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Abstract

The description of passive components and systems published by the IAEA
in its TECDOC-626 was developed in the course of a Technical Committee Meeting
held in Sweden and two subsequent Consultants Meetings held in Vienna. This
description is reviewed and discussed in terms of the philosophies behind it,
alternatives considered, problems encountered, and conclusions drawn. Also
discussed is an Appendix to the TECDOC, which illustrates the spectrum of
possibilities from passive to active by describing four typical categories of
passivity.

Subsequent thoughts on passive safety include a discussion of its
advantages and disadvantages, concluding with a summary of current views and
problems with it.

Introduction

The description of passive components and systems published by the IAEA
in its TECDOC-626'15 was developed in the course of a Technical Committee
Meeting held in Vasteras, Sweden, and two subsequent Consultants Meetings held
in Vienna. During these meetings, many proposals for descriptions of the
various terms were offered and discussed, and a series of drafts of the
descriptions that ultimately were published as the TECDOC were prepared,
repeatedly reviewed, and revised. This process iterated both on the
descriptions of the various terms and on the specific terms to be included or
excluded from the document. The process as it relates to passive safety is
discussed here, as it may shed some light on what passive safety is and is
not, and how the term should properly be used. This discussion includes
consideration of alternatives that were suggested, issues that were raised and
resolved, and conclusions that were drawn. Although the author participated
actively in the meetings and discussions, the published description and the
discussions that were part of its development represent the various views of
the participants and the consensus that was reached, rather than primarily the
views of the author.

Participation in this kind of analysis, discussion, and documentation
sensitizes one to the issues and problems and has led to the author's
subsequent observation and consideration of how passive terminology is being
used by others, including particularly outside the nuclear field. Work on
advanced plant designs utilizing passive safety systems subsequent to the
publication of the TECDOC is also leading to a clearer understanding of the
advantages and disadvantages of such systems. Such subsequent thoughts on
passive safety, including current views on it, are also presented below.

Vasteras Meeting Proposals

The author did not offer a specific proposal for describing passive
components and systems at Vasteras, but rather offered a framework within
which a good description should fit, as follows. It should conform with the
common-sense, public understanding of the term; it should agree with usage in
other technologies perceived by the public as hazardous; it should agree with
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common, every day experience such as with automobiles, aircraft, and fire
protection; it should not be at variance with dictionary definitions although
it should include more refinement and specificity than those definitions; and
it should be clear and easy to apply, without ambiguity, and with easy
determinability as to whether any piece of hardware conforms to the
description. Dictionary definitions of passive center around the negative
concepts of "not acting but acted upon" and "not active". Active in turn is
defined in dictionaries as "in-action, moving, causing or initiating action or
change". Previous definitions of passive safety in the nuclear technical
literature included the concepts of coming into action in the event of an
accident without switching operations or additional energy supplies' , or
alternatively without an external and continual energy input except for the
initial activation energy'3'. At Vasteras, the author suggested that active
engineered safety systems depend for their functioning on humans, external
power sources, mechanical or electrical devices, and the like. In contrast,
the functioning of passive systems depends on their inherent or self-contained
properties and the laws of nature. Further, it was emphasized that neither
kind of system is immune to failure'4'.

Other Vasteras proposals of particular interest were those of
Forsberg1 ', Aritomi and Tominaga'6', and Voznesensky and Fyodorov(7). Forsberg
offered the attractively simple concept that passive safety engineering avoids
the use of moving parts. Aritomi and Tominaga distinguished between active
and passive by focusing on whether reliance is placed on external mechanical
and/or electrical signals and forces; this phrasing was ultimately accepted by
the consultants for the description of a passive component in the TECDOC.
While all the other participants appeared to be searching for a single, sharp
criterion dividing active from passive, Voznesensky and Fyodorov offered the
view that passivity has different degrees or stages, depending on which of a
series of criteria are satisfied, with only the higher stages avoiding the use
of mechanical, moving parts. Their suggestion led to the discussion contained
in Appendix A of the TECDOC, which describes the "Range of Possibilities from
Passive to Active".

Description of Passive Component and Passive System

TECDOC-626 provides the following descriptions of a passive component
and a passive system. A passive component is "A component which does not need
any external input to operate". A passive system is "Either a system which is
composed entirely of passive components and structures or a system which uses
active components in a very limited way* to initiate subsequent passive
operation". The asterisk on "limited way" refers to Appendix A of the
TECDOC, which provides some typical additional criteria that may be imposed on
the initiation process:

Energy must only be obtained from stored sources such as batteries
or compressed or elevated fluids, excluding continuously generated
power such as normal AC power from continuously rotating or
reciprocating machinery;

Active components are limited to controls, instrumentation and
valves, but valves used to initiate safety system operation must
be single-action relying on stored energy; and

manual initiation is excluded.

Issues in Drafting of the TECDOC Descriptions

Early drafts of the TECDOC utilized the no-moving-parts concept in the
description of a passive component, but with a footnote which listed
exceptions such as rupture disks, safety valves, check valves, and the like,
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each of which was considered passive by at least some of the consultants.
This approach turned out to be unsatisfying, both because there was
disagreement as to whether a specific component such as a check valve should
be included in the list of exceptions, and because the list of exceptions
appeared to be somewhat arbitrary and perhaps incomplete; i.e., no good
criterion for permitting exceptions seemed to exist. Some of the discussion
of specific components, such as check valves, brought out that the component
may have low reliability, and its acceptance as passive was questioned for
that reason. Further discussion led to the acceptance of passive vs. active
as descriptive only of the principle of operation, without necessarily
implying any judgement of reliability. Even so, the concept of no external
input eventually was preferred for the description of a passive component.

The principal difficulty with the "external input" concept arises from
the interpretation of the word "external", especially how it relates to the
boundaries drawn to-define a component and a system. If one chooses to define
any particular system sufficiently all-inclusive, all component inputs could
be said to be internal to the system, and systems normally considered active
would fit the description of passive. For this reason, the description of a
passive system was formulated in terms of consisting of passive components,
rather than directly in terms of external input to the system. This led to
the further question of whether it might not be desirable to develop a further
term and description for certain systems which appear to the outside observer
to have all the properties of being passive, but which on close examination
are found to utilize active components. Several drafts of the TECDOC included
the description of such automatic systems under the term "self-acting system";
i.e., without explicitly using the word passive. This description was finally
deleted from the TECDOC as it was thought that self-acting was not widely
used; as discussed in the penultimate paragraph of the Introduction to the
TECDOC, it was desired to avoid the coining or promoting of new terms through
the TECDOC. Nevertheless, from the point of view of human factors
engineering, such self-acting systems exhibit the distinctive feature of
passive systems of not requiring human intervention.

Advanced designs which have been termed "passive plants" are under
development in the United States and to some extent also in other countries.
These designs make much greater use of passive safety systems and therefore
represent important lines of further development. They do not, however, use
purely passive components exclusively for all safety functions; to attempt
such use would be extremely difficult or perhaps impossible and would probably
not be desirable in terms of the overall performance of the designs. Some of
the safety systems of these designs use external signals in certain limited
ways to initiate their subsequently purely passive operation; this is covered
in the IAEA description of a Passive System in general terms and is described
specifically in Appendix A of the TECDOC under the heading of Category D. The
philosophy underlying this, as discussed in the Appendix, is that a spectrum
of possibilities exists between passive and active, rather than an absolutely
sharp and clear dividing line. Although the Appendix describes four different
categories of passive systems, these were considered illustrative only, and
the possible existence of additional categories was indicated.

Subsequent Thoughts

After the drafting of the TECDOC, the author became aware of the fact
that in automobile safety in the United States, the term "passive" is now
formally and legally defined as automatic; i.e., as synonymous with the term
"self-acting" as described previously. For example, automobile insurance
discounts are offered for Passive Restraints or Passive Belting Systems, which
are defined only as automatic and which have numerous electrical and
mechanical components that are actuated and powered through means external to
the systems. This suggests that an additional Category E could be added to
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the Appendix of the TECDOC for this kind of system, as being in the
intermediate zone between fully passive and fully active.

The advantages and disadvantages of passive safety from the point of view of
the designers of passive plants is becoming clearer, as more experience is
gained with the design and licensing of plants utilizing passive safety
systems. The most-important advantages are that passive systems are not
vulnerable to external failures, such as failures of power sources, and that
they are less subject to human errors of omission. They also can be designed
for less need of operator intervention during accidents (longer grace periods)
and usually permit greater simplification. A still unresolved licensing
question in the United States is whether active systems performing safety
functions need to be safety grade, if they are backed up by passive systems on
which ultimate reliance for safety is placed. Countervailing disadvantages of
passive systems as opposed to active ones include weaker driving forces which
result in quantitative uncertainty in flows and perhaps just enough safety
action rather than generous margins, more difficulty and time to restore
normal operation after their actuation, bulkier equipment within containment,
in some cases better protection of the public than of the plant investment,
and in some cases inherent limits on the unit size of reactor if the effective
functions of passive safety are to be retained.

When passive safety began to be strongly promoted a few years ago, it
was also generally offered as a means to enhance public acceptance of nuclear
powerplants. The work of Bisconti'8' has shown that the public reaction in
the United States to passive safety systems is more negative than positive.

It is thought that rather than associating this term with its technical
advantages, the public perceives it as identified with lazy, lethargic, or
doing nothing, and probably feels that active protective measures should be
undertaken in the event of an accident.

Concluding Remarks

Some passive components and systems have been used in nuclear reactors
since the earliest reactors built; there can be no question about the
feasibility of most such applications. In recent years, proposals have been
made for new, radically different, and much broader applications of passive
safety systems. Although questions of feasibility may credibly be raised with
respect to some of these proposals, it is thought that on the whole most such
applications are technically feasible and that the more important issue is
whether such applications are technically and economically justified in
comparison to alternatives employing less or even no passivity.

The different categories of Appendix A of the TECDOC were intended to
illustrate the concept of the spectrum of possibilities from passive to
active; they were not intended to be (and are not) either all-inclusive or to
be used for applications such as categorization of specific systems. Such
categorization could be misused for promotional purposes or even worse, as
regulatory considerations. Passive safety should be viewed as an engineering
tool -- one of a number of possible solutions to an engineering problem, not
necessarily the only or the best one. Passive safety should not become an
engineering or regulatory objective for its own sake. Hence, a fully passive
plant (e.g., relying only on the highest or higher categories of passivity of
Appendix A) may not even be desirable -- even if achievable, which is very
doubtful.

The best use of passive safety systems appears to be for ultimate
protection; the first line of defense is usually better served by the systems
used for normal operation, which are usually active systems.
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