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Appendix A
RANGE OF POSSIBILITIES FROM PASSIVE TO
ACTIVE

When deliberating over the distinctions between
active and passive functions and within these two
categories, it was realized that a spectrum of possi-
bilities exists. This commentary is offered to qual-
itatively address this difficult question.

For components and systems (but not structures)
having safety functions, there must be at least two
states corresponding to the normal function and to
the safety function. Then, to change from the nor-
mal to the safety states :

—there must be “intelligence” such as a signal or
parametric change to initiate action ;

—there must be power and potential difference or
motive force to change states ; and

—there must be the means to continue to operate in

the second state.

A component or system can be called passive
when all three of these considereations are satis-
fied in a self-contained manner. Conversely, it is
considered active if external inputs are needed.

There are, however, other considerations that
must be taken into account because passive has a
connotation of superior performance that cannot be
accepted without evaluation and justification.

These other considerations include :

—reliability and availability in the short term, the
long term and under adverse conditions ;

—longevity ; the equivalent of shelf life, against
corrosion or deformation by creep etc ;

—the requirements for testing or demonstration ;
and

—simplification and man-machine interaction.

From these considerations some broad categories
of passivity can be drawn for qualitative evaluation
and classification. The following categories can be

considered as passive :

Category A
This category is characterized by :

—no signal inputs of “intelligence”, no external
power sources or forces,

—no moving mechanical parts,

—no moving working fluid.

(The no-motion requirement does not extend to
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unavoidable changes in geometry such as thermal

expansion.)

Examples of safety features included in this
category are :

~physical barriers against the release of fission
products, such a nuclear fuel cladding and press-
ure boundary systems ;

—~hardened building structures for the protection of
a plant against seismic and or other external
events ;

~core cooling systems relying on heat radiation
and/or conduction from nuclear fuel to outer
structural parts, with the reactor in hot shutdown
:and

~static components of safety related passive sys-
tems(e.g., tubes, pressurizers, accumulators, surge
tanks), as well as structural parts(e.g., supports,
shields).

Category B
This category is characterized by :

—no signal inputs of “intelligence”, no external
power sources or forces,

—no moving mechanical parts, but

—moving working fluids.

The fluid movement is only due to thermal-hyd-
raulic conditions occuring when the safety function
is activated. No distinction is made among fluids
of different nature(e.g., borated water and air)
although the nature of the moving fluid may be sig-
nificant for the availability of the function per-
formed within this category.

Examples of safety features included in this
category are:

—reactor shutdown/emergency cooling systems
based on injection of borated water produced by
the disturbance of a hydrostatic equilibrium be-
tween the pressure boundary and an external wa-
ter pool ;

—reactor emergency cooling systems based on air
or water natural circulation in heat exchangers

immersed in water pools(inside containment) to
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which the decay heat is directly transfered ;
—containment cooling systems based on natural
circulation of air flowing around the containment
walls, with intake and exhaust through a stack or
in tubes covering the inner walls of silos of
underground reactors ; and
—~fluidic gates between process systems; such as

“surge lines” of PWRs.

Category C
This category is characterized by :

—no signal inputs of “intelligence”, no external
power sources or forces ; but

—moving mechanical parts, whether or not moving
fluids are also present.

The fluid motion is characterized as in category
B ; mechanical movements are due to imbalances
within the system(e.g., static pressure in check and
relief valves, hydrostatic pressure in accumulators)
and forces directly exerted by the process. Exam-
ples of safety features included in this category are :
—emergency injection systems consisting of accu-

mulators or storage tanks and discharge lines

equipped with check valves ;

—overpressure protection and/or emergency cool-
ing devices of pressure boundary systems based
on fluid release through relief valves ;

—filtered venting systems of containments acti-
vated by rupture disks ; and

—mechanical actuators, such as check valves and
spring-loaded relief valves, as well as some trip
mechanisms(e.g., temperature, pressure and level

actuators).

Category D

This category addresses the intermediary zone
between active and passive where the execution of
the safety function is made through passive
methods as described in the previous categories ex-
cept that internal intelligence is not available to
initiate the process. In these cases an external sig-

nal is permitted to trigger the passive process. To
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recognize this departure, this category is referred to

as“passive execution/active initiation”.

Since some desirable characteristics usually
associated with passive systems(such as freedom
from external sources of supply and from required
human actuation) are still to be ensured, additional
criteria such as the following are generally im-
posed on the initiation process :
~Energy must only be obtained from stored

sources such as batteries or compressed or ele-

vated fluids, excluding continuously generated
power such as normal AC power from continuos-
ly rotating or reciprocating machinery ;

Example of safety systems which may be in-
cluded in this category are :

—emergency core cooling/injection systems, based
on gravity driven or compressed nitrogen driven
fluid circulation, initiated by fail-safe logic
actuating battery-powered electric or electro-p-
neumatic valves;

—emergency core cooling systems, based on gra-
vity-driven flow of water, activated by valves
which break open on demand(if a suitable qual-
ification process of the actuators can be identi-
fied) ; and

—emergency reactor shutdown systems based on
gravity driven, or static pressure driven control

rods, activated by fail-safe trip logic.

Concluding Points

The spectrum of possibilities from passive to ac-
tive may well have additional categories. However,
all passive systems must be essentially self-con-
tained or self-supported ; the more self-contained,
the higher the degree of passivity. Other possibili-
ties range to fully active, where all basic functions
are supplied externally.

It should be emphasized that passivity is not
synonymous with reliability or availability, even
less with assured adequacy of the safety feature,
though several factors potentially adverse to per-
formance can be more easily counteracted through
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passive design, On the other hand active designs
employing variable controls permit much more pre-
cise accomplishment of safety functions ; this may
be particularly desirable under accident manage-
ment conditions.

A safety feature ranking in a lower passivity
category is not necessarily less desirable than one
in a higher category designed to perform the same
function ; the difference in a catégorization signi-
fies only a difference in the extent of application

of the passive safety principle.

Appendix B
EXPLANATORY AND SUPPORTING COMMENTS

The consultants’ formulation of the description
of inherent safety was aided by a comprehensive
document on this subject by Trevor A. Kletz of the
United Kingdom (1). This document deals with
safety in the chemical industry, rather than in nuc-
lear plants, is will-written and compelling, and the
concepts presented are receiving wide acceptance
in that industry. Although Kletz never explicitly
defined inherent safety, the present approach to in-
herent safety and inherent safety characteristics
represents the application of Kletz’s concepts to
nuclear plants in a concise way. Reading the Kletz
document is strongly recommended as a means of
achieving a fuller understanding of the implica-
tions of inherent salety. It should, however, be
emphasized that the use of these inherent safety
concepts in nuclear reactor technology is not new ;
for example, in 1961 the inherent safety features of
a pressurized water reactor were described in a
manner fully in accordance with Kletz and the de-
scriptions given here (2).

For the description of the characteristics which
distinguish passive from active componernts given
in this paper, two alternative approaches were
proposed and discussed : the concept of “no exter-
nal mechanical and/or electrical power, signals or

forces” and the concept of “no moving parts”. The
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initial draft from the Vasteras meeting had utilized
the latter concept, but with an accompanying foot-
noted statement indicating the existence of possible
exceptions such as “rupture discs, check valves,
safety valves, injectors and some solid state elec-
tronic divices”. During the discussion of these
alternate approaches, agreement was reached that
rupture discs should be considered passive in spite
of the “moving part”, but that similar acceptance of
check valves, for instance, was difficult for some
members of the group, primarily because of the
feeling that check valves may not be sufficiently
reliable. Further discussion tended toward the view
that the distinguishing feature for passivity should
be based on the principle of operation, rather than
on judgements of reliability. Quality of design, en-
gineering, materials, manufacture, operations,
maintenance, etc., all affect reliability, and it is
thus possible to achieve high reliability(or suffer
low reliability) with either passive or active com-
ponents. The “no external inputs” concept was
therefore preferred, as it required no ill-defined

statement regarding exceptions.
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During subsequent discussion of passive vs. ac-
tive systems, the concept of a series of different de-
gree of passivity was developed. This series covers
a spectrum ranging fron “no moving parts, no mov-
ing fluids” at one extreme to a system meeting the
criteria for passive, after an active initiation. After
further discussion, the series of different degrees of
passivity as described in Appendix A was
accepted. In that appendix, the “actively-actuated”

systems are the lowest category of passive.
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