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Le monde continue à concentrer son attention sur le chauffage nucléaire
urbain provenant d'une énergie peu coûteuse fournie par un combustible non
polluant. Il offre une sécurité à long terme aux pays qui dépendent
actuellement des combustibles fossiles et peut réduire la responsibilité du
transport ferroviaire et routier de ces combustibles. Les initiatives
actuelles portent sur les grandes installations de chauffage centralisé et
les petites installations de chauffage d'établissements particuliers. Les
premières sont des variantes de leurs cousins que sont les réacteurs de
puissance mais comportent des caractéristiques de sûreté améliorées. Les
derniers se trouvent devant les problèmes, du point de vue de la sûreté et
de l'autorisation de construire, que sont le choix d'un site d'implantation
en milieu urbain et la marche surveillée à distance, par l'emploi de
caractéristiques de sûreté intrinsèques telles que l'évacuation passive de
la chaleur, la faible énergie emmagasinée et la vitesse et intensité
limitées, dans les systèmes de contrôle-commande. On compare les petits
réacteurs de chauffage et résume les caractéristiques du Système
Énergétique SLOWPOKE, au premier plan de ces réacteurs. Il faut résoudre
le problème de la perception du public en présentant clairement les
caractéristiques des petits réacteurs de chauffage du quant à l'échelle et
la sûreté transparente de la conception et du fonctionnement et en
expliquant les avantages locaux.
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Abstract

World attention continues to focus on nuclear district heating, a low-cost
energy from a non-polluting fuel. It offers long-term security for coun-
tries currently dependent on fossil fuels, and can reduce the burden of
fossil fuel transportation on railways and roads. Current initiatives
encompass large, centralized heating plants and small plants supplying
individual institutions. The former are variants of their pover reactor
cousins but with enhanced safety features. The latter face the safety and
licensing challenges of urban siting and remotely monitored operation,
through use of intrinsic safety features such as passive decay heat
removal, low stored energy and limited reactivity speed and depth in the
control systems. Small heating reactor designs are compared, and the
features of the SLOWPOKE Energy System, in the forefront of these designs,
are summarized. The challenge of public perception must be met by clearly
presenting the characteristics of small heating reactors in terms of scale
and transparent safety in design and operation, and by explaining the local
benefits.

Local Energy Systems Business Unit
Chalk River Nuclear Laboratories
Chalk River, Ontario KOJ UO

1989 September

AECL-10043



TABLE OF CONTENTS

Page

1. THE NEED FOR NUCLEAR HEATING 1

2. CHALLENGES AND REQUIREMENTS FOR
LOCAL DISTRICT HEATING 2

2.1 Design Requirements 2
2.2 Public Perception and Public Acceptance 3
2.3 Safety Principles and Licensing 4

3. APPLICATIONS: LARGE CENTRALIZED PLANTS 7

4. SMALL HEATING REACTOR EXPERIENCE 8

4.1 SLOWPOKE Heating Reactor 8

4.2 Worldwide Small Heating Reactors 9

5. CONCLUSIONS 12

6. REFERENCES 13



1. THE NEED FOR NUCLEAR HEATING

The increasing demand for economic and reliable energy supply is driven
both by the growth in the world's population and by the essential role that
energy plays in industrial development. With the global energy require-
ments expected to double over the next 40 years [1], all supply sectors
will be seriously challenged in their ability to meet the demand.

The oil-price shocks of the 1970s changed energy economics to the point
that nuclear technology can now offer economically competitive energy
sources in much smaller sizes that meet a broader range of applications.
One such application of particular interest is building heating.

Many countries in the northern hemisphere consume in excess of 25% of their
primary energy supply to satisfy their building heating requirements [2].
Since the majority of the population lives in urban centers, a significant
fraction of these heating requirements can be satisfied by central heating
systems that use low-cost heat sources. Unlike transportation, this is an
important energy sector readily amenable to the application of small-scale
nuclear technology.

The current trend in building heating technology is towards hot water
rather than steam. Consequently, in specifying a nuclear heat source,
existing power-reactor technology is neither required nor appropriate. FOL-
example, a nuclear heating system can operate at significantly lower temp-
erature and pressure, thereby eliminating much of the complexity associated
with the production of high-pressure steam for electricity generation.

An analysis of the annual load curves for stand-alone heating systems in
buildings in several countries has concluded that a nuclear heating system
satisfying approximately 50% of the peak heat demand and used in a base-
load capacity could provide up to 90% of the annual heat requirements. By
using a low-capital-cost, fossil-fired boiler to satisfy the peaking
requirements, and acting as a backup to the more capital-intensive nuclear
heat source, the overall reliability requirements can be met at a cost
which is competitive with fossil fuels.

For those countries with district heating networks which interconnect
several load centers with a series of heat sources (much like established
electrical grids), the potential for nuclear heating is even more attrac-
tive. In such cases, the nuclear heat source can be operated with much
higher load factors, satisfying not only the base-load requirements for
heating but acting as a source of heat for domestic hot water. In such
circumstances, load factors of 80% can be expected with a corresponding
improvement in the economic advantages.
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In summary, nuclear heating offers the following advantages:

lov-cost energy from a non-polluting fuel,
long-term fuel security for countries currently dependent on
imported fossil fuels, and
reduced need for rail and road transportation of fossi] fuels.

2. CHALLENGES AND REQUIREMENTS FOR LOCAL DISTRICT HEATING

Nuclear district heating plants must satisfy three very different clients.
The most obvious client is the customer who uses the heat--he demands
safety, reliability, and acceptable costs. These demands become technical
requirements on the design. The second client is the general public, who
must balance the real benefits of the facility with their perception of the
risk. The third client is the regulator, who demands licensability based
on national experience with which he is familiar, and an assurance that he
will not be faced with contamination of a populated area as a result of an
accident. All three types of requirements are described in this section.

2.1 Design Requirements

To meet the essential requirements of public safety, plant reliability and
low cost, the following factors must be considered:

(i) There is a balance between unit size, coolant pressure, siting and
safety characteristics. In our view, it is uneconomical to build
a plant with a pressurized water coolant below a power of about
200 MWt. Similarly, it is uneconomical to build a plant with an
atmospheric pressure coolant above a power of about 50 MWt. This
results in two classes of heating plants: large, pressurized
units and small unpressurized ones. For che former, the combina-
tion of size and pressure gives a mechanism for dispersal of
fission products beyond the immediate plant surroundings and,
therefore, certain mitigation measures are employed: containment/
confinement and siting some distance away from dense populations.
For small nuclear heating plants, the economics of heat distribu-
tion by pipeline requires them to be located near the load; the
low pressure and small size preclude widespread fission-product
dispersal and, in addition, the chance of even local effects must
be made very small by means of exceptionally benign safety charac-
teristics. Current designs cover both types and range from 10 MW
to 500 MW, where the 10 MW design is intended for urban sites, and
the first twin 500 MW unit is located 7.5 km from the city of
Gorky in the U.S.S.R. [3].

(ii) Existing large-scale district heating networks generally require a
supply temperature of 120°C or higher.

(iii) Small-scale distribution systems can be designed to use water
below 100°C.
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(iv) Heat demand changes slowly with outside air temperature.

(v) Since the capital cost of nuclear reactors is significantly
greater than the capital cost of fossil-fuel boilers, the fuel and
operating costs of nuclear heating plants must be minimized.

It is concluded that nuclear heating plants should be designed in small,
unpressurized unit sizes if they are sited close to population centers, and
even the largest plant will be much smaller than the average nuclear plant
for electricity production. Nuclear heating plants should operate at the
lowest temperature and pressure appropriate to the heat distribution
system. They should be capable of automatic load-following for extended
periods with a minimum of operator intervention. Control and safety sys-
tems can be slow in response and therefore relatively simple. For unit
sizes at the low end of the range (e.g., 10 MW to 50 MU) the ultimate goal
is to minimize the need for operator attention. In that mode, a number of
small units in various urban districts would be monitored at a central
location, and at each site local power-plant staff would carry out limited
surveillance and maintenance.

The rest of Section 2 discusses public perception and licensing issues for
heating plants. The emphasis will be on local district heating, since
large heating plants are viewed by the public, and treated by regulatory
authorities, as being similar to power reactors.

2.2 Public Perception and Public Acceptance

Local district heating brings nuclear energy home in a more direct way than
central nuclear electricity generation. Economics requires that the
nuclear heat source be located close to the load, which means close to the
general public. The plant must be a good neighbour and must be recognized
as one. An accident in which no-one was hurt, but which contaminated part
of an urban area, could jeopardize an entire heating reactor program.
While the risk of accidents can never be eliminated, the chance of an acci-
dent having significant off-site effects must be greatly reduced relative
to alternative heating systems. Thus, the design and operation should be
transparently safe, simple and understandable enough that people can make
an informed judgement. Routine effects from normal operation must be
clearly trivial—at the level of the noise in the natural background radia-
tion—and abnormal events expected to occur even once in the life of the
plant should give insignificant incremental risk to an individual outside
the building.

With respect to communicating an understanding of such risk, one of the
goals in achieving public acceptance is to explain the small scale, and
hence the small hazard, of a local district heating reactor. Clearly,
nuclear opponents will want to de-emphasize the small scale, to mix in
nuclear weapons, and to raise the spectre of Chernobyls whenever nuclear
power of any type is being discussed. The public does distinguish scale as
an important factor in other technologies; for example, propane tanker trucks
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versus propane barbecue tanks, and small forgiving nuclear reactors should
receive the benefit of the same distinction. This is in fact true for the
SL0WP0KE-2 research reactors, whose benign characteristics have been
clearly enough understood by the public, and havs thus been accepted by the
public in an urban environment. There are seven of these located and oper-
ating in cities in Canada, plus one overseas.

On the benefit side, there must indeed be a local, observable benefit:
lower heating bills, stable heat prices, reliability of supply, and recog-
nition that small heating reactors play an important role in reducing use
of fossil fuel with its acid rain and uncontained waste products.

2.3 Safety Principles and Licensing

As noted e£ -Her, licensing for large heating plants has generally evolved
from the pr, itice for their power reactor cousins. The Soviet Union, for
example, has developed specific requirements for licensing large heating
plants that permit location within 5 km of a city if certain additional
safety requirements are met. Section 3 discusses some of the safety-
enhancement characteristics of these designs.

Local nuclear district heating is not new, but as noted in Section 2 use
has not been widespread, particularly use of small heating plants located
near the general public. Thus the major licensing challenge is the lack of
direct precedent, either through long experience or regulations, to which
the regulator can turn. Two related experience bases can bias the way
licensing is done: these are research reactors, and power reactors.

Research reactors are generally the right scale. They are characterized by
relatively low fission-product inventory and low stored energy, easy access
to the core and flexibility in core configuration, and hands-on operation.
Safety is achieved both by engineered safety features and a reliance on
highly skilled people reviewing proposed experiments and core changes, and
by following administrative procedures in performing them. Remote siting
can be a further defence where a mechanism for dispersal of fission pro-
ducts exists. Thus if one views elements of safety as inherent design
characteristics, process systems, engineered safety features, containment/
siting and human intervention, most research reactors are more oriented
toward the latter elements than the former.

Power reactors are orders of magnitude larger in scale. They have large
fission-product inventories and high stored energy; core access is diffi-
cult and highly controlled; core configuration changes are not permitted
except under unusual circumstances; routine operation is continuously moni-
tored by on-site operators, but for the most part automatically controlled;
automatic safety systems remove the immediate need for operator interven-
tion; and the plant is normally provided with an exclusion zone but can be
sited modest distances away from urban areas. Power reactors thus rely
more on engineered safety features than on inherent design characteristics
and human intervention.
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Desirable safety-related characteristics for small heating reactors can bo
stated as follows:

1. The power, and hence the fission-product inventory, are generally low.

2. There is highly restricted access to, and infrequent changes to, the
core. The control devices for load-following are slow-moving and
stability is aided by negative reactivity coefficients.

3. All the reactor safety systems are automatic or self-actuating.
Effects of failures in the safety systems are mitigated by inherent
properties or self-actuating processes. Automatic initiation of a
safety system cannot be easily disabled by an operator. Safety devices
are testable on power, without risk of a spurious shutdown. All criti-
cal components of a safety system are fail-safe or have independent
back-up. Two independent and diverse shutdown systems are provided
unless automatic shutdown can be guaranteed by inherent physical or
chemical properties.

4. The mechanism for removal of decay heat has the same reliability and
effectiveness as an automatic safety system for several days after
shutdown. Passive decay heat removal is the usual approach.

5. The stored energy in the coolant is low. A sudden loss of coolant is
prevented, usually by double barriers. Following a small loss of
coolant, there is no need for an external supply of water, nor for
human intervention, for several days.

6. The plant can withstand credible external events typical of an urban
industrial environment, such as severe natural phenomena, industrial
accidents in nearby facilities, and the consequential effects of
natural and man-made disasters on nearby facilities.

7. The water pool provides significant retention of fission products
released from the pool.

8. Storage of used fuel is on site, usually in the reactor pool or vessel,
so that shipments of used fuel are infrequent or absent.

All these characteristics mean that the plant can operate with no need f".:
routine operator intervention or presence.

It is clear from this list that the safety of small heating reactors relies
much more on inherent design characteristics, and to a lesser extent on
shutdown systems, than on engineered heat removal, siting or human inter-
vention.

Figure 1 shows how safety is achieved by balancing prevention, protection,
mitigation, and siting, and how each reactor type uses a different mix of
these aspects to ensure public safety. Thus for small heating reactors,
licensing should not only choose from the appropriate elements of existing
research and power-reactor philosophies, but recognize and credit the
increased emphasis on preventing an accident, as opposed to containing it
after fue"1 has been damaged. Swiss regulations for small heating reactorr
reflect much of this thinking [4],
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It is the emphasis on accident prevention which permits both urban siting
and remotely monitored operation. They are not new concepts by themselves.
Both have been accepted for a number of years in Canada for the 20 kW
SL0WP0KE-2 research reactors, on the basis of an inherent design character-
istic: because of the limited amount of reactivity available to the control
system, and the negative temperature coefficients of reactivity, they do
not need an engineered shutdown system and can be left unattended for
periods of up to 24 hours. The SLOWPOKE Energy System's 10 MW heating
reactor retains many passive safety characteristics—for example, decay
heat removal is passive--but because it operates at higher power, it
requires an engineered shutdown mechanism, and in fact is provided with two
separate, independent, and diverse shutdown systems to eliminate the poten-
tial of failure to shutdown for an abnormal event. This redundancy
reflects a philosophy pioneered by CANDU* nuclear generating stations.
Thus the issues raised by small heating reactor licensing are not novel by
themselves, although the combination is.

*CANDU: CANada Deuterium Uranium, Registered in the U.S. Patent and
Trademark Office.



7

In Canada an inter-organizational Small Reactor Criteria (SRC) working
group was formed in 1988 to propose criteria for all small pool-type
reactors (5]. The group comprises four people from organizations in Canada
responsible for reactor licensing or involved in the development or opera-
tion of small reactors: the Atomic Energy Control Board, Atomic Energy of
Canada Limited and McMaster University. Two levels of criteria have been
proposed: the first level forms a safety philosophy, and the second a set
of criteria for specific reactor applications. These criteria are not
regulatory requirements but are being issued for peer review and for
consideration by the sponsoring organizations [6]. The work should be of
value in helping these organizations design and licence small heating
reactors.

3. APPLICATIONS: LARGE CENTRALIZED PLANTS

This section reviews some of the experience with large heating plants and
summarizes actual operation and selected designs. The small heating
reactor experience is covered in Section 4. The discussion is restricted
to water-cooled reactors.

Use of nuclear power for district heating is not new, although most large
facilities to date have been co-generation, supplying both heat and elec-
tricity. In Sweden, a prototype nuclear district-heating plant at Agesta
supplied a Stockholm suburb (Farsta) with 55 MW of heat from 1963 to 1973;
in addition, a turbine could supply about 10 MW of electricity ([7],[8]).
The Stade Pressurized Water Reactor (PWR) in West Germany and the Gosgen
PWR in Switzerland provide low-temperature process heat for industrial
purposes ([9],[10]). The Beznau nuclear power station in Switzerland
supplies nuclear-generated district heat to a number of communities within
a seven-kilometer radius ([10],[11]). In Canada, the Bruce Nuclear Power
development, with eight CANDU reactors, can supply 5 350 MW of medium-
pressure process steam to the nearby heavy-water plants, and for industrial
uses to the Bruce Energy Centre Industrial Park [12]. Co-generation has
likewise been used in nuclear electric power plants in the U.S.S.R.: the
four-unit Bilibino plant in Siberia has supplied electricity and heat since
1974; co-generation is used at both PWR and RBMK-type reactors [10].

Such co-generation facilities have generally followed the safety and
licensing practices of electric power reactors. Of more interest are large
nuclear plants, currently in design or construction, dedicated to district
heating. The ACT-500 program in Gorky, U.S.S.R., is the most advanced: the
twin 500 MW unit is in the latter stages of construction, and will supply
hot water to about half the city [10]. Kraftwerk Union AG in the Federal
Republic of Germany has designed a 100-500 MW district heating reactor [13].
Other designs include: the THERMOS 100-200 MW French reactor [14]; the
100-400 MW Swedish SECURE reactor, a forerunner of the PIUS concept [15];
and the 64 MWt TRIGA power system. A 5 MW experimental reactor prototype
of a 450 MW demonstration reactor is under construction in the People's
Republic of China [10].
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These newer designs have improved safety to reflect their siting near urban
areas. They have more forgiving characteristics, and in general feature
natural circulation, lower fuel ratings and lower stored energies. The
Soviet and German designs are doubly contained in tvo pressure-vessels, the
outer of which acts as both a double barrier to prevent escape of primary-
system fluid (so the core is kept covered even if the first barrier fails)
and as a containment; this is achieved in the SECURE concept by a thermally
coupled pool in which the reactor is immersed. They emphasize passive
decay heat removal for hours and less reliance on prompt human action.

4. SMALL HEATING REACTOR EXPERIENCE

4.1 SLOWPOKE Heating Reactor

To illustrate how the small reactor safety principles discussed in Section 2
are incorporated in a design concept, the Canadian SLOWPOKE heating reactor
will be used as an example.

The main protection against a major release of radioactivicy from the 10 MW
core is the fuel itself. By restricting the maximum fuel temperature in
normal operation and in accidents, most of the fission products are retained
within the uranium oxide pellets, and only a small fraction of tiie fission-
product gases escape to the narrow gap between the ceramic pellets and the
metal sheath. If the sheath should fail, iodine would remain in the large
volume of pool water and a small quantity of radioactive xenon and krypton
could escape to the cover gas above the pool surface. The ultimate release
to the environment from a single sheath failure would be well within regu-
latory limits for normal operation.

Other important safety features of the SLOWPOKE concept (Figure 2) are:

A pool-type reactor avoids the need for a nuclear pressure vessel
and high-pressure piping system.

Operation below 100°C and near atmospheric pressure avoids a large
source of stored energy and loss of coolant by depressurization.

Natural circulation of primary coolant in the pool avoids a loss-
of-primary-flow accident.

Double containment of the pool in a steel vessel and concrete
vault prevents loss of coolant by leakage. An air gap between the
two containers permits both detection and control of leakage.

Slow-moving control devices permit slow-response safety systems.

The negative reactivity effects of coolant density and fuel
temperature attenuate the power transient following control-system
faults.
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The large heat capacity of the pool delays the core temperature
rise following loss-of-secondary coolant flow.

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 and concrete shield. The vapour space between the pool
surface and the cover plate is used to monitor and control gases
released from the pool.

A mechanical shutdown system and a liquid shutdown system are
provided. Both systems are actuated by gravity and each system
has separate dedicated instrumentation for detecting potentially
hazardous conditions.

Long-term decay heat removal is by conduction to the ground
through the concrete wall of the pool.

From this example, we now survey world experience in small reactors.

SLOWPOKE ENERGY SYSTEM

4.2

FIGURE 2: SCHEMATIC DIAGRAM OF THE SLOWPOKE ENERGY CONCEPT

Worldwide Small Heating Reactors

A survey of proposed small heating reactors in the rest of the world shows
similar trends to SES-10. Six proposed designs were examined, as an
example of current international trends. Five of the six reactors are
based on standard designs with safety-related modifications; the sixth,
GEYSER, is a departure from contemporary designs in that it does not use
conventional engineered safety systems or controls. The reactors examined
are listed in Table I. SES-10 is included again, as a reference point.
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Table I

Small Heating Reactors

Designer
Country

Reactor Name Type

Canada

Russia

Switzerland

Switzerland

West Germany

United States
(General Atomics)

SES-10

RUTA [16]

Swiss Heating Reactor
SHR [16, 17, 18, 19, 20]

GEYSER [17, 21]

High-Temperature Gas
Cooled Heating Reactor
GHR [17, 22]

TPS [17, 23]

Cover Pool
Absorber Rod Control

Covered Pool
Be Reflector and
Absorber Rod Control

Pressurized BWR
Absorber Rod Control

Covered Pool
Chemical Control

Pressurized Helium
Cooled Reactor
Absorber Rod Control

Pressurized TRIGA
Absorber Rod Control

The features of most interest are the following:

(i) Negative reactivity coefficient

All six designs take advantage of fuel-temperature feedback.
SES-10, RUTA, and SHR use UO2 fuel; GHR uses TRISO-coated U02

fuel; GEYSER may use either UO2 or Uranium Zirconium Hydride
(TRIGA) fuel; and the TPS uses TRIGA fuel. The SES-10, RUTA, SHR,
and TPS also take advantage of the negative reactivity effect of
the light-water moderator temperature and void to mitigate
reactivity transients.

(ii) Shutdown heat removal

Five of the designs have taken advantage of a large-volume, low-
temperature pool (GHR excepted) and natural-circulation capability
to remove decay heat without needing emergency power sources.
Either the pool is a part of the primary heat-transport system
with natural circulation as the normal operating cooling mode
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(SES-10, RUTA, GEYSER), or a passive connection is made to the
pool on loss of the normal heat removal and natural circulation
used to transfer heat to the pool. Heat is removed from the pool
via normal pool heat loss (SES-10, SHR and GEYSER) or via natural
circulation to a passive heat-removal system (RUTA, GHR and TPS).

(iii) Low operating temperatures

All six designs operate with normal fuel temperatures well below
their failure limit, allowing them to take maximum advantage of
the negative fuel-temperature reactivity feedback without
endangering the fuel. The presence of a large-volume, low-
temperature pool has the additional benefit (SES-10, RUTA and
GEYSER) of mitigating a loss of heat removal such that inherent
features and the normal control system can cope with the event
without need for a safety action.

(iv) Loss-of-coolant susceptibility

As mentioned in (ii) above, five of the designs use the low-
pressure pool as part of the primary coolant system, or provide
passive connection to a pool on loss o£ the primary coolant system
to prevent a loss-of-coolant accident. All six designs are in-
ground facilities. Those incorporating the pool as part of the
primary heat-transport system have double-lined pools (concrete
with steel liner), which, combined with the inground location and
the low pressure, ensures that rapid pool-water loss is incred-
ible. The sixth, GHR, has been designed with a low-enough power
density such that a loss of the helium coolant will not result in
an unacceptable overheating of the fuel.

(v) Radioactivity confinement

All six designs operate their fuel at temperatures well below the
point where significant fission-product release from the fuel
matrix can occur. Failure of a fuel cladding will not result in a
significant fission-product release. Five of the designs take
advantage of the radioiodine and particulate retention capabil-
ities of a water pool. The RUTA reactor also uses fuel with
double cladding to reduce the probability of cladding failure. In
the non-pool reactor, GHR, the fission products are retained in
the fuel up to a fuel temperature of 1800°C, and in the accidents
considered fuel temperatures remain well below that level. All
six designs provide some form of confinement for fission-gas
release, either in the form of a covered pool (SES-10, RUTA and
GEYSER), or a separate concrete structure surrounding the reactor
(GHR, SHR and TPS).



- 12 -

(vi) Safety shutdown systems

Four of the designs have two separate safety shutdown systems with
varying degrees of independence and diversity. The SES-10 and SHR
have a dual-purpose control and safety absorber rod system and a
separate liquid-absorber insertion system. The GHR and the TPS
have a dual-purpose control and safety absorber rod system and a
dedicated safety absorber rod system. The RUTA design currently
has a dual-purpose control and safety absorber rod system but is
considering the addition of a separate liquid-absorber system.
The GEYSER uses flooding of the core from the highly borated pool.
The flooding is passive due to a pressure imbalance between the
core and the pool when reactor power exceeds a predetermined
level.

(vii) External hazards protection

An effort has been made in all designs to protect against external
hazards. The protection varies from a concrete cover (RUTA and
GEYSER), to a concrete cover plus hardened control room (SES-10),
to the emplacement of the facility and all essential equipment
underground in a concrete structure.

(viii) Available excess reactivity

To minimize operating cost an extended core life is a desirable
feature in these reactors. The life varies from 3 to 5 years for
the TPS, RUTA and SES-10 and from 12 to 15 years for SHR, GHR and
GEYSER. A considerable amount of excess reactivity is required to
achieve these targets and an effort has been made to reduce the
amount of this reactivity under the control of movable absorbers.
The designs normally use burnable absorber material to do this.
Efforts have also been made to reduce the size of individual
absorbers to reduce the consequence of a single absorber removal.

(ix) Long period for corrective action

The designs considered have succeeded to varying degrees in
achieving this goal by incorporation of these features.

5. CONCLUSIONS

Small heating reactors offer a safe and economical alternative to fossil
fuel for local municipal and institutional district heating. As a replace-
ment for fossil fuel, they reduce the damage due to acid rain and hydro-
carbon wastes.

The requirements for urban siting and remotely monitored operation lead to
design requirements such as slow rates of change in power aided by stabil-
izing reactivity characteristics, natural circulation and passive decay
heat removal, modest performance requirements for shutdown, lov fuel
ratings and low free fission-product inventories, tolerance to upsets in
operation and minimal dependence on people to ensure safe operation.
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Licensing innovation is required, but modest: precedents from licensing
both power reactors and research reactors can be used in developing a
sensible approach to small heating reactors, and precedents already exist
for items such as unattended operation and urban siting.

When comparing the nuclear option with other energy options, environmental
and safety issues have become as important as cost. Moreover, the public
perception of these two issues has tended to discredit nuclear power and
indirectly add to the cost through increasingly stringent regulations. The
present challenge is to convince the public that the long-term advantages
of an economical non-polluting heat source far outweigh the risks of
nuclear technology.
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