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uclear reactors are designed to operate
Nin an inherently stable manner during

normal operating conditions. Stability,
in this sense, refers to the tendency of certain
reactor parameters, and especially the reactor
core power, to reach a new value, without
excessive oscillation, after the operation of the
reactor and its systems is disturbed during a
transient incident.

Since the first boiling water reactors were
designed, over 30 years ago, it has been
recognised that their operation under certain
conditions of power and flow could cause
oscillations of the power level. These power
oscillations can take a variety of forms, from
very local power peaks causing no damage, or
only slight damage to just a few fuel rods, to
large core-wide oscillations where entire
segments of the core can operate
independently of one another, with attendant
wide power swings.

Boiling water reactors, of which there are 8l
producing electricity in nine OECD Member
countries, operate in accordance with limits
defined by an operating map, which describes
the acceptable operating conditions for the
core in terms of coolant flow rates and power
levels. Figure 1 is an example of an operating
map, and the marked locations on the map
indicate the conditions under which
instability events have occurred in a variety of
plants. Considerable research was performed
to better understand the principal operating
parameters that contribute to the initiation of
these oscillations, and guidelines were
developed to avoid plant operation under the
most unstable conditions. The precise
conditions could not be absolutely defined,
but there was sufficient understanding of them
that the region of instability could be generally
avoided, with only minor examples of
instability events.

More recently, though, several reactor events,
and especially one that occurred at the La
Salle Nuclear Power Station in the U. S. in
March 1988, have instigated a re-examination
of BWR instability characteristics and
consequences. Discussions began among
reactor vendors, BWR owners, and regulatory
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agencies to explore the phenomena associated
with oscillations during normal operation, and
large oscillations during a certain transient
incident known as an "anticipated transient
without scram". These conditions were
determined to be the significant areas
requiring further investigation as a result of the
La Salle event, and analysts have continued to
explore ways of improving the tools and
knowledge for understanding these situations.
Figure 2 (next page) illustrates the way reactor
power can oscillate, as determined by
computer simulations of the reactor core
power during a transient.
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Figure 1 An example of an operation map, indicating the
conditions under which instability events occur

As part of its work in the area of nuclear safety
and fuel performance, and in response to these
efforts, the NEA recently organised an
international workshop on BWR stability with
the participation of analysts and researchers
from reactor vendors, utilities, and
governmental organisations, to enhance
international attention to common problems
and their resolution. Over 100 participants
from 12 OECD countries attended the
workshop, which was hosted by Brookhaven
National Laboratory in the United States.

With regard to technical understanding of the
phenomena, the participants agreed that
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Figure 2 The operation of boiling water reactors (BWR) under certain conditions of power and flow could cause oscillations of the

power level.

the causes of instability appear to be well
understood, but there are many variables
involved, and their correlation with instability
conditions is not always certain. Most codes
claim to be capable of predicting oscillations
and unstable conditions, based on post-test
analyses of data from actual events, but there
does not seem to be any way of accurately
predicting an instability event before it occurs.
Consequently, reactor owners have decided
that the best course is to avoid, with sufficient
margin, certain regions in the power-flow
range where conditions of instability are
known to exist.

The meeting concluded that the safety
significance of BWR instability is rather
limited, and current estimates of plant risk do
not show it to be a dominant contributor. This
is because the installed plant protection
systems will shut a reactor down if the
oscillations exceed power limits, and any fuel
damage that might occur will be localised and
containable. However, it was also agreed
that an instability event could increase

uncertainties in the human error rate, because
operators who have never experienced such an
event may take actions that are not necessarily
appropriate. In addition, although an
instability event may not cause any harm to
the public, it may cause some fuel failures,
which are of concern to a reactor owner for
economic reasons and for reasons of excessive
radiation exposure to the operating staff.

For the future, the participants agreed that
international comparison exercises would be
worthwhile, in which analysts would attempt
to predict an instability event using different
tools. Italy tentatively offered a thermal-
hydraulic test facility (PIPER-1) for this
purpose, but several participants suggested
that a test without actual interactions in a real
reactor would be of limited value. Inasmuch as
reactor owners are reluctant to propose the use
of their facilities for such tests, and regulatory
authorities are reluctant to approve them,
further study of this topic will continue to be
performed in non-nuclear test rigs and in

computer simulations. D
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WORLD NUCLEAR POWER CAPACITY

energy production worldwide continued
to grow, as ten new power reactors came
into operation. This brought the world’s total
number of nuclear power plants for electricity
production to 424, spread out in 25 countries.
Total generating capacity of nuclear plants has

I n 1990, installed capacity for nuclear

now reached more than 324,000 megawatts.
(Source: IAEA Press Release (PR91/3-30/01/91).)

The following table presents the situation as of
31 December 1990.

Preliminary list of numbers of nuclear power
reactors in operation and under construction,
as of December 31, 1990, with figures in
parentheses representing total net MW (e):

Reactors in Reactors Reactors under Reactors
operation connected to construction shut down
the grid
Country
Argentina 2 (935) 1 (692)
Belgium 7 (5500)
Brazil 1 (626) 1 (1245)
Bulgaria 5 (2585) 2 (1906)
Canada 19 (13066) 1 (881) 3 (2643)
China 3 (2148)
Cuba 2 (816)
Czechoslovakia 8 (3264) 6 (3336)
Finland 4 (2310)
France 56 (55778) 3 (3940) 6 (8305) 2 (750)
Germany 25 (23281) 6 (3319) 5 (1537)
Hungary 4 (1645)
India 8 (1594) 1 (220) 6 (1320)
[ran (2392)
Italy 2 (1120)
Japan 41 (30917) 2 (1617) 10 (9012)
Korea, Rep. of 9 (7220) (1990)
Mexico 1 (654) (654)
Netherlands 2 (508)
Pakistan 1 (125)
Romania 5 (3125)
South Africa (1482)
Spain 9 (7064) 1 (480)
Sweden 12 (9817)
Switzerland 5 (2952)
United Kingdom 37 (11506) 1 (1188) 2 (242)
USA 112 (100630) 2 (2299) 1 (1165)
USSR 47 (35155) 1 (925) 25 (21255)
Yugoslavia 1 (632)
Total 424 (324496) 83 (66421)

Note: The total includes 6 units in operation in Taiwan, China. (Some figures are subject to official confirmation)
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SURVEY OF REQUIREMENTS FOR
REACTOR OPERATIONS AT LOW-
POWER AND DURING SHUT-DOWN

The potential risk associated with low-power
and shut-down activities that have recently
been brought to light in risk assessments and
incident reports in NEA Member countries has
prompted the NEA Committee on Nuclear
Regulatory Activities (CNRA) to prepare a
survey on each country’s regulatory
requirements in this field ; the rationale for
each requirement; the improvements that have
been made, the events or studies that led to
those improvements; and the indications of
the effectiveness of the improvements.
Questions concerning the application of
probabilistic safety assessments to this
problem will also be included.

The results of this survey will be studied at a
forthcoming session of the CNRA.

NDC REVIEWS PRIORITIES

The Committee for Technical and Economic
Studies on Nuclear Energy Development and
the Fuel Cycle (NDC) held its 27th meeting on
16th and 17th January. As well as reviewing
work in progress by the Secretariat and
developments in Member countries, there was
a discussion of priorities for the 1992
Programme of Work. High priority was given to
a symposium to explore the supply of
qualified manpower and of nuclear grade
components and equipment; there are
suspicions that shortages may emerge which
could render difficult any relaunch of nuclear
power programmes.

Credit: ABB Atom.

Boiling Water Reactors, Units 1, 2 and 3, at Barseback, Sweden.
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Emergency Preparedness for Nuclear-Powered
Satellites

Governments have been prompted by several
past incidents to develop emergency planning
and preparedness measures in relation to the
accidental re-entry of nuclear-powered
satellites (NPS) into the atmosphere. This
report by the OECD Nuclear Energy Agency
describes nuclear power sources used in
satellites, characterizes the environmental
consequences of past accidental re-entries by
NPS, and reviews international co-operation
and national emergency planning practices in
a number of countries. Guidelines are
proposed to further strengthen emergency
planning.

103 pages

ISBN 92-64-13352-6

£11.00 US$ 19.00 FF 90.00 DM 35.00
¥ 3200

The OECD/LOFT Project — Achievements and
Significant Results
(Proceedings of an Open Forum, Madrid 1990)

The Loss-of-Fluid-Test (LOFT) facility in the
United States was the object of an
international research project undertaken by
some of the Member countries of the OECD
Nuclear Energy Agency from 1983 to 1989. It
was the only reactor test facility in the world
to use nuclear fuel and to allow a complete
simulation of the most serious kind of nuclear
accidents, those which involve the loss of
coolant from the reactor.

The OECD/LOFT project has enabled scientists
and engineers to better analyse the phenomena
associated with severe reactor accidents, and
made significant contributions to their
prevention and mitigation. The Open Forum
presented the accomplishments of the project
in the context of the overall evolution of
nuclear safety and of the benefits of
international co-operation in nuclear research.

430 pages

ISBN 92-64-03339-4

£27.00 USS$ 47. 00 FF 225. 00 DM 88. 00
¥7900

In Situ Experiments Associated with the
Disposal of Radioactive Waste

(Proceedings of the 3rd NEA/SKB Symposium
on the International Stripa Project, Stockholm,
1989)

The International Stripa project was launched
in 1980 under the auspices of the OECD
Nuclear Energy Agency at the disused Stripa
iron-ore mine in Sweden to study the ability of
crystalline rock to isolate radioactive waste.
This is the third in a series of proceedings
from Symposia held since then to review
progress in the three main areas covered by the
Project: 1) the development and improvement
of site assessment methods and concepts;
2) characterization of the Stripa granite and
validation of concepts for groundwater flow
and radionuclide transport through fractures;
and 3) techniques and materials for the
engineered sealing of possible groundwater
flow paths through crystalline rock.

330 pages

ISBN 92-64-03333-5

£ 25.00 US$ 45.00 FF 210.00 DM 82.00
¥ 7400

GEOVAL-90 — Validation of Geosphere Flow
and Transport Models
(Proceedings of NEA/SKI Symposium)

It is planned to dispose of high-level radio-
active wastes in deep geological formations. To
assess the long-term safety of radioactive waste
disposal systems, mathematical models are
used to describe groundwater flow, chemistry
and potential radionuclide migration through
these formations. Establishing the validity of
such models is important in order to obtain the
necessary confidence in the safety of the
disposal method. The papers in these
proceedings of the GEOVAL-90 Symposium
describe the current state of knowledge on the
validation of geosphere flow and transport
models.

680 pages

ISBN 92-64-03343-2

£50.00 US$ 88.00 FF 420.00 DM 165.00
¥ 15000
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Nuclear Energy — Communicating with the
Public

Information and communication with the
public often appear to be the "Achilles' heel" of
nuclear energy, despite the considerable effort
devoted to them. This report is based on the
conclusions of several workshops organised by
the OECD Nuclear Energy Agency for public
information specialists. It discusses the
principles and practices leading to better
communication with the public in four nuclear
energy fields: radiation protection,
radiological emergencies, routine operation of
nuclear plants and radioactive waste
management.

96 pages

ISBN 92-64-23456-X

£11.00 US$ 20.00 FF 95 00 DM 37.00
¥ 3300

Public Information on Nuclear Energy
(Proceedings of an NEA Symposium, 1990)

The future role of nuclear energy in the energy
policies of industrialised and developing
countries will be closely linked to the creation
of a climate of confidence between the
authorities and the public, based on clear and
comprehensible information and the
establishment of a meaningful dialogue. These
proceedings present the discussions of a
workshop devoted to public information, four
years after Chernobyl, and to new aspects of
communication regarding nuclear energy in
OECD Member countries.

340 pages

ISBN 92-64-03341-6

£18.00 US$ 32.00 FF 150 00 DM 58.00
¥ 5300

Free iublipations

Paris Convention — Decisions, Recommen-
dations, Interpretations (1990)

Occupational Dose Control in Nuclear Power
Plants — An Overview

Nuclear Waste Bulletin, No. 5, June 1990 —
Annual

Coordinated Research and Environmental
Surveillance Programme Related to Sea
Disposal of Radioactive Waste (CRESP) —
Activity Report 1986-1990

The International HYDROCOIN Project,
Level 2: Model Validation

Disposal of Radioactive Waste — Can Long-
Term Safety Be Evaluated ?
An International Collective Opinion

NEA Issue Brief No. 7, December 1990 — Small
and Medium Reactors (SMRs)

Influence of Seasonal and Meteorological
Factors on Nuclear Emergency Planning
(Report by a Group of Consultants, 1991)

Disposal of Radioactive Waste — The
International Probabilistic System Assessment
Group — Background and Results (1991)
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