements

Number of spherical fuel elements

Refueling mode

Average discharge burnup

Main Design

MW
m3

MW/m3

MPa
°C

°C
kg/s

%
mm

MWd/t

Parameters

10
5

2

3

250 / 300

700 / 900

4.3/3.2

UO2

17

60

27,000

multi-pass, continuously

80,000

- 1 0 -



JAERI-Conf 99-006

Graphite serves as the main material of core structures which mainly consist of the top, bottom and side
reflectors. The ceramic core structures are housed in a metallic core vessel which is supported on the
steel pressure vessel. The thickness of side reflector is 100 cm. In the side reflector, cold helium
channels are designed in which helium flows upward after entering the reactor pressure vessel from
between the connecting vessel and the hot gas duct.

Helium flow reverses at the top of reactor core into the pebble bed, so that a downward flow pattern
takes place in it. After being heated in the pebble bed, helium enters into a hot gas chamber in the
bottom reflector, and from there it flows with reactor outlet temperature through hot gas duct to the heat
exchanging components.

The steam generator is composed of a number of modular helical tubes which are arranged in a circle
between two insulation barrels inside the steam generator pressure vessel. The place inside the inner
barrel is foreseen for an intermediate heat exchanger (IHX) which is to be installed in the second phase
of the project. IHX is helical tube type. Nitrogen flows inside the tube while helium flows outside the
tube.

Decay heat removal of the HTR-10 is designed on a completely passive basis. At a loss of pressure
accident, against which no core cooling is foreseen at all, decay power will dissipate through the core
structures by means of heat conduction and radiation to the outside of the reactor pressure vessel,
where, on the wall of the concrete housing, a surface cooling system is designed. This system works on
the principle of natural circulation of water and it takes the decay heat via air coolers to the atmosphere.
In fact, this surface cooling system is designed to protect the vessel and concrete structures more than
the ceramic reactor core from being overheated by decay power.

There are two reactor shutdown systems, one control rod system and another small absorber ball
system. They are all designed in the side reflector. Both systems are able to bring the reactor to cold
shutdown conditions. Since the reactor has strong negative temperature coefficients and decay heat
removal does not require any circulation of the helium coolant, the turn-off of the helium circulator can
also shut down the reactor from power operating conditions.

3. PROGRESS OF THE HTR-10 PROJECT

INET compiled the Environmental Impact Report (EIR) of the HTR-10 and submitted it to the National
Environmental Protection Administration (NEPA) in the mid of 1992, the report was reviewed by an
expert committee, then the NEPA approved the EIR of the HTR-10 in November 1992. It is one of the
necessary basis for the application of the reactor site.

The Siting and Seismic Report (SSR) of the HTR-10 was submitted to the National Nuclear Safety
Administration (NNSA). After examination the reactor site was approved in December 1992.

The Preliminary Safety Analysis Report (PSAR) was completed and submitted to the NNSA for the
application of the construction permission in December 1993. The activities of the licensing procedure
lasted for one year. The NNSA formally issued the construction permission of the HTR-10 in December
1994.

The first tank of concrete was poured in 14. June 1995. The construction of reactor building was
reached to its top in November 1997. The height of reactor building above ground is 28.3 m, its height
below ground is 15 m.
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Main components, such as the reactor pressure vessel, the steam generator, the reactor internal
structure, etc., were manufactured in Shanghai factories. The installation of systems and components is
being carried out now. The HTR-10 project is expected to be critical in 2000.

4. SUPPORTING RESEARCH AND DEVELOPMENT

In the HTR-10 design some modifications from the HTR-Module were made to meet Chinese
conditions. For example, the steam generator is composed of a number of modular helical tubes with
small diameter, pulse pneumatic fuel handling system is used for charging and discharging fuel elements
as well as step motor driving control rods are designed. It is necessary to do engineering experiments to
prove these new or modified idea. Therefore a program of engineering experiments for HTR-10 key
technologies was conducted in INET.

4.1 Performance test of the hot gas duct

The performance test of the hot gas duct was carried out at the helium test loop (HETL). The detailed
description of the HETL can be found in references(2). The hot gas duct test section with a triple tube
structure includes an inner electrical heater, a hot gas duct model and a cold-hot helium gas static mixer.
The schematic structure of the hot gas duct test section is shown in Fig. 2.

1. inlel for cold helium (60~ 100"C) 2. cold-hot helium gas mixer 3. insulaler 4. HGD model 5. pressure vessel

6. electric heater 7. outlet 8. electrode penetration assembly 9. inlet for median temperature helium

Hot Gas Duct Test Section

FIG. 2 Schematic Structure of the Hot Gas Duct Test Section

The flow rate, the temperature, the pressure and the differential pressure are measured. At the cross
sections of 610 mm far from two ends of the hot gas duct test section, 16 thermocouples are installed for
measuring the temperature of helium gas, the liner tube, the insulation layer and the outer tube. The
temperature of helium gas at the inlet and outlet of the inner heater as well as helium gas in the annular
passage and the pressure tube is also measured by thermocouples.

The effective thermal conductivity of insulation layer was measured. A relationship between the
effective thermal conductivity and the average temperature of the insulation layer at helium pressure of
3.0, 2.5 and 1.5 MPa is shown in Fig 3. The empirical equation of the effective thermal conductivity
were obtained as follows:

Keff=0.3468+0.0003T(°C) W/m/°C

Where T is the average temperature of the insulation layer.
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FIG. 3 Relation Between X ̂  and Average temperature of Insulation

The measured effective thermal conductivity are 1.5 ~ 2 times as large as the thermal conductivity of
helium gas at the same condition of temperature and pressure.

The hot gas duct test section was operated for 258 hours at the temperature of over 700 °C and the
pressure of 3.0 MPa, as well as for 98 hours at the temperature of 900 °C and the pressure of 3.0 MPa,
and was borne over 18 times temperature cycle between 300 and 900 °C, and 28 times pressure cycle
between atmospheric pressure and 3.0 MPa. No any deterioration of thermal performance was detected.

4.2 Performance test of the pulse pneumatic fuel handling system

In order to avoid operating difficulty with mechanical single-exit gate a pulse pneumatic fuel handling
system has been developed. Its features are characterised by pulse pneumatic driving single-exit gate,
gas tight magnetic driving and electro-induction balls counters.

The test at room temperature was carried out. Its main aim is to prove its design concept for fuel
discharging. More than 100,000 balls were discharged by pulse pneumatic discharging way.

Full scale apparatus for test of whole fuel handling system and its components at helium temperature of
150-180 °C and low pressure was installed. The schematic of full scale apparatus is shown in Fig. 4.
Main components in this apparatus are prototype ones. It consists of the discharge tube, a reducer, a
failed ball separator, an elevator, graphite ball detectors, pressure reducing valves, adjusting valves,
heaters and so on. Its helium auxiliary system consists of the helium compressor, helium storage tanks,
air coolers, filters and vacuum pumps etc..

The test at temperature of 150-180 °C and helium pressure of 0.5 MPa was done. The result shows that
the spherical ball can be smoothly dropped out from core without any broke up. More than 35,000 balls
were discharged by pulse pneumatic discharging way. Whole system was successfully operated.

4.3 Test of the control rods driving apparatus®

The performance of the control rod at operating temperature and helium atmosphere of low pressure
will be tested at a full scaling apparatus. The schematic of the control rods driving apparatus is shown
in Fig. 5. It consists of a step motor, a gearbox, a chain-chain wheel, a speed restriction, a rod position
indictor, the control rod and the housing. Following test was done by with this apparatus: control rod
movement, maximum fall speed of the control rod, indictor performance and life time.
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1. Pressure reducing valve
5. L. P. tank
9. Buffer

13. Large funnel
17. Fragments tank
21. Water tank

2. H. P. tank
6. Drying cylinder

10. Discharging tube
14. Small funnel
18. Elevator
22. Pump
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3. Check valve
7. Air cooler

11. Tank
15. Pulse gas storage
19. Reducer
23. Regulating valve

4. Compressors
8. Filter

12. Fender
16. Separator
20. Vacuum pump

FIG. 4 Schematic of the Fuel Handling System Apparatus

1. Vacuum pump
4. Voltage regulator
7. Insulation

10. Synchronometer
13. Control board

2. Helium cylinder
5. Transformer
8. Control rod

11. Insulation
14. Temperature controller

3. Temperature controller
6. Insulation
9. Step motor

12. Heater
15. Eddy heater

FIG. 5 Schematic of Control Rods Driving System
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4.4 Two phase flow stability test for the once-through steam generator(4)

The main purposes of the two phase flow engineering test facility are: to study on the flow stability of
the HTR-10 steam generator at operational conditions and to determine maximum throat diameter of the
throttle, to study the flow resistance on the water side and the average heat transfer coefficient on the
helium side of the steam generator with small curvature radius of the helical tube.

The test section is shown in Fig. 6. In the test section helium transfers its heat to the primary loop water
as it does in the HTR-10 steam generator.

MIL 3)1

|]"-HP-TO'ii life

1.
4.
7.

Electrode
Vessel
Water inlet

2.
5.
8,

Helium inlet
Tubeplate
Helium outlet

3.
6.
9.

Heater
Steam generator unit
Steam outlet

FIG. 6 Schematic structure of the test section

Experimental result shows that the flow at 30 % of total power for the HTR-10 steam generator can be
stable at the outlet steam pressure range of 2.5-4.0 MPa and the inlet water temperature range of 75-
180°C.

5. CONCLUSION

The high temperature gas-cooled reactor has been chosen as an advanced reactor type to be developed in
China. As the first major step, a 10MW test reactor project has been launched and the reactor is now
under construction and expected to become critical in the year 2000. The supporting research and
development program has helped to verify the system and component designs of the HTR-10. When the
reactor is erected, it will be operated and experimented to study the performance of systems,
components and the plant as a whole. Safety experiments will be conducted to demonstrate the inherent
safety features of the modular HTGR design.
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