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Résumé

Le Système Énergétique SLOWPOKE (SES-10) est un réacteur de chauffage de
10 MW réalisé au Canada. Il peut fonctionner sans la présence continue
d'un opérateur autorisé et être implanté dans des zones urbaines. Il a des
caractéristiques de sûreté indulgentes dont des échelles de temps
transitoires de l'ordre d'heures. On a développé, au Canada, un procédé
appelé autorisation de construire "d'avance" pour identifier et résoudre
les questions réglementaires au début du processus. Du fait du marché
possible, en Hongrie, pour le chauffage nucléaire urbain, on a établi un
plan d'autorisation de construire qui comporte l'expérience canadienne en
autorisation de construire, identifie les besoins particuliers de la
Hongrie et réduit le risque de retard d'autorisation de construire en
cherchant l'accord de toutes les parties au début du programme.
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Abstract

The SLOWPOKE Energy System (SES-1O) is a 10 MW heating reactor that has
been developed in Canada. It will be capable of running without a licensed
operator in continuous attendance, and will be sited in urban areas. It
has forgiving safety characteristics, including transient time-scales of
the order of hours. A process called "up-front" licensing has been evolved
in Canada to identify, and resolve, regulatory concerns early in the
process. Because of the potential market in Hungary for nuclear district
heating, a licensing plan has been developed that incorporates Canadian
licensing experience, identifies specific Hungarian requirements, and
reduces the risk of licensing delays by seeking agreement of all parties at
an early stage in the program.
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1. INTRODUCTION

The SLOWPOKE Energy System is a 10 MW reactor designed by Atomic Energy of
Canada Limited (AECL). It is intended for commercial space-heating
applications in institutions and industries, and for municipal district
heating systems. A prototype, the SLOWPOKE Demonstration Reactor, is now
undergoing high-power tests at the Whiteshell Nuclear Researcii
Establishment in Manitoba.

The first commercial SES-10 will be located in Canada. In addition, there
is a large potential market overseas, particularly in Eastern Europe, for
SES-10 systems. An appropriate grouping of Canadian and Hungarian
companies is studying the technical, economic and commercial aspects of
this potential market [1, 2].

Because the reactor has unique safety characteristics, and is a novel
application in both Canada and Hungary, nuclear licensing in both countries
is of considerable interest. AECL is responsible for obtaining a Canadian
licence from the Atomic Energy Control Board; one of the Hungarian
partners, EROTERV, is developing a plan to obtain a Hungarian licence from
the State Inspectorate for Energetics (AEEF).

The licensing mission in Canada is to obtain the licence for the first
SES-10 with:

minimum impact on project schedule and cost,
maximum applicability to repeat plants, and
maximum applicability of the licensing process to support off-shore
licensing activities.

From the Hungarian point-of-view, the goals are to have a reactor which is
licensable in Canada, and which also meets relevant Hungarian requirements.

The dynamics of both these processes is the subject of this paper.

2. THE SLOWPOKE ENERGY SYSTEM REACTOR

The SLOWPOKE reactor family consists of the 20 kW SL0WP0KE-2 research
reactor, the 2 MW SLOWPOKE Demonstration Reactor and the 10 MW SLOWPOKE
Energy System heating reactor. They are all atmospheric-pressure, pool
reactors with natural circulation, designed to allow operation without a
licensed operator in continuous attendance.
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Currently there are eight SLOWPOKE-2 reactors operating worldwide, which
are used for teaching, research, and neutron activation analysis. Because
their power is so low, they need no engineered means of heat removal. And
because of their inherent safety characteristics, they are licensed for up
to 24 hours of unattended, remotely-monitored operation.

The SLOWPOKE Demonstration Reactor [3] is now providing important physics
and thermalhydraulics information that is used to validate the methods and
computer codes used to design and analyze SES-1O; as well, it is giving
valuable operating experience.

Like the SLOWPOKE Demonstration Reactor, SES-1O consists of a vertical core
near the bottom of a large pool, cooled by natural circulation (Figure 1) [4],
The hot water leaving the reactor is directed up a riser duct and into two
parallel in-pool heat exchangers, which remove the heat to a closed-loop,
forced-flow, low-pressure secondary cooling system. A third heat exchanger
transfers heat from the secondary cooling system to the heat distribution
system that SES-1O serves.

SLOWPOKE ENERGY SYSTEM

FIGURE 1: Schematic Diagram of the SLOWPOKE Energy System
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3. THE CANADIAN LICENSING PROCESS

3.1 Safety Characteristics of SES-1O

Because it makes economic sense for a small heating reactor to be located
near its load, SES-1O must be designed to be sited in urban areas. Thus it
has a number of inherent and passive safety features appropriate to this use,
namely:

negative reactivity coefficients of fuel temperature, coolant
temperature, and coolant void, so that the effect of an inadvertent
positive reactivity insertion is mitigated,

limited amounts of excess reactivity available to the reactor control
system,

natural convective heat removal at all operating powers as well as when
the reactor is shutdown,

a large passive heat sink (the 350 000 litre pool) available for
emergency, long-term heat removal,

upward flow through the core and low flow velocities, making flow
blockage highly unlikely,

low fuel ratings and hence low operating fuel temperatures, resulting in
negligible free fission products in the fuel,

a double-walled container for the pool water, so that failure of the
inner steel tank does not lead to core uncovering,

a large pool of water which retains any soluble fission products released
accidentally from the core, which is about 10 m below the pool surface,
and

very slow rates of reactivity control, of the order of a few mk/h, so
that the typical time scale of abnormal events is tens of minutes to
several hours.

In terms of engineered features, the only relevant safety systems are for
shutdown, since decay heat can be absorbed passively by the pool for extended
periods of time. The SLOWPOKE Energy System has two diverse shutdown
systems, either of which can shut the reactor down by itself. These are
physically and logically separated so that an impairment of one would not
impact on the other. These systems are designed to terminate a power/load
mismatch with no systematic damage to the reactor fuel.
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The economics of a 10 MW heat source require that the reactor run without a
skilled operator in continuous attendance; thus it is designed so that
skilled operator action is not needed for 24 hours after an abnormal event,
and of course neither off-site power nor diesel-generated on-site power is
required for safety.

3.2 The Canadian Early Licensing Process

It is important that the SES-10 is licensable in Canada as the country of
origin. It is just as important that the licensing process is managed so as
tc reduce the risk to the owner of unexpected licensing delays once construc-
tion has started, and to reduce the risk to the regulator of having to
evaluate new information late in the licensing process. The Atomic Energy
Control Board has recognized this need in Canadian licensing process [5].

A further development of this process, an approach called "up-front
licensing", has been evolved in Canada to reduce the risk of surprises on
both sides [6, 7], It was applied in the conceptual licensing of the CANDU
600 MW nuclear generating station (Lepreau II), which was proposed for the
Province of New Brunswick a few years ago, and is currently incorporated in
the licensing plan for a CANDU 450 MU nuclear generating station.

At the start of construction, up-front licensing allows the licensee to
minimize the risk of late changes or delays by:

developing the basic safety and licensing principles,
agreeing on these fundamentals with the Atomic Energy Control Board,
familiarizing them with the design, and
agreeing with them on comprehensive groundrules for detailed design,
operating philosophy, and safety analysis.

Specifically, the steps are:

(a) before site approval, obtain preliminary feedback from Atomic Energy
Control Board staff on the conceptual design and on the licensing process
in time to order "long-lead" equipment items,

(b) obtain agreement with Atomic Energy Control Board staff on the conceptual
design, and on comprehensive groundrules for the detailed design,
operating concepts and safety analysis so that safety issues are resolved
by the time of the construction licence, and are reviewed for compliance
during construction, and

(c) obtain an operating licence by the time the plant is ready to achieve
first criticality.

One of the vehicles for this early licensing process is the production of a
"live" Licensing Basis Document, which records both the agreements with the
Atomic Energy Control Board and any outstanding issues.
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3.3 The Licensing Basis Document

This document lists the comprehensive licensing and safety requirements for
the design, procurement, manufacturing, construction, commissioning,
operations and decommissioning of the SES-1O project. It performs two
functions:

(a) it forms part of the formal licensing process of the project with
the Atomic Energy Control Board, and

(b) it communicates to people working on the project, at every stage,
what the licensing and safety requirements are and where more
detailed guidance can be found.

The hierarchy of "• Jcensing-related documents is shown in Figure 2. Federal
and provincial requirements are shown at the top. These are embodied in the
Licensing Plan, which defines the overall licensing process for the project,
and in the Licensing Basis Document, which defines the project licensing
requirements. These in turn provide the framework for the lower-tier
documents that set more detailed safety and licensing requirements for
design, safety analysis, procurement, manufacturing, construction,
commissioning, operations and decommissioning.

For CANDU* power reactors, the Licensing Basis Document starts from well-
documented and well-defined Atomic Energy Control Board requirements. It
interprets these and derives the detailed licensing requirements for the
specific project. There are, however, no corresponding Atomic Energy Control
Board documents specific to small heating reactors such as SES-10. There
are, of course, a number of small reactors already licensed in Canada:

seven SLQWPOKE-2 reactors now in operation in various cities in five of
the ten Canadian provinces,

the research reactors ZED-2, PTR, NRX and NRU at Chalk River Nuclear
Laboratories, Ontario,

the 5 MW McMaster reactor in Hamilton, Ontario, and

the SLOWPOKE Demonstration Reactor in Pinawa, Manitoba.

These have been licensed largely on a case-by-case basis, with the licensing
requirements generally derived from international practice on small reactors,
as embodied by the International Atomic Energy Agency documents, Canadian
operating experience on small reactors and any relevant Canadian safety prin-
ciples from power reactor experience. Such a process has permitted innova-
tive and safe small-reactor designs and is consistent with what is done in
other countries.

CANada Deuterium Uranium. Registered in the U.S. Patent and Trademark
Office.
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FIGURE 2: LICENSING DOCUMENT HIERARCHY

The licensing basis for SES-1O has been derived from experience with small
reactors in Canada, accounting for both the characteristics of SES-iO,
aspects arising from urban siting, and incorporating the design and operating
experience of the SLOWPOKE Demonstration Reactor. It proposes a set of
"safety goals", which set numerical risk targets. These quantify the minimum
safety standards that the project must meet. They also provide both consis-
tency of approach and a framework for discussing licensing issues that may
arise. Safety goals themselves, however, do not give designers and operators
practical requirements. Thus, fundamental safety principles and specific
safety policies are then stated and are the basis for the next tier of
documents, i.e., safety design guides and operations requirements. These
principles and policies should be consistent with the safety goals but cannot
be derived uniquely from them. Indeed, the specific policies must be derived
in conjunction with a design concept. They incorporate international and
Canadian experience in practical safety design.

The fundamental safety principles for SES-10 include:

(a) Siting, design, procurement, construction, operation and decommissioning
shall be governed by a sound quality assurance program.

(b) The design shall follow the principle of defence-in-depth, i.e.,

abnormal events will be prevented, then mitigated, then
accommodated--in order of importance, and
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a series of barriers prevents or, as a very minimum, slows down
accidental release of radioactivity to the environment.

The relevant barriers for SES-1O are:

the uranium dioxide fuel
the zircaloy fuel sheath
the pool water
the pool structure and cover gas/building filtered ventilation
system.

These barriers are common to hundreds of pool reactors around the world.
In SES-10, the UO2 fuel barrier is particularly important because the low
operating temperature of the UO2 means that there are essentially no free
fission products in the fuel-sheath gap.

Prevention is provided by the inherent reactor characteristics and by the
reliability of the equipment employed during operation. It is achieved
by a combination of physical features of the reactor and of setting reli-
ability targets for equipment so that the chance of an abnormal event is
small. Such targets must be observable in operation or deduced from
component failure data.

Mitigation requires that abnormal events will be either slowed down by
the inherent reactor capabilities so that there is time for manual inter-
vention to terminate the event, or, depending on the initiating
frequency, that there will be redundant, diverse and testable safety
systems, designed to terminate the event.

Accommodation means that accidental radioactive releases from the core or
used fuel in the pool, apart from noble gases, will be substantially
contained within the pool water and pool structure, so that the licensing
and safety criteria for dose are met. No exclusion zone is required.
All doses from abnormal events will be calculated assuming that an
exposed individual member of the public can remain in any area normally
accessible to them, up to the outside wall of the reactor building. The
building itself, although not formally credited as a barrier, will in
fact provide additional retention and delay of fission products. The
design requires that there shall be no need for evacuation of people as a
result of an abnormal event or design basis external event.

(c) The plant safety does not depend on prompt operator action. The initial
operation of SES-10 will have sufficient licensed operators in the
reactor building, monitoring the operation. Once reliable operation has
been established, the mature SES-10 will be locally surveyed and remotely
monitored. In this phase, the licensed operator will be stationed at a
different location and supplied with a communication link and equipment
that will operate automatically to allow remote monitoring of the
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facility. He will come to the SES-10 site for any essential manual
operation. Local staff will not be permitted to start up or operate the
reactor. They will respond to conventional hazards, can shut the reactor
down, and can call the remote operator for assistance.

Safety Design Guides provide a detailed interpretation of these principles in
terms that are useful to a system designer. They usually address
requirements which are common to a number of plant systems and structures,
such as shutdown, control and monitoring requirements, and requirements for
external event protection.

4. THE HUNGARIAN LICENSING PROCESS

4.1 Reactors Currently Licensed in Hungary

In Hungary the nuclear industry comprises the following reactors:

the research reactor of the Central Research Institute for Physics at the
Hungarian Academy of Sciences, which after some upgrading, has now been
converted to a capacity of 20 MW,

the training reactor at the Budapest Technical University, and

the four WWER-440 type units of the Pales Nuclear Power Plant, which in
1988 supplied about half of Hungary's electrical power generation.

Reactor licensing has used two different approaches for small and power
reactors. Research and training reactors are licensed by the Hungarian
Atomic Energy Commission's ad hoc Board. The nuclear power reactors are
licensed by the Hungarian State Inspectorate for Energetics in the Ministry
of Industry.

In both cases, licensing progress is tied to certain key milestones for which
specific information has to be submitted. These steps are:

site approval,
construction licence, and
operating licence.

For power generating reactors, the latter is granted in four phases. The
requirements for each of the steps are laid down in the regulations of the
above-mentioned organizations.

4.2 General Hungarian Licensing Requirements

The governing legislation for Nuclear Energy consists of Act I of 1980 of the
Hungarian National Assembly, which gave the responsibility for enforcement to
the Council of Ministers. The Council issued Decree No. 12, also in 1980, on
the execution of Act I. This decree named a number of Authorities
responsible for different parts of the whole licensing procedure.
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This way, each aspect of the use of nuclear energy is treated separately.
Each of the Authorities has published its own licensing requirements in its
field of responsibility, and the organization issuing the final licence is
responsible for ensuring that the applicant possesses all the required
Authority approvals.

A few examples of the Authorities, and their responsibilities, are:

Ministry of Health and Social Welfare: radiation protection
Ministry of Housing and Public Construction: building requirements
Ministry of Environment and Water Resources: air and liquid discharges
Ministry of Industry: questions on nuclear safety, etc.

The number of Authorities varies with changes in the structure and responsi-
bilities of Ministries and Committees. Currently, there are more than ten
Authorities.

In the case of a nuclear power plant, or of a heating plant like SES-10, the
co-ordinator is the State Inspectorate for Energetics, which deals with
aspects of nuclear safety, and is also the Pressure Vessel Authority. This
Inspectorate published its requirements in 1979 in six volumes, covering
quality assurance procedures, quality control, general safety aspects,
pressure limit calculations, etc. Some years later, regulations regarding
electrical systems and waste treatment principles were added.

At present, owing to changes in the regulations in the Council for Mutual
Economic Assistance and in other countries, the State Inspectorate for
Energetics is in the process of reissuing all its rules, taking into account,
among other things, recent relevant International Atomic Energy Agency
publications such as the revised Nuclear Safety Standards, INSAG-3, etc. [8].

The general licensing process is also under re-evaluation in the light of the
experience in licensing the four nuclear power plant units at Paks, and
especially in the light of lessons learned from the controversy in licensing
the Low- and Medium-Level Waste Repository in Hungary. This repository was
proposed for a different county from the one where Paks was located, and was
not proceeded with because of local opposition. The general conclusion from
this experience, and from the growth of environmental movements in the rest
of Europe, is that the environmental aspects of any nuclear proposal will
come under intense public scrutiny. The public must be helped to distinguish
a large nuclear power plant from a small district heating reactor.

Thus, one of the main tasks during the licensing of SES-10 is to perform an
Environmental Impact study. The aim is to educate both specialists and the
general public in the excellent safety characteristics of the machine, and to
obtain their acceptance.
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5. THE HUNGARIAN LICENSING PLAN FOR SES-10

The overall basis of the safety of SES-10 will be as it is designed and
licensed in Canada. Reactor licensing in Hungary will be based on
"licensable in Canada", and adjusted for Hungarian sites and practices.
Because of the lead role of the first Canadian plant, the Hungarian licensing
schedule will lag the Canadian schedule by one major step in the approval
process. This allows the results of the Canadian SES-10 program to be
factored into the Hungarian program, ensuring licensing-related requirements
are well defined in Hungary before construction begins.

Prior to the establishment of the joint Canadian/Hungarian company, described
in [2], the lead proponent of SES-10 to the Hungarian licensing authority
will be EROTERV, assisted by AECL.

The Hungarian licensing plan recognizes five steps:

(i) familiarization of the relevant organizations (the State
Inspectorate for Energetics, AECL and EROTERV) with the licensing
processes and requirements in the respective countries, and
identification and resolution of any major licensing difficulties in
Hungary,

(ii) development of a final, costed Licensing Plan for use by the joint
Canadian/Hungarian company,

(iii) definition of Hungarian requirements for a pool-type heating
reactor, including safety report contents, and application for site
approval in Hungary,

(iv) application for a Construction Licence in Hungary based on the
Hungarian Preliminary Safety Analysis Report, and

(v) application for an Operating Licence in Hungary following successful
commissioning in Canada.

o. CONCLUSIONS

The "up-front" licensing process in Canada reduces the risks to the proponent
of licensing-induced delays after the start of construction. Because it
encourages resolution and documentation of licensing issues, it provides an
auditable record of the licensing basis of the project, in the form of the
Licensing Basis Document. Thus, it is clear, even for a reactor with novel
safety features and a novel application such as SES-10, what is required to
licence it.
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This Licensing Basis Document is now being used in the early stages of
licensing SES-10 in other countries. As a "live" record of agreements
reached with the Atomic Energy Control Board and of remaining issues, it
provides a foreign regulatory agency with a unique insight as to how the
project licensing requirements were derived. It also provides an opportunity
to influence these requirements, and acts as a base to which any additional
national requirements, resul;ing from unique national circumstances or
practices, can be added. Once the Canadian Licensing Basis Document is
finalized, and a construction permit is granted, the Licensing Basis Document
provides an objective summary of what "licensable in Canada" means.

Licensing the SES-10 in Hungary poses exciting challenges and opportunities.
The SES-10 may very well be the first heating plant licensed in the Council
for Mutual Economic Assistance countries in an urban area; this will require
adapting the existing regulations to account for its unique safety charac-
teristics. Obtaining public acceptance in Hungary will be very important to
the success of SES-10, a process in which the simplicity and safety of the
design, and the real environmental aspects of fossiI - fuelled district heating
plants, will be of great importance.
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