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L'ENERGIE ATOMIQUE DU CANADA, LIMITEE

SYSTEMES NUCLEAIRES SANS SURVEIUANCE POUR LE FOURNITURE LOCALE D'ENERGIE

par

G.F. Lynch, A.R. Bancroft, J.W. Hilborn, D.S. McDougall et M.M. Ohta

RESUME

On décrit dans ce rapport les récents développements touchant un petit
réacteur nucléaire producteur de chaleur et d'électricité, à savoir le
système SLOWPOKE qui peut être installé dans la localité qu'il dessert et y
jouer un grand rôle pour les approvisionnements énergétiques. Les récents
développements ont permis de mettre au point des particularités
exceptionnelles de sûreté rendant possible le fonctionnement sans
surveillance du SLOWPOKE. La protection radiologique est assurée par des
caractéristiques intrinsèques. Elle ne dépend ni de dispositifs complexes
de sûreté ni de l'intervention d'un opérateur. Ces éléments de sûreté
sont, à notre avis, essentiels pour que le public accepte les systèmes
nucléaires autonomes. Leur fonctionnement sans surveillance dépend de leur
autorégulation. Cependant, leur performance peut être télécommandée.

Le système énergétique SLOWPOKE comprend un bassin rempli d'eau maintenu à
]a pression atmosphérique. Cette eau refroidit et modère un réacteur
thermique dont le réflecteur est en béryllium. Le combustible est
constitué de 100 à 400 kg d'uranium légèrement enrichi. L'eau du bassin
constitue également une protection contre les matières radioactives piégées
dans le combustible. La chaleur extraite du bassin est soit amenée dans un
système d'eau chaude destiné au chauffage de bâtiments, soit communiquée à
un liquide organique converti en vapeur laquelle entraine un
turbo-alternateur. Le système SLOWPOKE peut fournir de 2 à 10 mégawatts
thermiques ou jusqu'à un mégawatt d'électricité.

Le SLOWPOKE est très différent des réacteurs de puissance employés dans les
centrales électronucléaires. Sa source de chaleur nucléaire est d'une grande
simplicité, car elle n'a qu'une pièce mobile. Il s'agit d'un absorbeur massif
de neutrons qui est lentement retiré du réacteur pour équilibrer le taux de
combustion. La puissance est maintenue constante par autorégulation et aucune
production excessive de chaleur n'est possible, même dans les cas les plus
graves de défaillance du système. Le refroidissement du combustible est assuré
par des processus physiques naturels ne dépendant pas de composants mécaniques
comme les pompes. Ces caractéristiques intrinsèques donnent au SLOWPOKE une
excellente fiabiliité et une sûreté à toute épreuve.

Service des Systèmes énergétiques locaux
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ABSTRACT

This paper describes recent developments in a small nuclear heat and
electricity production system - the SLOWPOKE Energy System - that make it
possible to locate the system close to the load, and that could have a
major impact on local energy supply. The most important unique features
arising from these developments are walk-away safety and the ability to
operate in an unattended mode. Walk-away safety means that radiological
protection is provided by intrinsic characteristics and does not depend on
either engineered safety systems or operator intervention. This, in our
view, is essential to public acceptance. The capability for unattended
operation results from self-regulation; however, the performance can be
remotely monitored.

The SLOWPOKE Energy System consists of a water-filled pool, operating at
atmospheric pressure, which cools and moderates a beryllium-reflected
thermal reactor that is fuelled with 100 to 400 kg of low-enriched uranium.
The pool water also provides shielding from radioactive materials trapped
in the fuel. Heat is drawn from the pool and transferred either to a
building hot-water distribution system or to an organic liquid which is
converted to vapour to drive a turbine-generator unit. Heating loads
between 2 and 10 MWt, and electrical loads up to 1 MWe can be satisfied.

SLOWPOKE is a dramatic departure from conventional nuclear power reactors.
Its nuclear heat source is intrinsically simple, having only one moving
part: a solid neutron absorber which is slowly withdrawn from the reactor
to balance the fuel burnup. Its power is self-regulated and excessive heat
production cannot occur, even for the most severe combinations of system
failure. Cooling of the fuel is assured by natural physical processes that
do not depend on mechanical components such as pumps. These intrinsic
characteristics assure public safety and ultra high reliability.
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Chalk River Nuclear Laboratories
Chalk River, Ontario KOJ 1J0
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UNATTENDED NUCLEAR SYSTEMS FOR LOCAL ENERGY SUPPLY

1. FUTURE ENERGY NEEDS

The availability of abundant energy at affordable prices is a major contrib-
utor to industrial development and national economic growth. However, even
with moderate growth scenarios, the overall global energy needs for the
first decades of the next century are, by any reasonable measure, enormous.
The elegant study of the Conservation Commission of the World Energy
Conference(1) and the update provided for the 12th Congress of the World
Energy Conference predict the global energy requirements in 2020 to exceed
700 EJ(2). This represents more than a doubling in the world annual energy
production capability compared with 1982. These growth forecasts are
consistent with several other national and world projections, as shown in
Table I. Even taking into account the reduced forecasts resulting from the
progress in conservation since 1973 and reduced economic activity, these
studies and the others encompassing smaller regions anticipate that the
demand for energy in 2020 will strain our ability to provide it.

The energy supply to satisfy this demand could, however, be available from
existing and foreseeable technologies provided that prudent decisions are
taken in time to implement the systems required. All forecasts anticipate
a significant expansion in the role of coal and nuclear energy. For
example, a 1980 study by the International Institute for Applied System
Analysis has predicted that the energy from the nuclear fission process
will be providing up to 50% of the world's primary energy requirements by
the year 2050(15). This is consistent with the forecasted trends in the
contribution of nuclear energy illustrated by the percentages shown in
parentheses in Table 1.

From the resource standpoint, there is a range of options by which the
global energy needs can be satisfied. However, when the various end uses
are considered there are some critical restrictions on the economic
viability of utilizing certain resources. The end uses can be divided into
four major categories:

building and domestic water heating,
industrial processes,
transportation, and
miscellaneous applications.

To put this in perspective, about half of the secondary energy consumed in
Canada has an end use as heat. Of this, over 50% is used at temperatures
below 100°C and projections to the year 2000 show little likelihood of a
significant change in this percentage(16). Although one would expect the
Canadian climatic and geographical conditions to have a bearing on these
data, the analyses from other countries, as shown in Table II, conclude
that building heating requirements consume between one quarter and one half
of the primary energy resources.



TABLE I

PRIMARY ENERGY DEMAND (EJ)*

AUTHORS

WEC
IIASA

IA£A

WEC

WAES

IEA

ETSAP

CONAES

ORNL

Zander

Clavton

NEB
HEB

1

YEAR OF

FORECAST

1978

1981

1983

1984

1977

1983

1984

1979
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1980

1981

1984

REGION

World

World

World

World
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OECD

Countries

14 OECD

Countries

US

us

Canada

Canada

Canada

Canada

2000

361(16)

480(10)

521 (9)

489 (8)

409(17)

234(10)

193(12)

122(17)

17

12

16(9)

13(10)

2010

748

225(15)

115(23)

YEAR

2020 2025

1000(31) '
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150(18)

21

17

I

1

2030
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1

915(23) | 4

1 b
2

6

7

8

q

10
t

11
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13

14

'•'•Midpoints of ranges are listed. Figures in parentheses are percentage of

nuclear energy.

Furthermore, the experience of the last decade provides an uncommon
opportunity to asses the true demand for building heating. Ten years ago
much of Canada's residential heating was supplied by oil. The abundant and
inexpensive supply of oil and other sources of energy led to an unknown
amount of extravagant use of energy. It was difficult to tell the amount of
energy that was needed from the statistics on how much of the resources
were used.

A sharp increase in price alone would certainly have a negative impact on
the demand for energy in building heating, but the size of that reduction
would depend on the ability of the user to either substitute other less
expensive fuel, e.g., natural gas, or reduce his demand for energy through
conservation. Ten years ago, it was difficult to assess the impact of a
strong conservation and/or conversion effort. The unprecedented oil price
increases have given us that opportunity.

Energy use per home in Canada (heat and electricity) rose form 205 gigajoules
in 1962 to 250 gigajoules in 1980. At this point the impact of conservation
and conversion began to be felt and energy consumption dropped by 10% to
222 gigajoules per home in 1985.
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TABLE II

ENERGY CONSUMED FOR BUILDING HEATING

YEAR

1969

197 3

1.974

1977

1978

1980

1983

% OF NATIONAL
ENERGY USED FOR

BUILDING HEATING

25

22

25

25

50

21

40-50

40

30

35

41

CWMENTS

Canada

USA

Typical of industrialized countries

Canadian Prairie Provinces (industry excluded)

Denmark

UK (residential only)

Typical of North European Countries

Sweden

Canada

Canada

FRG

A drop in demand of 10% while prices doubled indicates that the current
level of energy demand in building heating does not have a large component
of extravagant usage and no easy conservation practices remain. In fact,
forecasts for the next 25 years call for a very modest amount of annual
growth in energy consumption per home, indicating the impact of the price
shocks and the resultant conservation and conversion effort have largely
been absorbed. Other factors such as the state of the economy will determine
the amount of monies spent on energy.

To the extent that this Canadian experience is representative of the
conservation/conversion adjustment in other industrialized countries, it is
possible to conclude that no major downward adjustments in space heating
demand will result from future large energy price increases. Growth in
individual economies, housing and apartment construction and improved
standards of living will be the key ingredients in building heating demand.

In many of the developing countries, building heating is not required. In
others the current level of heating is less than desired. However, the use
of scarce resources for heating must be balanced against the use of these
resources for other pressing needs. The introduction of new, less
expensive, less polluting heating methods, easily adapted to the specific
local needs, will find no lack of demand.

From these studies it can be concluded that there will be a substantial
growth in energy demands and that the requirements for low grade heat and
hot water are likely to parallel the increase in total requirements.
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2. EXPECTATIONS FOR NUCLEAR FISSION POWER

Since nuclear fission power is expected to play an ever increasing role in
providing the energy required to sustain even a modest amount of economic
growth, it is important to understand its compatibility with the end uses.
The primary product of the nuclear fission process is heat. Nuclear
generated heat is one of the cheapest forms available on a global scale.
This heat can be used in three ways:

electricity generation,
industrial process heat, and
building heating.

The first two are considered the traditional role for nuclear power.
However, as nuclear power increases its share of the world energy supply,
serious consideration must be given to its compatibility with building
heating applications.

Efficient electrical generation and steam for industrial processes have
imposed on the reactor technology the engineering complexity associated
with high pressure water and steam systems. This has resulted in sophisti-
cated safety systems and a rigorous and sometimes burdensome licensing
process. Despite these overheads, nuclear power plants are now producing
some of the cheapest electricity and industrial process heat that is
available. This has been achieved mair.ly through the economies of scale.
By this means the technical and administrative burdens are proportionately
reduced.

On the other hand, for heating buildings at about 20°C, low grade heat is
the primary target. Thus, for the application of nuclear processes to
building heating a different set of criteria must be developed.

3. CRITERIA FOR THE APPLICATION OF NUCLEAR HEAT TO BUILDING HEATING

For building heating, the technical and economic criteria for the applica-
tion of nuclear technologies are still evolving. The fundamental require-
ment is to supply low grade heat to end users who are geographically
distributed throughout a series of buildings or building complexes.

3.1 Unit Size

In tabulating the effective transportability of various energy carriers,
Marchetti(25) concluded that the poor transportability of hot water calls
for small heat generators located close to the load centers. Clearly, this
is contrary to the economy of scale arguments that apply to electrical
generation where power plants larger than 500 MWe (approximately 1500 ^fWt)
are the norm.

The optimum unit size for heating applications depends on a variety of
demographic and historical factors. Population density and the price of
competitive fuel sources are of primary consideration. However, for coun-
ries which already have district heating systems in operation, such as
those in Northern Europe, the size may have to match the existing distrib-
ution systems.



For new applications, a much clearer understanding of the spectrum of unit
heating requirements is needed. For example, in a city suburb in North
America where each family dwelling requires 10 kW of thermal energy, the
cost of the distribution system required to deliver 1 GW thermal would
destroy the competitiveness of district heating.

Recognition of the significance of small unit size has led to the develop-
ment of the conceptual design of heating reactors in France and Scandinavia
with thermal powers in the range 100 to 400 MW(26). A four unit plant
(4x70 MWt) producing both heat and electricity has been operating in a
remote region of the USSR since the late 1970s(27).

More recently, the conceptual design of a 53 MW thermal reactor for dis-
trict heating was completed in the United States(28). Furthermore, a
recent study(7) concluded that 38% of the heat demand in 28 US cities was
in unit sizes of less than 30 MWt.

In a more dramatic extension of this philosophy, Canada has developed a
heating reactor in the 2 to 10 MWt range(29). The detailed design of this
reactor is complete and a demonstration unit is scheduled to be operating
in the autumn of 1986. Targets for initial applications are urban building
complexes and remote northern communities of 500 to 5000 inhabitants. The
details of this system are described in Section 4 of this paper.

The Canadian program is similar in many respects to the Swiss initiative to
develop a small heating reactor in the 10-50 MWt power range to supply hot
water to communities of 4000 inhabitantsC30).

3.2 Operating Temperature

In determining the optimum operating temperature, it is important to note
that the ultimate end use of the energy is heat at 20°C. Existing district
heating systems use both hot water, with supply temperatures in the range
90 to 160°C, and steam with pressures typically in the range 400 to
3000 kPa. Although there are advantages and disadvantages for both
techniques, experience has shown that the advantages of hot water transmis-
sion far outweigh the disadvantages in most cases(7). Consequently, future
district heating systems are almost certain to use hot water transmission.

There is also considerable advantage in operating the nuclear power source
to produce hot water at temperatures less than 100°C thereby eliminating
the need for pressurized systems. This has a significant impact on the
design and licensing requirements and a corresponding impact on the overall
energy costs.

3.3 Operating Costs

Since the fuel load in a heating reactor can be designed to last up to 10
years, it significantly increases the capital cost of the plant relative to
a fossil fuelled alternative. Therefore, to maintain a competitive total
unit energy cost, nuclear heating systems must achieve very low operating
costs.



The ultimate concept would be to design a passive nuclear heating system
that can operate unattended for extended periods of time. The target of
achieving reliable operation without the need for highly skilled staff
implies the need for inherent safety and simplicity of design.

3.^ Public Acceptance

The principle of locating small nuclear heating units close to the load
requires a high degree of public acceptance of the nuclear technology
involved. Thus, a fundamental criterion must be unquestionable safety.
Furthermore, because of the prevalent public attitude to nuclear matters,
it is likely that the commitment of the first fully commercial units will
be in areas where the cost advantage over the next best alternative is
substantial.

h. DESCRIPTION OF THE SLOWPOKE ENERGY SYSTEM

h. 1 The Evolution of the SLOVJPOKE Concept

The SLOWPOKE Energy System is a heat generation and distribution system
based on a SLOWPOKE heating reactor. This reactor is an uprated version of
a 20 kWt research reactor called SLOWPOKE-2. Developed in 1968-69 at the
Chalk River Nuclear Laboratories, SLOWPOKE-2 is a low-cost, pool-type
reactor producing a thermal neutron flux of 10 1 2 n.cm^.s"1 in the
beryllium reflector surrounding the core. It is used for neutron activa-
tion analysis and as a university teaching and research tool(31). Since
the startup of the prototype in 1970, eight units have been installed by
Atomic Energy of Canada's Radiochemical Company. They are all licensed to
operate unattended, but remotely monitored, for periods up to 24 hours.

In seven of the reactors, the core contains approximately 0.8 kg of highly
enriched uranium (93% U-235), in the form of uranium-aluminum alloy. The
eighth reactor, installed in 1985, contains approximately 5 kg of low-
enriched uranium (20% U-235). All future SLOWPOKE research reactors will
be fuelled with low-enriched uranium.

SLOWPOKE-2 has a high degree of inherent safety, arising from the negative
temperature and void coefficients of reactivity, limited maximum excess
reactivity, and restricted access to the core by users. As a result the
reactor does not require an automatic shutdown system, neutron ionization
chambers or low power startup instruments. The reactor is controlled
automatically by a single motor-driven absorber rod responding to a self-
powered neutron detector.

Because the reactor is so simple and safe, users of the facility have been
licensed as operators without formal training in reactor technology. They
must, of course, be fully qualified in radiation protection procedures.
Reactor users do not have access to the core and are not permitted to store
enriched uranium fuel at the reactor site.

This experience has provided the foundation for the development of the
SLOWPOKE Energy System which is ideally suited to supply a community's
local energy requirements at competitive prices.
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4.2 SLOWPOKE Energy System

The SLOWPOKE heating reactor has been designed to operate at 10 MWt and
incorporates the key technical features of the research reactor, namely:
atmospheric pressure, natural convection cooling, beryllium reflector,
remote monitoring instead of an on-site operator, and unquestionable
safety. The overall design objective is to achieve high reliability and
inherent safety at low cost.

The core consists of 784 uranium oxide fuel elements similar to the type
used in CANDU (CANada Deuterium Uranium) reactors, but using 4.9% enriched
uranium instead of natural uranium. Each fuel element is 0.5 m long and
contains 0.5 kg of uranium. Assuming an annual load factor of 50%, the
16 fuel bundles comprising the core will be replaced every six years. A
10 cm thick beryllium reflector surrounds the core.

The reactor core, coolant riser duct and heat exchangers are installed in a
water-filled pool inside a steel-lined concrete vault as shown in Figure 1.
The pool water serves as both the heat transfer medium and the shielding.

To building
heating system

Grade Level

Concrete
Containment

SLOWPOKE HEATING REACTOR

Figure 1: Schematic Diagram of the SLOWPOKE Energy System



Primary heat transport from the core is by natural circulation of the pool
water through plate-type primary heat exchangers. The secondary circuit
delivers heat to the building heating system by way of the secondary heat
exchanger. Thermal power is measured in the secondary coolant circuit for
purposes of metering and calibration of instrumentation in the primary
circuit.

To compensate for fuel burnup, four shim absorber plates are used for
periodic core reactivity adjustments by an operator. In addition, a
central absorber rod is used for automatic control of the pool water
temperature. The rate of removal of all absorbers is limited by the speeds
of their electric motors and by a timer requiring manual reset.

A liquid absorber release system will shut the reactor down over a period
of five minutes. Gadolinium nitrate solution flows into the pool by
gravity alone, through two temperature-actuated valves. These valves
require no external power supply and will be set to open automatically at a
core outlet temperature of 98°C. The temperature sensors and the valves
for the liquid absorber shutdown system are fluidic throughout and fail
safe.

Pool water is continuously pumped through ion exchange columns to maintain
water chemistry and control corrosion. The ion exchange column can also
remove fission products from defective fuel, and gadolinium nitrate from
the liquid absorber shutdown system.

The reactor pool is covered by an insulated lid, enclosing a gas space over
the pool. The air and water vapour are continuously circulated through a
purification system and hydrogen recombiner. After filtering and
monitoring, a fraction of the circulating cover gas is released to the
atmosphere.

One of the fundamental driving forces in the design is the safety
philosophy. The primary goal is to meet all Canadian regulatory require-
ments in a manner that permits unattended operation for periods of a week
or longer. In addition, the basic safety principles should be easily
understood by interested people with limited knowledge of nuclear
technology.

To achieve this goal, the SLOWPOKE Energy System has been designed to
provide radiological protection by the action of intrinsic processes that
do not depend on specially engineered systems. The main safety features
are as follows:

1. Pool-type reactor at atmospheric pressure avoids need for nuclear
pressure vessel. Consequently, loss of coolant caused by depres-
surization is impossible.

2. Natural circulation ensures core cooling without pumps.
3. Double containment of pool prevents loss-of-coolant caused by

leakage.
4. Redundant control system reduces the probability of unwanted

shutdown.
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5. Low reactivity change rate permits slow-response control and shut
down system.

6. Negative reactivity effect of water density (i.e., water tempera-
ture and steam bubbles) limits power transient following loss-of-
regulation.

7. Large pool volume at 68°C delays core temperature rise following
loss of secondary flow. As a result any thermal transients take
hours.

8. Heat pipe immersed in pool guarantees indefinite cooling after
shutdown, even without electrical power.

Several barriers are used to prevent fission products being transmitted
from the reactor core to the environment and hence to the public. These
barriers consist of:

Ceramic fuel - The uranium oxide fuel is a diffusion resistant ceramic
that traps most of the fission products.

Fuel sheathing - The Zircaloy sheathing around the fuel elements is
sealed to vacuum technology standards, and is designed to withstand
the stresses resulting from fuel expansion, fission gas pressure and
mechanical loads applied during refueling.

Double pool containment - The pool water, which serves as both primary
coolant and shielding, is contained in a steel vessel without penetra-
tions, inside a reinforced concrete vault. An air gap between the two
containers is monitored for coolant leaks through the vessel wall, and
the gap can be filled with water to test for leaks through the
concrete.

Pool Cover - The top surface of the pool is not open to the reactor
building as in many pool-type reactors, but is enclosed with a steel
cover plate. The vapour space between the pool surface and the
cover-plate is used to monitor and control radioactive gases from the
pool.

These features provide the necessary level of inherent safety that will be
used to establish the license permitting the reactors to operate unattended
for extended periods of time.

Since the product from the heating reactor is hot water at 85°C, this
nuclear heat source is common to a variety of applications including:

building heating and hot water,
low grade industrial process heat, and
electrical generation.

To meet the requirements of these applications, the commercially available
SLOWPOKE Energy System comprises:

the nuclear heat source,
the heat exchanger interface,
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a heat conversion system,
a building and associated civil structures, and
a heat-to-electricity conversion system, if required.

The potential heat conversion systems include hot water distribution
systems for heating communities or building complexes, absorption cooling
systems and other thermal processes suited to low temperature heat such as
vaporization processes for desalination. In all cases, a heat exchanger is
required to transfer heat from the nuclear heat source to the working fluid
of the conversion system. The building and associated civil structures
depend on the particular application and the characteristics of the site.

In applications where electricity is desired, the heat is transferred to
pressurized Freon, causing it to vaporize. The resulting vapour is
expanded through a single-stage turbine which in turn drives an electric
generator. Such Rankine engines typically have thermal conversion efficien-
cies from 5-10%, determined by the vapour temperature at the turbine inlet
and the heat rejection temperature.

4.3 Demonstration Unit

To prove that the design goals for the SLOWPOKE Energy System can in fact
be met, a 2 MWt demonstration reactor (SDR) has been constructed at the
Whiteshell Nuclear Research Establishment (WNRE) in Manitoba. Scheduled
for start-up in the autumn of 1986, its main purpose is to demonstrate that
SLOWPOKE Energy Systems of this type can be operated safely and reliably
without an operator in the reactor building. The SDR facility, as shown in
Figure 2, replicates all the details of the 10 MWt unit necessary to
validate the design. The core consists of a 2x2 array of fuel bundles
compared with 4x4 in the 10 MWt unit. This is sufficient to confirm the
concept in an economic manner. The rest of the design parameters for SDR,
presented in Table III, are representative of the commercial heating
systems.

The primary purpose in operating and testing the SDR is to validate the
computer models which have been used to simulate the performance of the
commercial units. Steady-state and transient tests are being carried out
to cover the full range of anticipated operating conditions.

Since the commercial units will be located in populated areas, it is
important to gain realistic experience in monitoring and controlling
radioactive emissions. The SDR will play an important role in confirming
the effectiveness of controlling the release of radioactive substances to
the environment.

The SDR will be used to demonstrate the consequences of a single fuel
element sheath failure. Near the end of core life, reactor power will be
increased beyond the normal 2 MWt design rating for a specified period of
time. One fuel sheath will be deliberately failed, and the consequences in
the pool, the cover gas and the environment will be observed and recorded.
When the first core has been removed from the reactor, selected fuel
elements will be examined for dimensional and metallurgical changes.
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SLOWPOKE
DEMONSTRATION REACTOR

Key to cutaway
1. Core (4 bundles)
2. Control rod
3. Hot riser duct
4. Primary heat exchanger
5. Cover plate
6. Water purification system
7. Secondary heat exchanger
8. Circulating pumps
9. Control room

Figure 2: The Essential Features of the

SLOWPOKE Demonstration Reactor



Drainage tiles under the concrete pool structure will collect ground water
and deposit it in a sump which can be sampled. If necessary, the soil
surrounding the pool structure can be sampled through a hole in the con-
crete floor of the reactor building. Gases from the reactor will be
monitored before release to the atmosphere. Derived Release Limits have
been established, where the working population at the WNRE site simulates
the permanent residents of a small community. Target release limits during
routine operation will be set at a fraction of the Derived Release Limits,
based on the ALARA principle: "As Low As Reasonably Achievable".

TABLE III

THE KEY DESIGN PARAMETERS FOR THE SLOWPOKE DEMONSTRATION REACTOR

Core (Square cross-section)

Thermal Power
Length and Width
Height
Mass of Uranium
Enrichment
Number of Yuel Bundles
Number of Elements/Bundle
Energy Production

POOL

Diameter
Water depth
Water vo I umr
Cover geis volume-

2 MVt
284 mm
495 mm
100 kg
4.92
4

49
4.0 MW.a

4300 mm
9040 mm

13! 300 L
15 400 L

FUEL ELEMENTS (U02,

Length
Diameter
Mass of Uranium
Maximum Fuel Temp.
Maximum Heat Flux
Average Heat Flux
Average Burnup

BUILDING

Length
Width
Height
Volume

Zr clad)

487 mm
13.1 mm
0.51 kg
1350°C

105 W.cm a

50 W.cnT:

15 MW.d.i? '

13.7 m

11.5 m
10.4 m
1640 m 3

Following the reactor test program which is to be completed early next
year, the SDR will be used as a full scale demonstration of building
heating and electrical generation. To demonstrate building heating, some
of the buildings at the WNRE site will be heated by the SDR. Subsequently,
a 200 kWe organic Rankine engine will be connected to demonstrate the
capability of electrical generation. These demonstration programs have
been designed to verify all the essential features of reliability, avail-
ability and maintainability of SLOWPOKE Energy Systems in commercial
applications.

5. ENERGY COSTS

The unit cost of heat supplied by a SLOWPOKE Energy System can be as low as
1.2 cents/kW.h depending on unit size and load factor. As evident in
Figure 3, the cost of heat from systems greater than h MWt is very competi-
tive with oil fired systems in Canada.
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The financial analysis assumes

a 5 percentage point difference between the interest and
inflation rates
the cost of 5% enriched uranium is $2760/kg U
the major component of the operating cost is based on an operator
visiting the facility for 3 hours per day.

These data confirm the viability of small nuclear heat sources as an
economically attractive alternative to conventional heating systems in most
regions of Canada.

The cost of heat from the larger SLOWPOKE heating reactors is comparable to
the current cost of gas, and lower than oil and electricity costs. Future
escalation in oil and gas prices above inflation should make SLOWPOKE heat
even more attractive. Competition from off-peak electricity using some
fuels can be expected.

In remote regions of Canada, oil is the primary fuel. Transport charges
result in high oil costs so that nuclear heating should become the
preferred heat source for the larger remote communities.

In large cities of Europe, district heating has been used extensively for
many years. However, the implementation of large-scale nuclear heating has
been hindered by high capital costs and institutional barriers. Small
reactors like SLOWPOKE could overcome some of these difficulties. The
advantages of small unit size, short construction time and inherent safety
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may outweigh the apparent economies of large unit size. One possible
scenario is a large heat distribution grid that is served by a number of
SLOWPOKE Energy Systems sited conveniently throughout the grid. Not only
does this provide redundancy but also the flexibility necessary for later
expansion.

In fact, with such economic heat energy, even the low efficiency of a
Rankine engine operating at a load factor of 60% would produce an average
of 800 kWe at a cost of 22 cents per kW.h. Although not competitive with
base load nuclear electricity generation from CANDU power reactors, there
are many remote regions not connected to an electrical grid where such
electricity costs are very acceptable.

6. CONCLUSION

The increase in the world demand for energy will place an increasing demand
on nuclear fission to provide the energy that will be required for a
broader range of applications than is currently the case. Since the cost
of heat energy from nuclear reactors is already economically competitive
with most conventional energy sources, the prospects for wider adoption
appear very promising.

An analysis of the end use applications identifies the potential for
nuclear energy to play a key role in supplying low grade heat for building
and domestic water heating. To satisfy this demand, small unit size is one
of the key criteria that must be met.

Economically viable small nuclear energy systems have been a long sought
after goal. Atomic Energy of Canada Limited has adapted its SLOWPOKE
reactor technology to this application and developed a 10 MW thermal
heating reactor as the key element of a commercial local energy supply
system. With its demonstrated inherent safety and reliability, this
concept satisfies the criteria necessary for public acceptance.
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