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ABSTRACT

Changes In perspectives on fast reacto
sr.fety have occurred over the past ten years dui
both to technical progress and to the course o
events. The najor aspect of these changes is
that they relate to basic design decisions tha
are largely, but not exclusively, related to
safety considerations. Among the topics
discussed axe inherent safety, choice of fue
between metal and oxide, choice of reactor
configuration between pool and loop, Impact of
size on safety characteristics ard aodularity
containnent options, and treatment of the
Hypothetical Core Disruptive Accident.

I. BACKGROUND

It is clear that aany changes have occurred
in the past decade in our thinking about fast
reactor safety. Huch of this change is not
specific to fast reactors but is applicable to
all reactors and in fact nay have cone about from
considerations other than fast reactors. In ny
presentation today I would like to give ny views
as to the nost significant of the changes but I
vill focus aost of my remarks on issues that are
specific to fast reactors.

The nost inportant change is applicable to
all reactors and is perhaps not a change at all
but rather the reenforcenent of an earlier
realization. This is the full appreciation of
t.ie importance of safety and all '.ts
Implications. It is fair to say that reactor
designers and operators always appreciated safety
in the sense that it waa inportant that their
reactor not be the cause of hara to people or
damage to property. But what was not fully
realized was the pervasive and all encompassing
lnportance of safety considerations, positions,
expectations, and performance to all aspects of
economics and institutional acceptability and
viability including the ability to build and
operate a plant at all. Furthermore, the
vulnerability to safety considerations was not
United to considerations relative Co one's own
reactor plant, or even one's own reactor type but
rather the vulnerability extended to all reactor
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types in all countries. These points were)
further driven hone by TNI and then Chernobyl and
have led to a much greater focus on operational
excellence.

It is against this common b*~kdrop that I
wish to discuss a number of issues in terms of
their specific relationship to fast reactors and
fast reactor safety.

The key event relative to fast reactors was
the cancellation of CRBR and the resulting loss
of focus to the program and the absence of any
firm project to replace it. This cancellation,
however, led to an opportunity to reassess the
prograa, its rationale, mission, and fining.
These questions are still largely unresolved but
have led to a nuaber of new ideas and directions
all of which have a significant safety conponent.
It is sone of the related issues that I wish to
discuss in the remainder of the paper.

II. INHERENT SAFETY

A full appreciation of the importance of
safety led to a much greater focus on excellence
of operation, reliability, quality assurance, andi
systematic probabilistic risk analysis. Clearly
these areas are fundamentals to safety, but they|
are not the total story. Fundamental resctorl
design and its safety characteristics are
complementary factors in ultimate safety.

It is this consideration that leads to the
concept of inherent safety which has been a
driving force in much of the recent fast reactor
program.

The topic of inherent safety has led to much
debate, most of it focused on the wisdom of the
semantics rather than on the substance of thel
concept. I will comment both on the semantics
and the concept. Inherent safety should be
viewed as opposed to "engineered" safety. The
concept of inherent safety relates to safety
characteristics of the system that arei
fundamental to the design because of basicj
physical laws. The definition is admittedly
difficult since it is circuitous and depends on
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the word "Inherent" or its synonyms "intrinsic",
"fundanental". Inherent safety is also sometimes
characterized as "passive" safety i.e., not
needing external power source or action. In any
event, the definition is best given by example,
such as temperature coefficients of reactivity or
decay heat cooling by natural circulation. Huch
of fast reactor safety consideration has focused
on two potential vhole core disruption accidents;
the loss-of-flow without scraa and the loss-of-
heat sink without scraa. The focus on inherent
safety in fast reactors has aainly manifested
itself in designs that have reactivity
coefficients, either normally, or through
provided features (e.g., control rod drives
lengthening with rising sodium temperature to
further insert the rods into the core) that
provide protection against whole core accident
Initiators. Inherent safety has also focused on
features that allow decay heat removal by natural
circulation in the pool and heat transfer through
the primary vessel wall, in order to provide
protection against loss of decay heat removal.

In sone cases such as the above, safety
characteristics are clearly inherent, Just as in
some cases a safety feature is clearly
"engineered". But in some cases the distinction
say be blurred; or the feature may combine
elements of inherency as well as having
engineered aspects. This ambiguity Is of little
relevance since the value of a safety feature
must be based on its full merits, not whether it
is in the inherent or engineered column.

Relative to the debate on inherent safety it
is unfortunate that the debate has focused alnost
totally on the wisdom of the semantics rather:
than its substance of the concept, since thei
semantics are clearly a secondary issue, albeit;
an important one. Relative to the semantics, it
is better from both a semantic and a technical
point of view, to refer to a reactor as having
inherent safety characteristics rather than to
label it as "inherently safe". The latter
connotes absolute safety which is never the easel
in any reactor, although it it hoped and expected]
that inherent safety characteristics will enhance
safety.

III. CHOICE OF FUEL BETWEEN METAL AND OXIDE

The drive toward inherent safety has played
a key role in the consideration of taetal fuel.
Although safety has a key irole in the case for
metal fuel, it is not the exclusive rationale.
The main rationale relates to its perceived
benefits in the entire fuel cycle Including
reprocessing, refabrication and waste treatment.
Metal fuel has become the reference fuel in the
U.S. fast reactor program. Although other
national programs have expressed interest in
metal fuel, oxide fuel remains the reference in
these other programs. Metal fuel has a strong
beneficial role in the potential whole core
disruption initiators and precludes disruption in

some cases where oxide fuel does not. This comes I
about from the much improved conductivity in:
metal fuel and the resultant consequences on thei
Doppler effect. The Doppler effect which has an)
extremely beneficial effect in mitigating large
reactivity increases has a downside effect in
transients when fuel temperature is trying to
drop in that the Doppler effect now comes in with
positive reactivity. Because of its much higher
conductivity and hence much reduced temperatures
gradient through the fuel, the positive Doppler
insertion as power goes down is much lower vith
metal fuel than is the case with oxide fuel. A
further beneficial aspect of the use of metal is
that the superior neutronics allows a system with
little excess reactivity requirements. One must,
of course, consider the full spectrum of metal
characteristics in a variety of potential
accident sequences before reaching a conclusion
on its safety. But so far no detrimental factors
have been found to offset its advantages although
not much work has been done yet In the severe
accident end of the accident spectrum.

IV. CHOICE BETWEEN POOL AND LOOP CONFIGURATIONS

Considerations of pool versus loop design
have led to the conclusion that a number of
safety advantages result from the larger thermal
inertia of the pool. The nuclear part of the
system with Its large thermal inertia is
effectively decoupled from the balance of plant
allowing much longer periods of time for remedial
action if required. Particularly in concert with
metal fuel, reduced heat sink events can be
tolerated without damage. The pool concept
allows emergency heat transfer through the vessel
wall (discussed in next section). The decoupling
of the balance of plant from the nuclear part of
the system gives the potential of major
simplifications in the safety system, with
reduced requirements on systems to be safety
grade. The preference of the pool over the loop
seems to have been established in the various
studies and design efforts since CRBR and now
seems a firmly established aspect of the U.S.
fast reactor program as well as in most other
programs.

V. EFFECT OF SIZE ON SAFETY - MODULARITY

A number of safety characteristics are
dependent on the size of core. This becomes of
particular relevance since some of the recent
design directions (PRISM, SAFR) have been based!
on modular systems (PRISM e.g., nine modules of
approximately ISO MUe each for a full reactor)
plant). Some of the changed safetyj
characteristics are sodium void (generally less
positive in a smaller system), Doppler
coefficient' (generally smaller in a smaller!
system), expansion coefficients related to
temperature (generally larger in a smaller
system), excess reactivity required to compensate
for long term burnup (minimization requires a
core breeding ratio near unity - may be a problem



in smaller system with oxide fuel), ability to!
remove decay heat through the vessel wall (easierI
for small system - nay not be possible fori
sufficiently a large system), and potential
energetics in an HCDA (smaller for a smaller
system). Although the various characteristics
vary with size, studies to date would Indicate
that generally satisfactory characteristics can
be achieved across the full spectrum of envisaged
sizes (say, 150 Mwe to 1500 Mwe).

The major unresolved issue at this stage
relates to the sodium void coefficient. The
question here relates to the need or the lengths
to which one should go in order to minimize the
positive sodium void coefficient or whether one
indeed should, if possible, go all the way to
eliminate it and make the sodium void coefficient
near zero or negative. A corrolary concern is j
that minimization of the positive void
coefficient may adversely affect the minimization
of excess reactivity required for long term
burnup. A tradeoff safety study is then
required.

Some issues related for modularity (e.g.,
common control room for many reactors, startup of
new modules while operating already built
nodules) may not be fully identified since
modularity is an as yet unproven and
undemonstrated concept, although no issues seem
of obvious concern.

VI. CONTAINMENT AND THE HCDA ISSUE

The fact that none of the classic whole core
initiators leads to core disruption in systems
making use of the inherent safety features of
metal fuel and the pool configuration has led
some designers to recommend dispensing with or
altering the secondary containment so that it is
no longer provides the conventional totally
independent (of the primary) conplete containment
boundary. This direction is bolstered by the
argument that heat transfer through the primary
vessel wall can be made more reliable with the
absence of secondary containment, but it also
leads to potential containment bypass. This
again leads to a safety tradeoff consideration.
This issue has not been resolved.

The containment issue has gone before NRC
without a definitive answer but appears to hinge
on the ability to preclude core disruption. In
my view from both technical and institutional
considerations, it appears far-fetched that the
requirement of a full secondary containment will
be significantly weakened in the foreseeable
future, if ever. „ i

I
The issue of containment is directly related!

to perhaps the most persistent issue in fasti
reactor safety - the hypothetical core disruptive
accident. Although a vast amount of technical
work has been done, the subjective question
always remains of how far down in the spectrum of

improbable events one should go in design
considerations.

The regulatory exercises that have takrn
place on recent proposed systems (e.g., PRISM and
SAFR) have made some progress in establishing
criteria for serious accidents. But the
conclusions were not definitive and furthermore
it is not clear whether the conclusions that were
drawn froa the exercises will hold as established
precedent once a reactor committed to be built is
before the NRC. The whole HCDA issue as well as
the related containment issue must be viewed as
quite unresolved and with the resolution
dependent on technical issues only to a partial
degree.

VII. FUTURE DIRECTIONS OF FAST REACTOR SAFETY

The future direction of fast reactor safety
is obviously clouded by the uncertainty over the
future of fast reactors. It is clear that, if
nuclear power has a future as all of us are
convinced it will, considerations of fuel!
resources, environment, and waste disposal willl
be powerful forces toward the inevitable use of
fast reactors. But what the timing will be is
uncertain. It would seem that the case for the,
fast reactor as a breeder is not now persuasive)
politically for near term projects. Whetherj
issues such as global warming or transuranlcl
burning as it relates to waste disposal will give
the program impetus remains to be seen. It is
also unclear whether fast reactors can becomei
competitive in a near term next generation aarketl
should such a market come into place. How all of
this will play itself out will have a bearing on
the pace and direction of fast reactor safety
Including, how some of the open issues discussed
In the previous sections will ultimately be
resolved. But most of the unresolved issues
relate to design directions and not to the'
underlying base technology. Although not all ofl
the base technology is complete, I believe we<
know enough of it to be confident that whatever]
directions fast reactors take, they can and will!
be built in a manner that provides enhanced]
safety. I


