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Abstract

The HTR-10 is a 10 MWth pebble bed high temperature gas cooled reactor being
constructed as a research facility at the Institute of Nuclear Energy Technology. This paper
discusses design issues of the HTR-10 which are related to safety. It addresses the safety criteria
used in the development and assessment of the design, the safety important systems, and the safety
classification of components. It also summarises the results of safety analysis, including the
approach used for the radioactive source term, as well as the approach to containment design.

1. Introduction

The paper discusses some design issues of the HTR-10 test reactor which are related to
safety. The design of the HTR-10 reactor represents the design features of the modular
HTGR design which is mostly characterized by inherent safety features. The safety
design philosophy deviates very much from the traditional approach which relies on
highly reliable redundant and diversified active components and systems as well as
their power supply. How much credit is given to the new safety design approach which
is based on inherent safety .philosophy affects the plant economy balance very much.
The HTR-10 test reactor should serve as a test facility to demonstrate the inherent
safety features of the modular reactor design and to help win the credit from regulatory
bodies, utilities and the public.

2. Safety Design Criteria

In the current nuclear culture, the issue of design criteria is almost always the first
encountered issue when one starts to design a nuclear reactor, especially when the
safety design is concerned, but up to now there exist in China not enough nuclear
standards, codes and guides specifically compiled for high temperature gas cooled
reactors which are directly applicable to the HTR-10 reactor. Of course there are
general standards which specify the limits on off-site doses and radioactive release rate
into the atmosphere as well as doses for the operating staff, and other general standards
for the design of nuclear power plants, but these standards serve only as the top-level
standards to follow. For the concrete design of the HTR-10 reactor and its systems,
specific design criteria are needed. Before the basic design of the HTR-10 reactor, the
design engineers had firstly compiled the Design Criteria for the 10MW High
Temperature Gas-cooled Test Reactor and had it reviewed by the licensing authority.
This document contains chapters for the specific systems of the test reactor. It is based
on making reference to international and national nuclear standards or regulations, and
to a large extent on the experience of the concept design work. This document mainly
deals with the requirement on system designs. Therefore, it outlines the configuration
and design of those nuclear safety important systems for the HTR-10. As far as the
design, manufacture as well as installation of safety class components, specific codes
have to be chosen to follow, mostly the ASME code.
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In the current situation when the worldwide gas-cooled reactor community seeks much
cooperation, it is probably a worthwhile area to study on the design criteria for modular
high temperature gas-cooled reactors by internationally cooperative efforts.

3. Safety Important Systems

Safety important systems are those which perform such safety functions as reactor
shutdown, decay heat removal and radioactivity release limitation. For the HTR-10
reactor, safety important systems are primarily the following:

• Reactor protection system and its related instrumentations and power supplies
• Reactor shutdown systems (the control rod system and the small-absorber-ball

system)
• Decay heat removal system
• Primary coolant pressure boundary and its pressure relief system

Proper definition of the safety functions and proper configuration of the safety
important systems, which take proper credit for the inherent safety features of the
modular reactor design, are a key issue in terms of maintaining enough nuclear safety
and cost effectiveness.

4. Safety Classification

Safety classification with related Quality Assurance classification and seismic
categorization of components is another important issue in maintaining safety and cost
effectiveness. High quality, nuclear classified components are of course always good,
but it has to be made clear whether the nuclear quality requirement is necessary from
the viewpoint of safety or of operational reliability. For the HTR-10 test reactor, safety
classifications of components departures from the way as it is done for water cooled
power reactors in China. For example, primary pressure boundary is defined to the first
isolation valve. Steam generator tubes are classified as Safety Class II component.
Diesel generators are not required to be as highly qualified as those used for large water
cooled power reactors, since no systems or components with large power demand
would require an immediate start of the diesel engines at a plant black-out accident. So,
some credit is given to the inherent safety features of the test reactor. It is worthy to
study carefully the issue of component safety classification of the modular HTGR
design.

5. Accident analysis

As usual, design basis accidents (DBA) are classified into several categories for the
HTR-10. These categories are:

• Increase of heat removal capacity in primary circuit
• Decrease of heat removal capacity in primary circuit
• Decrease of primary flow rate
• Abnormality of reactivity and power distribution
• Rupture of primary pressure boundary tubes
• Anticipated transients without scram (ATWS)
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The reactor is designed against these accidents. The analysis of these accidents is done
with conservatism. The analysis results show excellent safe response of the reactor to
accidental events. Within the framework of DBA, no accident would lead to relevant
release of fission products from the fuel elements.

The issue of severe accidents has to be addressed. A number of postulated accidents are
selected to be analyzed. These postulated events mainly include:

• Simultaneous withdrawal of all control rods at power operation and at reactor start-
up

• Long-term failure of the decay heat removal system
• Failure of the helium circulator shut-down
• Simultaneous rupture of all steam generator tubes
• Rupture of the connecting vessel and the hot gas duct

The definition, choice and analysis of severe accidents are one important aspect during
licensing. These accidents are chosen as severe accidents of HTR-10 based on
conversations with the licensing people and on the reference to practices in Germany
and USA. It is important to address the severe accident issue in order to win credit for
the inherent safety, but reasonableness and justification in the choice and analysis of
severe accidents need to be handled carefully. For the HTR-10 reactor, as long as the
reactor protection system works, most of the above accidents lead to no damages to the
fuel elements. The rupture of the connecting vessel and the hot gas duct is probably the
most severe one which does lead to some damages to the fuel elements but impermitted
release of radioactivity into the environment is not expected. One has to block, within a
relatively long time scale, say a few days, the rupture area in order to prevent air from
continuously entering into the reactor core.

6. Source term

A mechanistic approach is adopted for determining the radioactive source term. Severe
core damages are not arbitrarily postulated at siting evaluation, as it is done for large
water cooled power reactors. The release of radioactivity is calculated specifically for
those individual demanding accidents which lead to the most release of radioactive
nuclides from the fuel elements. The calculational results serve as the basis for off-site
dose evaluation. This mechanistic approach is taken primarily based on the safety
features, but it is directly related to the quality of the fuel elements and to the
knowledge of fission product release behavior during normal operation and accidental
conditions. The HTR-10 reactor shall serve as a test bed for fuel elements and as a
facility to study the fission product behavior.

7. Containment design

For the HTR-10 test reactor, no pressure-containing and leak-tight containment is
designed. The concrete compartments, which house the reactor and the steam generator
as well as other parts of the primary pressure boundary and which are preferably
regarded as confinement, together with the accident ventilation system, serve as the last
barrier to the radioactivity release into the environment (see Figure 1). During normal
operation, the confinement is ventilated to be kept sub-atmospheric. When the integrity
of the primary pressure boundary is lost, the primary helium coolant is allowed to be
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released into the environment without filtering because of its low radioactivity content.
Afterwards the confinement is ventilated again, gases in it will be filtered before they
reach the environment.
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Figure 1 Schematic Diagram of the HTR-10 Confinement Design

8. Summary

Safety is the underlying feature of the modular HTGR design. The HTR-10 test reactor
is a test module for demonstrating the safety features of the modular HTGR design. The
reference value of the HTR40 reactor safety design to modular HTGR of commercial
size is a worthwhile issue to be evaluated in the future along with the operational
experience of the test reactor.
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