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The current state of knowledge with respect to the analysis of potential accident
(sequences In fast breeder reactors and the understanding of associated accident plienom-
fi-a, IIH well iiH Implications to reactor design, are reviewed.

(Safely, breeders, fast reactors), LMFBH, accidents, recrlt Icnlity)

General Considerations

Safety la generally acknowledged to be one of the
kev Items in feasibility consider.itlons on the fast
Dri'i'der ruactor, if for no other reason, for reasons
•*t public acceptance. In assessing the safety of any
teilmolugy one must realize that safety is not an ab-
solucc, but that it must be related to a reasonable
int^rprecation of how safe is safe enough.

lu most other technologies the perception of safe-
ty generally *ield is based on experience. But reactors
are properly thought to be different due to the poten-
tial o£ the lov probability high consequence event.
Much of my discussion will relate to considerations on
the bounding acrident.

My remarkb will be made in the framework of the
sodium cooled, oxide fueled fast breeder, or as gen-
erally referred to, the liquid metal fast breeder
reactor (LMFBR). Most of the discussion will also be
applicable to other fast breeder types, e.g., gas
cooled (GCFR), or carbide fueled systems.

The fast breeder safety program has ween developed
within the framework of safety design and evaluation
chat evolved in this country over a period of years,
This approach can be expressed in terms of three levels
of Bafety. At the risk of oversimplification, Level 1
cay be characterized as "building and operating it
right"; Level 2 as the incorporation into the design of
features to detect, prevent, and mitigate thd effects
of foreseeable malfunctions; ar.d Level 3 as the provi-
sion of additional safety protection for the public in
the event of severe hypothetical events arising from
unforeseen low probability events and failures in
Levels 1 or 2.

The objectives of the safety program, which in-
cludes both the development of the technology and the
incorporation of this technology into the design, con-
struction, and operation of fast breeder reactors, are
the following:

a. Enable tht designer to demonstrate that the
probability of any major accident la negligibly small
and ChaL minor accidents and mishaps cannot escalate
into a major occurrence.

b. Demonstrate that the contdnment, design, and
site selection will be adequate to protect public
health and safety.

z. Enable the designer to demonstrate that the
probability of minor accidents ia sufficiently small to
not present any hazard to the operators of the plant.
One must also sufficiently minimize the economic con-
sequences of such minor events.

d. Develop improved engineered safety features
and Instrumentation.

e. Resolve public concern to the satisfaction of
knowledgeable critics, or perhaps to put it bettir,
obtain public acceptance. Actual safety is not enough.
Also, a general perception of safety must hold.

The essential aspect of fast breeder reactor safe-
ty design is that the probability of significanr re-
lease of radioactivity must be made vanlshingly ftmall.
This assessment of safety must be one that is not only
held to be true by the designers and operators, but
one that is also generally accepted by regulatory bod-
ies and responsible critics of nuclear power.

Reactor Charactc'risrich- Affecting Saft;ly

The main relevant characteristics for I.MFHKs
include:

A small prompt neutron lifetime. This has
been shown to be not important if there is
a prompt negative feedback (which there Is
through the Doppler effect) and if there is
no autocatalytic phase during disassembly
(none have been found).

A small effective delayed neutron fraction.
This has been ehoun to be not quantitatively
significant.

A compact core with a high power density
and a high Plutonium content.

A coolant neai atmospheric pressure, we'J
below its boiling point, with excellent
heat transfer properties, but the potential
for thermal interaction with hot material.:
(fuel or clad) must be considered.

A chemically reactive coolant.

Inherent reactivity coefficients - Doppler
and sodium void coefficients.
Doppler effect - its significance is firmly
established; ltt magnitude does not matter
too much if it is as large as believed cer-
tain for systems of interest.
Sodium void coefficient - more positive for
larger systems and therefore more of a problem.

A core whose geometric configuration can be
made more reactive by coolant, fuel, and clad
relocations.

The laBt point should be emphasized. One key fac-
tor causing our concern over core meltdown is the rec-
ognition that the intact core is not in its most reac-
tive configuration. Reactivity may be added from fuel
or clad relocation, or from coolant voiding. Unlike
water reactors, LMFBRs are very sensitive to dimension-
al changes or relocations. Reactivity additions, un-
less pronptly offset by scram, tend r.o bring the



reactor to a threshold where they may continue to full
core meltdown. Also, it la sometimes difficult to
Bhow a clear-cit subcriticality following an accident
disassembly without a massive fuel removal. This
raises tha issue of recriticality.

In the event cf a core disruptive accident, con-
sideration of a possible recriticality subsequent to
the Initial core disruption, has received much atten-
tion recently. Detailed analyses of the early phases
of hypothetical accidents Indicate that the initial
disassembly may not be severe enough to permanently
disassemble the system and therefore the possibility
of later recriticality arises. The major concern
relates to establishing che upper limit of severity of
the disassembly following the recriticality phase.

Structure of Fast Reactor Safety Field

In view of the complexity of safety considera-
tions, it is obviously necessary to have some frame-
work t>? organize the field. Generally we do safety
assessment in two complementary ways; by way of acci-
dent delineation and by way of the study of accident
phenomena. It is useful and it turns out to be pos-
sible to consider reactor safety in the framework of a
reasonably small set of accidents. In each of the ac-
cidents we ttiun follow the scenario through various
phenomena. These phenomena may be reached through a
branch point or thresholds. The various phenomena are
frequently duplicated among different accidents. For
example, such phenomena as fuel motion, clad motion,
coolant motion, and fuel-clad-coolant interactions
arise, in perhaps somewhat different conditions but
also with generic resemblances, in the different ac-
cidents and, therefore, form suitable subjects for
investigations somewhat independently of specific acci-
dent . Much of the safety work in actual performance
is structured on these accident phenomena.

Among the small set of accidents that allow us to
assess the safety of a fast reactor system, we gener-
ally include the loss of flow accident, the transient
overpower accident, aud the fuel element, including
subassembly to subassembly, propagation accident. In
order for such a small set of accidents to be reason-
ably representative for assessment of potential whole
core accidents, it is necessary to treat these acci-
dents in a generic way.

The scope of required safety studies is broad.
Some of the contributing factors are:

(1) The scope of fast reactor safety must begin
with and include all of the possible parameter ranges
characterizing normal behavior. It must also address
behavior characterizing all potential off normal condi-
tions.

(2) In the accident scenario, we frequently find
that ut come tn branch pointB where slight changes in
either accident or design conditions could send us off
into totalty new regimes of phenomena. Considerations
as to the uffects of uncertainties thus attain much
greater importance and further complicate the problem.

(3) We must follow accident sequences to their
final end point of a coolable and subcritical configu-
ration. This may carry us into additional areas in the
accident scenario.

(4) Different size systems could lead to very
different accident scenarios as could different fuel
or coolant types.

Accident Sequences

In accidents, we look at things that can go wrong
and the things that can be postulated to go wrong are
unlimited. We, therefore, must categorize within ge-
neric classifications. One characteristic ingredient
of most accidents is a mismatch between power and heat
removal capability. One major example 1 B the reactiv-
ity transient, from any cause, which causes the power
to go up. "Tne other mjaor example is that heat remov-
al capability Is reduced, e.g., pump failure, pipe
rupture, or flow blockage. One class of accident not
necessarily Involving overpower or undercooling is
that of fuel failure, e.g., pin failure.

Another major categorization of accidents is be-
tween that of the whole core event and that of the
local event, e.g., a subassembly event. A local event
could, it*, principle, progress to a whole core event.
Examples of whole core events are overpower transients
or pump failure. An example of a local event is a sub-
dssembly flow blockage. An overpower evc.it would not
be a local event unless a small region o': the core has
the wrong enrichment. Another example of a local
fault is a pin failure, which in principle could prop-
agate to a full subassembly and perhaps even to the
whole core.

Moat of thii accident analysis work is clone with a
mechanistic approach. In this approach we describe as
realistically as we can the sequence of the accident
as we believe it actually would occur under the hypoth-
esized conditions. We seek experimental validation at
each step of the way from both out-of-pile and in-pile
experiments thus testing the validity of each of the
relevant models used in the accident analysis. It is
only after these individual parts, as well as some
synthesized aspects of the entire accident sequence
have been validated by integral experiments that we
can assume some validity to the entire accident analy-
sis methodology. For the most part, however, it would
probably be excessively optimistic to believe that the
mechanistic approach gives highly precise answers. In
those instances where the geometry still remains in-
tact, we have reason to believe that our methods may
be quite good and, therefore, the mechanistic approach
might be quite accurate, for example, in establishing
a threshold of failure or a threshold of the onset of
sodium boiling. When we get into the regime of dis-
rupted geometry our uncertainties are so great that it
Is unreasonable to believe that the mechanistic ap-
proach can give quantitatively accurate answers. It
is nevertheless still extremely useful for providing
insight into the behavior of the system and for pro-
viding a tool for comparison of experiment with theory.

An alternative to the mechanistic approach is the
bounding methodology. Here we do not necessarily at-
tempt to trace the course of the accident as we be-
lieve it will occur but rather make extremely conserv-
ative assumptions which are perhaps not even related
to possible physical behavior but are such that they
give an upper bound to the severity of the accident.
Here we must note that conclusions regarding worst
caseB may frequently require very subtle considerations.
Because an accident that takes a branch point which at
the moment seems to be in a less severe direction may,
due to subsequent phenomena that it encounters, such
as, for example, a later recriticality, turn out to
have been worse.

A third approach, which has both overlapping and
complementary features to the previous approaches is
the probabilistic methodology. Here we introduce the
concepts of probability for events happening and also



probability for various consequences resulting from
specific events. Us can use the latter probability
distributions both for accounting for calculational
uncertainties or for natural distributions in the re-
sults chat might result from specific initial condi-
tions.

The general approach relative to the bounding ac-
cident la to choose several hypothetical accidents to
establish nn envelope of design requirements covering
unforeseen events. Typical accidents which might be
considered are: (1) the transient overpower with
failure to scram and (2) the loss-of-flow, e.g., loss
of pump power and pump coastdown, with failure to
scram. It should, of course, be noted that should the
reactor scram or shut down, as it is designed to do
with extremely high reliability, that the event would
have been terminated benignly. Severe events can be
postulated to occur only by such compounding of fail-
ures.

As an example, let us follow the accident sequence
(as given by current analysis techniques) resulting
from a pump coastdown without scram in a moderate sized
fast reactor. (The moderate size manifests Itself in
the absence of a significant positive reactivity re-
sulting from sodium voiding.) The sequence of events
leads to a slow but progressive melting of the core.
The specific sequence is as follows: The flow coasts
down and perhaps 15 seconds later sodium starts to
boil. The power has remained near full power in the
absence of scram. After the sodium boils, the cladding
melts, and then fuel begins to melt. The subajsemblies
successively progress through the stages of coolant
voiding and melting, but the pressures generated are
toe low to cause a massive dispersal of molten fuel
from the core region. The subassembly duct walls melt,
and a growing region of molten fuel and steel begins to
form in the hottest portion of the core. Enough local
axial fuel dispersal has taken place by this time to
lower the reactivity and to bring the reactor subcriti-
cal. Extended fuel dispersal is inhibited by blockages
that form near the axial ends of the core because molt-
en core materials refreeze in the colder regions near
the axial endB. Continued decay heating causes fur-
ther core melting and also causes the melted core
materials to boil up and fill the available volume.
If paths are available through the upper structure,
material will begin to be ejected into the upper sodi-
um pool. If the passages are blocked rapid melting
attack on the upper structures will begin, allowing
passages to be opened for ejection of molten core mate-
rials Into the above-cora sodium. This upward fuel
removal should occur on a time scale that is short com-
pared to the time required to iielt down through the
lower subassembly structure. If this ejection occurs
as a result of the boil-up mechanism, it should have
little or no damage potential. The materials will mix
with the above-core sodium pool and come to rest upon
the upper vessel surfaces where they may be coolable
depending on the design. The remaining core materials
will eventually come to rest on lower vessel surfaces
where they also may be coolable. Needless to say, the
accident sequence may be very dependent on design
details.

Similar kinds of analyses can be made for other
postulated accidents, such .is transient overpower with-
out scram. The details of the accident sequence would
be quite different.

It should be kept In mind that at the current
state of the art, a number of uncertainties still exist
in the analysis. Much of the work being done in the
safety field Is aimed at removing these and siciiler
uncertainties. We should also kuep in mind that there

may be major differences in the accident sequence be-
tween different sized systems or different fuels. In
particular, the ability to cool the molten core debris
in-vessel becomes progressively more difficult as the
size of the core goes up (since the size of the vessel
and surfaces within it on which core debris may be
spread and cooled do not go up commensurately).

In the previous example, the analysis proceeded on
the basis that disrupted core material would be basi-
cally dispersive and would not be prone to slump or
compact causing recrlticality. It is the current best
judgment that the dispersive mechanism would dominate
and that rectiticality would not occur.

It is obvious that we need to obtain validated
models for the various phenomena encountered in the
fast reactor accidents. These include areas of fuel
motion, clad morion, coolant motion, fuel-coolant
interactions, and questions related to the sweeping out
or conversely, the plugging or freezing of fuel and
clad as they leave the core. The major analytical tool
required relates to obtaining a methodology for han-
dling neutronlcally and hydrodynamically extended mo-
tions of muterials. The usually applied perturbation
theory may not be applicable for neutronic calculations
in largely distorted geomi'.try. Similarly, the material
motions have to be handled during fuel, coolant, and
clad removals and re-entries. Frequently such
re-entries would be occurring not under classical hy-
drodynamic forces but through such mechanisms; as frozen
material gradually heating up and dropping back into
the system* Pressure drivea motions due to fuel and
steel interactions with sodium would also have to be
accounted for, if present, although currently such is
not believed to be the case.

An additional important required calculational
tool relates to the analysis of the non-coherent be-
havior, of such items as sodium voiding and clad
melting, within the fuel assembly as a result Df tem-
perature gradients within the subassembly. Such
temperature distributions may be the result of the
over-cooling of the outermost rows of the pins In the
subaaaembly, or possibly relate to skewed power distri-
butions over the subassembly.

Technology Areas

Host of the substantive safety research and devel-
opment is performed in connection with the study of the
technology areas related to phenomena that occur during
hypothesized accident sequences. Only with an under-
standing of these phenomena can one hope to accurately
describe the sequence of the accident and gain appro-
priate insight into It. The phenomena studied include
the following:

Fuel Element Failure Propagation
Fuel and Clad Dynamics
Coolant Dynamics
Fuel Coolant Interactions
Post Accident Iteat Removal
Structural Dynamics
Material Properties
Meutronics

Fuel Element Failure Propagation

Thio area is concerned with the basic phenomena
that influence fr.el failure and the propagation from
pin to pin and possibly subasBcmbly to subasRembly.
Information from both in-plle and supporting out-nf-
pile experiments provide explicit input to the develop-
ment of analytical modelB needed to predict the effect
of local abnormal '.ties In Uquid-metal-cnoltd f«Ht



reactors. Included are: the determination of the in-
fluence of reactor design parameters and operational
malfunctions on fuel failure; the measurement of the
senaltivity and response of protective Bystem sensors
to the failure causative conditions; the investigation
of fuel pin failure thresholds under abnormal opera-
tion; the propagation of single-pin failures to sur-
rcunding pins; and the notenti&l propagation of damage
beyond the boundaries of a single subassembly.

In thlu area the key remaining problems Co be re-
solved relate to the iHsue of subasBembly-to-PubaBsem-
bly propagation. We feel reasonably confident that
pin-to-pin propagation or local fault propagation Is
not a serious concern, although some loose ends remain.
However, rh« subassembly-to-subaaseably problem remaine
with us. Tte key issue is whether such propagation -an
occur rapidly enough to pose a aerious difficulty un-
less special instrumentation is inserted into the cors
to detect incipient aubassembly blockage and meltdown
prior to its complete occurrence.

Fuel and Clad Dynamics

This area is concerned with the basic phenomena
involving fuel element failure and fuel and clad mo-
tion. An understanding is sought of the fuel failure
thresholds and failure mechanisms which involve fuel
£.nd clad melting and subsequent motions, under power
excursion ".id loss-of-flow conditions. Studies in-
cludud ars: (1) transient in-pile tests simulating
reactor conditions, (2) the development of mathematical
models of fuel failure, melting, and motion, and (3)
transient experiments on fuel failure arising from
local melting, power excursions, and loss of flow.

In the area of fuel dynamics perhaps the most im-
portant remaining problems are associated with the
effects of fission gases entrapped within the fuel and
their effect in providing early disassembly forces,
particularly during short period excursions. We also
need more information on reactivity changes associated
with fuel movements.

Coolant Dynamics

This area is concerned with experimental and ana-
lytical studies of sodium boiling and two-phase flow.
These are needed to describe void formation, coolant
expulsion and re-entry, and pressure generation during
retctor accidents. Tests are conducted with sodium
and multi-pin geometries in test sections specifically
designed to nock up reactor subaesembly geometries.

In this area the main problems relate to the phe-
nomena associated with the early onset of boiling and
its propagation throughout the subassembly. Such phe-
. jmena related to the onset of boiling may be much
irore important in very large systems where the first
void creates; a significant reactivity effect that could
profoundly affect the accident sequence. Another out-
Bounding problem in coolant dynamics relates to the
understanding of the combined and interacting effects
of boiling and concurrent fission gas release from the
fuel pins.

Fuel Coolant Interactions

A physical mechanism has been proposed and experi-
mentally verified which provides for necessary condi-
tions or requirements for large scale vapor explosions
to occur. This mechanism indicates that oxide fuel
and sotliun under most reactor accident conditions will
not produce largs scale vapor explosions. However, the
same mechanism indicates that the potential exists for
molten steel and possibly other molten fuels (e.g.,

carbides or nitrides) to Interact with scdium to pro-
duce a vapor explosion under some reactor accident con-
ditions. Laboratory experiments on the basic mecha-
nisms involved, and in-pile Eiitnulatlon testB under pro-
totypic conditions need to be continued, in support of
the development of phenomolo.gical models of coolant
interacting with molten fuel and molten clad over the
full range of conditions that mny occur in both initi-
atin3 and core-disruptive accidents. We also need to
understand the behavior of molten fuel coolnnt Inter-
action with respect to fuel Bweepout, which 1B conjec-
tured to occur in some transient overpower conditions.

Post Accident Heat Remova'

The devei- ..it an I verification of mathematical
models ner.- . to describe the behavior of fuel, struc-
tural p-.-erial, coolanc anc! fission products subse-
quent to a hypothetical i.ore-disruptive accident is an
area of major concern. Sufficient information •nust be
developed, through analysis and experimentation, to
assure that effective ir.eanti to contain the core debris
following hypothetical accidents are either inherent
or can be designed for, One Is concerned whether the
core debris can be retained within the primary system,
and if not, within the containment system. Investiga-
tions Included are: basic studies, out-of-pile simula-
tions, in-pile simulations, the development of mathe-
matical models, and engineering analyses of pom acci-
dent containment and heat removal. The experimental
investigations include studies of: molten-fuel motion,
heat transfer, and interaction with structural materi-
als and sodium; fission-product behavior and distribu-
tion between liquid, solid, and gaseous phases; molten-
structural-material motion and heat transfer.

In this area the main current problems are to
establish the practical considerations on core catcher
materials and configurations to effectively preclude
the continuing downward movement of molten materials
through the reactor vessel and beyond.

Structural Dynamics

A quantitative understanding of the partition and
absorption of sudden energy releases potentially associ-
ated with either initiating or core-disruptive reactor
accidents is necessary. It is important to include
the dynamic behavior of reactor structures in the snal-
yses of the accident so that safety margins can be es-
tablished. Included are: basic studies, code develop-
ment, experimental simulations, and the development of
mathematical models for structural effects and energy
partition and absorption associated with potentially
destructive energy releases. The codes yield material
displacements, velocities, and accelerations; also
pressures, densities, internal energies, and strains.

We feel reasonably confident about the understand-
ing of the mechanical response of the reactor vesBel to
a given energy source term. However, considerable de-
velopment has to be done in order to develop adequate
codes for the response of the piping and other compo-
nents such as the heat exchanger.

Material Properties

The determination and analysis of physical and
chemical property information needed in fast reactor
safaty analysis also is essential. The current work
is divide; into two areas: (1) high temperature physi-
cal properties and equation-of-atate of reactor mate-
rials (at temperature up to i<6000°K) and (2) chemical
engineering data and modeling for post accident heat
removal analyses. The first area provides information
for use In the analysis of hypothetical core-disruptive



accidents; the second area deals with conditions that
may arise after the core disruptive accident has ter-
minated and decay heat removal from the system becomes
necessary.

Neutronlea - Sodium Void Reactivity Coefficient

Should nil or part of a Hodlum cooled fast reactor
become voided of sodium under Occident conditions, the
resulting reactivity changes could have a profound ef-
fect on the course of the accident. The essential
point is that sodium removal In the central part of a
(large) fast reactor adds reactivity. Sodium removal
in ihe outer parts (axially and radially) of the core
and in the blanket reduces reactivity. The reactivity
history of the transient will thus crucially depend on
the detailed space-time history of sodium voidage.

The neutrcnlcs problem consists of the accurate
prediction of the reactivity change associated with any
given voidage pattern. The problem is particularly
difficult because of the great sensitivity of the re-
activity coefficient to the details of the cross sec-
tions and because of the competition between the leak-
age and spectral components which are of opposite sign.

Neutronlcs - Doppler Effect

In a fast reactor transient, the Doppler coeffi-
cient is one of the major contributors to the safety of
the system. It is effective both in terras cf turning
mild transients around and minimizing damage to the
core or, in the case of very severe transients with
violent disassembly, in very much reducing the destruc-
tive energy release. ILO importance comes about pri-
marily from the fact that in ceramic-fueled fast re-
actors, the Doppler effect is the only mechanism that
yields an Immediate negative reactivity feedback.

Some years back, there was not even complete cer-
tainty as to the sign of the Doppler coefficient. As
long as there was an even remote possibility thai- the
Doppler coefficient might be positive and hence act as
an autocatalytic agent in an excursion, the Dopplar
effect posed a most serious problem. Both experimental
and theoretical work have long since totally removed
that possibility. It. 1B now definitely known that in
any fast breeder reactor composition of interest, the
negative U-239 Doppler coefficient will totally dominate
the fissile component of the Doppler effect (which may
or may not be positive, but In any event Is extiremely
small In magnitude compared to the U 2 3 S component).

The main current problem with the Doppler effect
1B in predicting its magnitude with reasonable and
proven accuracy. This is particularly important since
it plays a quantitative role in safety analyses. Gen-
erally, it Is not very irapoi tanc how large (negative)
the Doppler coefficient is, providing it is known for
sure that It is at leaBt as large as some minimum value.

Some significant uncertainties relate to such
questions as extrapolation to high temperature, mapping
of the Doppler coefficient over the full core which
might be complex due to insertion of control rods,
various enrichments, buildup and burnup of fuel, pres-
ence of fission products, and spatial (as well as time
dependent) temperature distributions.

Neutronics - Other Reactivity Coefficients

In addition to the Doppler and sodium coefficients,
there are other reactivity coefficients that may be of
importance to fast reactor design. One area relates to
accurate means of establishing the power coefficient,
including such contributions as may arise from small

motions involved in fuel bowing or effects associated
with the core restraint mechanism. Such reactivity
effects are small hut important. The magnitude and
sign are determined by the details of small complex
motions. Goth the motions and also the associated
reactivity effects may be very difficult to calculate.

Safety Approach and Impact on Design

There are various safety approaches under current
discussion. Most of the debate centers on the relative
emphasis to be given accident prevention relative to
the emphasis to be given to accident mitigation. In
assessment of causes, probability, and consequences of
very rare events, a wide gray area of judgment as to
appropriate conservatism is perhaps inevitable.

The incorporation of safety features usuaLly in-
volves tradeoffs. In those cases where features are
clearly required and do not pose any major tradeoff
questions there is little debate. The difficult prob-
lems arise when there ia a tradeoff between s.ifety and
other factors, such an reliability, maintainability,
performance, or economlcH, or even other considerations
on safety. In the attempt to deal with a low probabil-
ity event, one must always be on the lookout thut we
have not introduced a feature which perhaps cau.sis
problems in more likely events.

Soaie .,f the safety approach questions, as uv!l an
other considerations dependent on the status of acci-
dent analysis and accident phenomena, lead to a number
of open design issues. This is perhaps the most im-
portant area in safety because it is most directly
relates to the crucial issue of how we, in fact, build
the ceactor. As of now, a large number of uncertain-
ties and differences of view exist in many of theBe
areas.

a. Is an ex-vessel core catcher required?
b. Is an in-vessel core catcher required?
c. Is a sealed head compartment above the

reactor vessel required?
1. Should one include specific design

features again?r pipe rupture?
e. Should one have open or closed ducts

enclosing the suVassemblies?
f. Should an upper or a lower fission gas

plenum be used?
g. What kind of ci.'re radial restraint

system should '.•£ used?
h. Should the pumps trip on a ac/am signal?
i. What degree of subassetnbly Instrumentation

should be incorporated - should it be tied
into the scram system?

j. What kind of diverse shutdown systems are
required - should they all be dependent on
ducts?

k. Should one design for a reduced sodium
void coefficient in large systems?

1. What are the merits of alternate containment
concepts - containment vs. confinement?

All of the above items may involve tradeoff con-
siderations within the safety area, or with other con-
siderations, e.g., economics or operational feasibility.

Conclusions

It is not my purpose here to argue the broad issue
of the safety of the fast breeder reactor. However,
it is certainly true that all the studies to date tend
to show that accident related events are more benign
than one might pessimistically conjecture. These
studies support the conclusion that fast breeder re-
actors are safe by any reasonable definition of "safe."



There are a numbfir of issues regaining, however. The
solutions for many of theae issues must evolve with the
technology. The real question, I believe, is not
whether fasr breeder reactors are safe, but rather how
far one must go, and pay, for protection against pro-
gressively more Improbable events.

With resppet to the subject of tills conference,
fabt riacLor Bnfety fs certainly n related field which
rusts In an Impir-truil way on nuclear croSB section
technology, ;IH It dors I.IHO tin « number of other (UH-
ciplines nnd technologies. It Is the neutroilic aspects
of the problem that produce the driving forces in most
of the accident sequences and phenomena we study. The
required neutrouic calculations are frequenciy much
more involved than those associated with more normal
reactor operation. This is a result of the much more
complex, time depandent geometries r.hat may be involved.
These calculations fully tax the current state of the
art of reactor physics and cross section technology.
Except possibly In the areas of the Doppler effect
and the sodium void coefficient, 1 do not believe that
cross section Information deficiencies, play a signifi-
cant limit Ing rain In thi' state of our knowledge of
fast reactor saffiy. This is clearly the result of
the much more advanced state of the cross section field
relative to the other technologies we encounter in
fast reactor safety.

*Work supported by the U. S. Energy Research and
Development Administration.


