
f'C <<- >~

CONF-840412—3

DE84 010529

Key Asset — Inherent Safety of LMFBR Pool Plant

J. F. Marchaterre & R. H. Sevy
Argonne National Laboratory
Argonne, Illinois 60A39

R. T. Lancet and J. C. Mills
Rockwell, International

Canoga Park, California 9130A

MASTER
ABSTRACT

The safety approach used in the design of the Large Pool Plant emphasizes use of the intrinsic
characteristics of Liquid Metal Fast Breeder Reactors to incorporate a high degree of safety in the
design and reduce cost by providing simpler (more reliable) dedicated safety systems. Correspondingly,
a goal was not to require the action of active systems to prevent significant core damage and/or provide
large grace periods for all anticipated transients. The key safety features of the plant are presented
and the analysis of representative flow and power transients are presented to show that the design goal
has been satisfied.

INTRODUCTION

A major goal in the design of the Large Pool
Plant (LPP) was to utiliir the Intrinsic
characteristics of Liquid Metal Fast Breeder
Realtors (LMFBR'a), and in particular the char-
acteristics of pool plants to integrate a high
degree of inherent safety with appropriate active
features in the design.

Providing inherent safety in the design
means providing a design that can tolerate fail-
ures of plant components and that provides large
time margins for corrective action. As pointed
out by Sackett, et al (Ref. 1) the intrinsic
properties of liquid metal systems can be ex-
ploited to design a system which does not require
the action of active systems to prevent signifi-
cant damage to the core for long time periods for
all anticipated transients. Achieving such a
response has been a major goal in the design of
the lsrge pool plant.

The results of optimization of the inherent
characteristics of liquid metal reactors are
summarized in Table I. The emphasis was both on
minimizing the need for safety action as well as
providing inherently safe responses to initiating
events. While the current design represents a
substantial advance in reactor safety, further
safety enhancement is still being explored in the
areas of reactivity insertion and decay heat re-
moval.

As a result of this concentration on inher-
ent safety, a plant design has evolved which does
not require the action of any active system.
Including the reactor scran system, to prevent
core damage and/or provide large time margins for
corrective action for any anticipated transient
or credible component or system failure.

The key design features which give the plant
this inherent safety are discussed below.

KEY SAFETY DESIGN FEATURES

The design of the Large Pool Plant has been
presented in a previous paper at this conference
(Ref. 2). The important safety features of the
design are summarized below:

• Decay heat removal systems - Redundant
and diverse means of removing decay
heat are provided in the design. Two
of these systems operate in natural
circulation without requiring any pump-
ing power. Because of the large heat
capacity of the pool plant, approxi-
mately 2'v houri; are available for cor-
rective action even if all shutdown
heat removal capability is lost.

• Reactor shutdown system - Diverse and
redundant reactor shutdown systems are
provided in the design. Two diverse
trip parameters are provided for each
design basis event requiring action by
the reactor shutdown system. The reac-
tor shutdown system also takes advan-
tage of the capability of the Large
Pool Plant to mitigate the effects of
balance-of-plant upsets on the primary
system. The number of sensors and
protective systems are limited, thus
the number of demands on the reactor
shutdown system is reduced. Even in
the case of complete loss of heat re-
jection capability and failure to
scram, approximately 1-1/2 h are avail-
able for corrective action.

• Reactor vessel and guard vessel - The
reactor vessel and guard vessel are de-
signed such that their only function is
to contain the primary sodium. There
are no penetrations in the vessel, nor
does it support other components.
Despite the high reliability of the
reactor vessel, a guard vessel is pro-
vided such that if the primary vessel
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Table I - Optimization of Inherent Characteristic* of Liquid Metal Reactors
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fails, core cooling Is maintained. As
a result of recessing the reactor ves-
sel belov ground level, horizontal
seismic loadings on the vessel and in-
ternal components are greatly reduced.

Core design - The reference core design
is a heterogeneous design that provides
a low sodium void worth in the driver
region* The control rod system is
designed such that even if the maximum
worth control rod is inadvertently
completely withdrawn without reactor
scram, the reactor response is such
that core damage is prevented. In
addition, a small portion of the core
coolant flow is ducted along the con-
trol rod drives so that they will ex-
pand into the core and reduce reactor
power as the temperature rises.

Core support - The core support system
is redundant and diverse such that
failures vill not lead to loss of core
support•

Primary piping - The primary piping
'system is designed cuch that failures,

even a double-ended guillotine break,
do not lead to core damage even without
reactor scram.

Primary pumps - The normal pump coast-
down has been extended modestly for
cases of pump trip because of less of
electrical power. This, in conjunction
with the Inherent behavior of the core
and control rod system, provides that
even in the case of loss of all pumps
with failure to scran, core damage is
avoided.

Reactor deck and cavity - The reactor
deck and cavity are cooled by natural
circulation of air, thus they do not
depend on active systems to maintain
cooling. An important feature of the
cavity cooling system is that it is lo-
cated outside the reactor containment,
and thus it can provide cavity cooling
by the natural circulation of outside
air. This location also increases the
likelihood that this system can be
restored under emergency situations.



Intermediate sodium system - The Inter-
mediate heat exchanger design and the
Intermediate heat transport system
layout are such that the IHX remains
filled with Intermediate sodium even If
there Is an IHTS rupture. Therefore,
the head of Intermediate sodium In the
IHX should provide a seal against leak-
age of primary todiun through a leaky
IHX to the atmosphere.

Steam generator system and balance of
plant - The relative elevations of the
steam generator and the IHX, combined
with the simple Interconnecting piping
system, assure adequate natural-circu-
lation capability for nomal decay heat
removal through the steam generator.
Pony motors are not provided for the
Intermediate pumps to supplement natu-
ral circulation since the IHTS Is not
part of the dedicated shutdown heat
removal system (SHRS), the IHTS loops
are designed to conventional (rather
than nuclear safety class) standards.
To assure that a seismic event will not
result In IHTS failures that could fall
safety-related equipment, the IHTS Is
designed to prevent structural failure
during an SSE. The IHTS Is mounted on
the RCB basemat and housed within a
conventional, non-tornado-hardened,
corrugated sheet metal siding build-
ing. The IHTS equipment Is sufficient-
ly strong to prevent failures due to
tornado missiles under the assumed
design tornado conditions. Tire sup-
pression features are designed Into the
building Co minimize the extent of a
sodium fire, should one occur.

Fuel handling and storage - The design
and location of all equipment and
components involved in the transfer and
storage of fuel are such that there are
several physical barriers available to
limit the leakage of any radiological
effluent when handling fuel with
cracked cladding or in the event an
accident occurs. Redundant and diverse
means of removing heat for the ex-
vessel storage tank are provided.

Reactor containment system - Even
though release of any substantial
amounts of radioactivity from the pri-
mary system is not considered a cred-
ible event, margin in the plant is
provided by a concrete containment
building with a design basis leak rate
of 0.11/day at 1.5 pslg. Containment
design bases were specified utilizing a
site suitability source term derived
specifically for the Large Fool Plant
that takes into account the Inherent
ability of the plant to contain radio-

activity even in the case of melting
significant portions of the core.

RESPONSE Of PLANT TO SELECTED ACCIDENTS

The response of the plant to a typical set
of design basis events both with and without
protective action vas systematically evaluated.
This evaluation was based upon detailed analyses
performed for the LPP supplemented by analyses
for other LMFBR'S as appropriate. In addition,
detailed analyses of key accident sequences were
carried out to demonstrate the extensive safety
margins provided by the large heat sink in the
large volume of low pressure coolant and the in-
herent power limiting feedbacks of the design.

Transients examined were of three types: (1)
Flow related transients, (2) power related tran-
sients, and (3) transients occuring because of
loss of heat sink. The results from selected
limiting transients are discussed below.

Flow Related Transients

It can be shown on fundamental grounds that
the Large Pool Plane has Inherent characteristics
which provide a large margin to core damage for
all possible flow transients without scram - with
the single exception of a rapid loss of primary
flow for which separate provision is made and
which is discussed later. This includes inadver-
tent pump rundown, valve closure, etc. In pri-
mary, secondary, or steam circuits. In each
case, coolant boiling would precede core damage
and may be used as an indicator of success or
failure in preventing damage.

The basic characteristics which provide this
protection are:

• The margin to coolant saturation;

• The primary system heat capacity;

• The reactivity temperature coeffi-
cients.

The margin to saturation together with the
heat capacity determine the amount of energy that
can be stored in the primary system without boil-
ing. The time to boiling (if boiling in fact is
to occur in a specific transient) is extended by
power reduction through reactivity feedback.
Reactivity feedback also acts to drive the reac-
tor power toward the existing heat rejection rate
thus creating the possibility of a variety of
stable, non-boiling operating states when more
than only a small heat rejection capability is
maintained. Analysis shows that If a heat rejec-
tion capability of greater than 251 is maintained
then coolant boiling and thus core damage is
avoided•

The special case of the rapid loss of pri-
mary coolant flow with failure to scram was



accommodated by modes.ly extending the flow
coastdown In the case i f loss of pumping power
and assuring that control rod drlveliness are
arranged such that Increases in the temperature
of core exit sodium cause the drlvellness to
expand and move the control rods into the core-
Detailed analysis of this transient was carried
out using the SAS-SYS code (Ref. 3). Typical re-
sults from the calculation are shown In Fig- 1-
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The results show that even for this severe tran-
sient, peak coolant temperatures do not reach
boiling and thus core disruption is avoided. The
two principal mechanisms that -are capable of
delivering the necessary negative reactivity
feedbacks are thermal elongation of the control
rod drives and radial expansion of the core-
Both are driven by changes in coolant tempera-
ture- The core structure responds quickly to the
coolant temperature changes. The process of
heating the control rod drives, on the other
hand, Is slow and thus requires an extended pump
coastdown to be effective.

Power Transients

As a result of reactivity insertions the
Large Pool Plant may experience power, fuel, and
cladding temperature increases before the Reactor
Shutdown System terminates the transient by
scramming the reactor- Such increases are well
within the core design bases- To examine the
Inherent response of the system to more severe
events, an analysis of the uncontrolled with-
drawal (without scram) of a maximum worth control
rod was carried out. The results of this analy-
sis are shown in Fig. 2. These results show that
even if a maximum worth control rod is withdrawn
without reactor, scraa peak fuel temperatures In
the hottest pins just reach fuel melting- No
significant core damage would be expected.
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Fig.2: Maximum Fuel Centerllne Temperature for
Uncontrolled Rod Withdrawal w/o Scran
(5 cents/sec ramp)

Loss-of-Heat Sink

The Large Pool Plant is designed with di-
verse and redundant decay heat removal systems
such that the probability of a complete and per-
sisting loss of heat sink is reduced to a very
low level. Even if a loss of heat sink occurs,
significant times are available for corrective
action. In the event of a complete, persisting
loss-of-heat sink accident, decay energy and
decay heat could be stored in the primary system
for a significant period of time before core or
structural damage would occur. This time is
estimated to be about 30 hrs. About 200 hrs are
available before core uncovery.

CONCLUSIONS

Evaluation of the safety of the Large Fool
Plant indicates that the design goal of providing
an inherently safe plant can be met with no sig-
nificant cost penalty. The analyses show that
for all design basis transients the plant does
not need to rely on active systems to prevent
significant core damage and/or provides large
time margins for corrective action.
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