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ABSTRACT generation of power plants which can provide these
functions, although they are not safety grade systems.

A reduction of the requirements for the The SBWR core damage frequency iialso on the order of
emergency planning zone (EPZ) is a goal of advanced LE-7.
light water reactors. The technical basis for reducing the
EPZ requirements is based on a very low frequency of a To address defense in depth, features were also
severe accident and high confidence that the offsite dose included in the plant designs to ensure that the offsite
would be low even if a severe accident was to occur. consequences of a severe accident would be benign. Each
Design features have been included in both the ABWR severe accident challenge identified was addressed by
and SBWR to ensure that both of these goals are consideration of appropriate design features which
achieved. Probabilistic Risk Assessments (PRAs) have prevent or mitigate the challenge. For example, both
been performed for both plants. The PRAs indicate a designs use an inerted pressure suppression
core damage frequency on the order of IE-7 for both containment, precluding te possibility of hydrogen
plants. The PRAs also show that the containments will detonation.
not fail even if a severe accident should occur. The
potential offsite is extremely low. The ABWR design incorporates an

AC-independent water addition system and a passive
INTRODUCTION lower drywell flooder, either of which can ensure that any

debris which might exit the vessel is covered with water.
The Advanced Boiling Water Reactor (ABWR) is a The large floor area of the lower drywell allows for the

1350 MWe boiling water reactor (BWR) classified as an spreading of debris to enhance coolability. Containment
evolutionary reactor by the Electric Power Research free volumes and the suppression pool volume are
Institute (EPRI) Utility Requirements Document. The designed such that there is no fission product release
Simplified Boiling Water Reactor (SBWR) is a 600 MWe from the fuel for approximately one day, even if all
BWR is classified as a passive reactor. Probabilistic risk containment heat removal fails. The presence of a
assessment (PRA) has been used extensively as a design containment overpressure protection system ensures that
tool in the development of both designs. Mitigation of there is no significant release of volatile fission products.
severe accident challenges has also been considered
during the design process. The features incorporated The SBWR design has systems similar to those of
both the designs lead to very low offshe risk and should the ABWR to ensure lower drywell flooding and to
allow for a reduction in emergency planning. enhance coolability. Operation of the lower drywell

flooding system will flood the containment and the vessel
The ABWR has three divisions of emergency core to the top of active fuel. This allows for the cooling of any

cooling and decay heat removal. This configuration leads debris which remains in the vessel after vessel failure. The
to a very low probability of severe core damage, on the passive containment cooling system uses condensers to
order of LE-7 for internal events. External events were remove decay heat from the containment, even in the
also considered using probabilistic methods. The risk event of a severe accident. Therefore, long term steam
from external events was also found to be very low. The generation will not lead to fission product release.
SBWR design uses gravity driven injection systenls and
isolation condensers for emergency core cooling and The features of the ABWR and SBVrR designs
decay heat removal. Additionally, the SBWR has active ensure that the frequency of a core damage event is very
injection systems similar to those used in the current low. Further, even in the unlikely event of such an
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accident, the release from the containment will be very acceptably low, a combustion turbine generator (CTG)
small. Most sequences will only have leakage as allowed was incorporated into the design. The CTG is a standby
by the technical specifications. Therefore, the offifte non-safety power source which feeds the plant
dose is expected to be very low even if a severe accident investment loads during loss-of-offsite power events. The
occurs. This will allow the ulity to establish a technical unit also provides an alternate source of AC power in case
basis for a reduction in emergency planning. of a station blackout event. The CTG can provide

emergency backup power through manually-actuated
CORE DAMAGE PREVENTION Class 1E breakers in the same manner as the offshe power

sources. Incorporation of the CTG resulted in an order
During the development of the ABWR and SBWR of magnitude reduction in the frequency of core damage

designs, GE performed many probabilistic studies to give events initiated by station blackout.
insights into the optimization of design features and
operating procedures. The PRAswere used extensively in GE took advantage of the ABWR design studies in
the early design effort to make design decisions. This has developing the SBWR. Many of the design features
resulted in millions of dollars of cost savings without developed for the ABVVR were included or adapted for
compromising the plant safety. use in the SBWR. The design of the multiplexing systems

and other instrumentations systems and the reactivity
For example, in an early ABWR analysis, a core control systems are very similar in the two plants. The

cooing system optimization study was performed. This fundamental difference between the two plants is the use
study enable the core cooling and heat removal of passive safety features in the SBWR versus the use of
functions to be combined and the total number of ECCS active systems in the ABWR. Transients in the SBWR are
divisions to be reduced from four to three. Each of the accommodated by isolation condensers. The isolation
divisions contains both high and low pressure emergency condensers operate by de-energize solenoids to open the
core injection and decay heat removal systems. When condensate return valves, initiating heat removal driven
combined with the Automatic Depressurization System, by natural circulation. Since the valves de-energize to
this provides a highly reliable means of preventing core open, the isolation condenser can operate without any
damage and preventing high pressure core melt AC or DC power.
sequences.

Cooling of the reactor during accidents which
An ABWR instrument reliability assessment was threaten the reactor coolant inventory, such as LOCA is

performed which led to the selection of multiplexing accomplished by a gravity driven cooling system (GDCS).
systems and other instrumentation systems. In later Water is delivered into the reactor pressure vessel
studies, selected features were provided with "hard through lines which take suction from pools in the upper
wired" control which bypasses the multiplexing system to drywell In order to allow GDCS injection at low pressure,
preclude core damage due to a presumed common the Automatic Depressurization System (ADS) used in
mode failure of the safety system logic and control the ABWR has been supplemented by squib actuated
system. depressurization valves.The squib valves use logic which

The reactivity control system was also examined is diverse from that provided for the safety relief valves,
and a cost effective ATWS itigation system was which further reduces the likelihood of high pressure
incorporated instead of a more expensive system core melt accidents.

proposed for an earlier design.The fine motion control The PRAs performed for ABWR and SBWR
rod drives (FMCRD) adopted in the ABWR provide indicate that each has a core damage frequency for
improved scram reliability by elimination of the scram internal events on the order of I.E-7, almost three orders
discharge volume, which is a potential common mode of magnitude below the requirements specified in the
failure point for current BWRs using the locking piston- USNRC severe accident policy statement. This very low
type RDs. The scram reliability goals were met without frequency of core damage indicates that the plant
the use of Alternate Rod Insertion (ARI). However, designs have achieved a high level of safety.
subsequent PRA studies showed that the adoption of the
ARI valves in the design would provide a further CONTAINMENT PERFORMANCE
substantial reduction in the probability of ATWS. Since
the cost of adding the ARI vlves to the design is small, it Notwithstanding the very low frequency of core
was decided that their incorporation into the design was damage, the ABWR and SBWR have been designed to
appropriate. provide severe accident mitigation capabilities. In

developing these capabilities, GE has paid particular
In early studies performed for the ABWR attention to uncertainties in severe accident

certification effort, the core damage frequency was phenomenology which could have an impact on offshe
dominated by events initiated by station blackout. Even dose or risk. The potential challenges of the containment
though the total core damage frequency and risk was which could lead to either early or late containment
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release were examined, and means for the prevention or Energetic fuel coolant interactions are precluded
mitigation of the potential of containment failure were in the ABWR by the basic containment design. These
identified. events, often called steam explosions, could occur if the

reactor pressure vessel failed and molten core debris fell
A. Early Containment Challenges into a pool of water. However, there are very few sources

of water in the ABWR containment. Water introduced
The most critical areas of concern in addressing into the upper drywell would flow through the wetwell/

severe accident containment challenges are those which drywell connecting vents into the wetwell. These vents
could lead to early failure of the containment. The have been designed such that dynamic loading in the
design of both plants have addressed these items suppression pool would not lead to a significant amount
carefully in order to reduce the potential for early fission of water being introduced into the wetwell. Therefore,
product release. Four potential challenges were only a small fraction of LOCAs, which is itself a small
identified as being important in accommodating a severe contributor to the core damage frequency, could lead to
accident: containment isolation, hydrogen combustion, water in the lower drywell prior to the time of vessel
direct containment heating, and fuel coolant failure. This effectively precludes the potential for an
interactions. Hydrogen combustion is precluded by the energetic fuel coolant interaction in the ABMrR.
use of an inerted containment. Direct containment
heating has been made highly improbable by the use of The SBWR design cannot guarantee a low
very reliable depressurization systems. probability of water being present in the lower drywell at

the time of vessel failure. Therefore, a corium shield has
Containment isolation is important to ensure that been adopted in the design to prevent severe oading of

fission products which could be released to the the containment boundary due to an energetic fuel
containment do not escape to the environment. coolant interaction. This shield is designed to
Potential sources of containment bypass can be divided accommodate the loading which could occur from a
into two groups. There are a few containment credible fuel coolant interaction in the lower drywell In
penetrations which are open during normal reactor addition, both the ABWR and SBWR designs have
operation, the most obvious of these are the feedwater considered the potential for rapid pressurization due to
and mainsteam lines. Other potential sources are non-energetic fuel coolant interactions to ensure
penetrations which are normally closed. Examples of adequate venting area between the upper and lower
these penetrations are equipment and personnel access drywelIs.
hatches, instrument lines, electrical penetrations, and
exhaust lines to the standby gas treatment system B. Late Containment Challenges
(SGTS). Inerted containments have an inherent
advantage over non-inerted containments because the Having discussed the prevention of fission product
containment gas pressure and composition are release via early containment failure, attention is now
monitored to maintain oxygen limits below the turned to long term containment challenges. The
flammability regime. This provides an effective means of primary challenges to the containment in the long term
identifying gross containment leakage. Therefore, the are high containment temperature, structural
probability of a containment penetration being degradation and non-condensable gas generation due to
inadvertently left open is very small. core concrete interaction and steam generation due to

decay heat production. These challenges have been
A LOCA outside of containment could also lead to mitigated in the ABWR and SBWR designs through a set

a failure of containment isolation. This has been of interconnected design features.
addressed in both the ABWR and the SBWR by designing
the low pressure piping connected to the vessel to High containment temperature can cause
withstand higher pressure. Therefore, there is less degradation of the organic material used to seal
chance of a failure in one system to cause a failure in containment penetrations. If the seal material is
another system, which reduces the probability of an degraded, then containment pressurization can cause
interfacing system LOCA. Additionally, special attention the seating surf-aces to separate, and leakage can occur
has been given to ensuring that containment isolation through the penetrations. The material used for the seals
valves can operate under the full range of pressure, in both plants has been shown to maintain its flexibility at
temperature and flow conditions which the valve might temperatures less than 533 K. In order to ensure that the
experience during LGA. Finally, the power containment remains below this temperature, systems to
requirements to ensure isolation of all containment flood the lower drywell have been adopted in both
pathways was examined to maximize the probability of designs.
successful containment isolation. This collection of
features ensures thatfailure of containment isolation has The ABWR lower drywell flooder has thermally
no significant impact on offshe dose or risk. activated flooder valves which open by the melting of a

fusible plug. When the temperature in the lower drywell
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begins to rise, the fusible material melts and water flows The wetwell vapor space in both plants has been
from the suppression pool into the lower drywell. Since sized such that the gas generation which results from
the passive flooder will not open until after vessel failure, oxidation of 100% of the active fuel cladding can be
the potential challenge from energetic fuel coolant accommodated without exceeding Service Level C
events is not exacerbated. The valves, located around the capability of the containment.This provides ample
periphery of the lower drywell are sized to ensure that margin to the gas generation from metal-water reaction
the debris in the lower drywell can be covered and as well as any non-condensabIe gas generation which may
quenched quickly. Thus, the core debris will be cooled result from core concrete interaction.
and fission products released from the debris will be
scrubbed. The final challenge to the containment is the

pressurization due to steam generated by decay heat. In
In the SBWR lower drywell flooding is provided by the ABWR, steam generated in the reactor pressure vessel

a mode of the GDCS system. After reactor pressure vessel or in the dryweIl is passed into the suppression pool via
failure, the system is actuated on high lower drywell floor the SRVs or the wetwell/drywell connecting vents. The
temperature. The system consists of three lines which steam is then quenched causing an increase in
connect the GDCS water pools to the drywell connecting suppression pool temperature. The Residual Heat
vents. The volume of water in the GDCS pools floods the Removal System (RHR) is then used to remove heat from
RPV and lower drywell to the top of active fuel. This not the suppression pool. If the RHR system fails, the partial
only precludes radiative and convective heating of the pressure of steam in the wetwell slowly increases,
containment by debris in the lower drywell, but also remaining in equilibrium with the temperature of the
prevents superheating of the drywell atmosphere by core suppression pool. The initial water mass of the
material which may remain in the vessel. suppression pool is capable of absorbing almost 24 hours

of decay heat while maintaining the containment
The lower dryweIl flooding systems also reduce the pressure below service level C.

containment challenges due to core concrete
interaction. Core concrete interaction, the erosion of The heat absorption capability of the pool can be
concrete by high temperature core debris, is terminated supplemented by the use of the AC Independent Water
when the debris is solidified and cooled to a temperature Addition System (ACIWA). This system uses a cross-tie
below the melting point of concrete. The floor areas of between the fire protection system to supply water to the
the lower drywell in both designs have been maximized RHR header. Pumping may be provided by either a direct
to improve the potential for debris cooling. In both drive diesel, or by a fire pumper truck which can be
plants, the floor area meets the US ALWR Utility connected at ground level outside the reactor building.
Requirements Document criterion of 0.02 square meters The ACIWA can be used to inject into vessel or into the
of floor area in the lower drywell for each megawatt of drywell spray system. In either case, the system adds to the
rated core thermal power. mass of the suppression pool and slows the rate of

containment pressurization. If the ACIWA system is used,
The floors of the lower drywells are protected by a the containment pressure will remain below service level

layer of sacrificial concrete at least one meter thick to C for more than one day with no containment heat
prevent containment failure due to thermal attack of the removal.
containment liner. Basaltic concrete is used for this
sacrificial layer to minimize the gas generation from core The final system for containment heat removal in
concrete interaction. This ensures that the containment the ABWR is the Containment Overpressure Protection
is not significantly pressurized if the core debris is not System (COPS). This system consists of a piping from the
quenched quickly. wetwell to the plant stack which is opened by the bur-sting

of a rupture disk as the containment approaches service
The potential impact of core concrete interaction level C. This ensures that if fission product release occurs,

on the lower drywell walls which form the reactor it will be directed through the suppression pool. For the
pedestal has also been examined. The SBVvFR pedestal is ABWR this leads to a reduction in fission product release
a part of the containment boundary and is protected by by a factor of more than 1000 for species other than
a layer of sacrificial concrete ike the floor. The ABWR noble gasses. After control of the containment pressure
pedestal is formed of two concentric steel shells with has been regained, the COPS pathway may be reclosed by
webbing between them. The gap between the shells is closing either of two valves.
filled with concrete. A study of core concrete interaction
was performed which concluded that there is averysmall The safety grade containment heat removal system
potential for pedestal failure even if core concrete for the SBWR is the Passive Containment Cooling System
interaction continues because only the outer shell and a (PCCS). The PCCS receives a steam-gas mixture from the
few centimeters of the webbing are required to ensure upper drywell atmosphere, condenses the steam and
the structural integrity of the pedestal. returns the condensate to the GDCS pool. The heat is
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removed by a boiling pool on the outside of the PCCS boundary.
tubes. The non-condensible gas is drawn to the
suppression pool through a submerged vent line by the SUMMARY

pressure differential between the drywell and wetwell. The ABWR and SBWR designs have included a
Unlike the isolation condensers, there are no valves in
the PCCS system. The PCCS tends to self-regulate, variety of design features which make the occurrence of
effectively condensing all of the steam generated in the a severe accident very unlikely. The core damage
drywell. Thus, the PCCS provides containment heat frequency associated with both designs is on the order of
removal and prevents containment overpressurization IE-7. Design features which are diverse from those which
due to decay heat in the event of a core melt accident prevent core damage have been incorporated in the
with vessel breach. design to ensure that the containment will remain intact

even if a severe accident should occur. Thus, the
The design features important to containment potential offshe dose and risk associated with either plant

performance in a severe accident are independent and is extremely low. This will allow the utility to establish a
diverse from the systems are inrluded to prevent core technical basis for emergency planning simplification.
damage. In the ABWR, the critical features are
containment inerting, the ACTWA or the lower drywell
flooder, the suppression pool, and the COPS system. In
the SBWR, the primary features important for the
containment performance are the deluge mode of the
gravity driven cooling system and the passive
containment heat removal system. In both plants no
breach of containment or significant fission product
release is expected for at least 24 hours following the
initiation of an accident.

OFFSITE DOSE EVALUATIONS

Minimizing fission product release from the
containment is essential in developing the basis for
emergency planning simplification. In both the ABWR
and the SBWR designs the containment is entirely
surrounded by the reactor building. Thus, it highly
probable that the only fission product release to the
environment will be the result of leakage from the
containment through the reactor building. Both
containment designs are specified to allowless than 0.5%
per day leakage when at the design pressure of the
containment. Although the leakage during a severe
accident might be somewhat higher due the a higher
containment pressure, the volumetric flow into the
reactor building will be very low.

The ABWR reactor building design incorporates a
standby gas treatment system which could effectively
reduce the fission product leakage from the reactor
building to the environment. The SBWR does not have
an active standby gas treatment system. Instead, the
reactor building has been arranged such that the
containment leakage would flow into a region called the
safety envelope which is itself surrounded by the reactor
building. Since the safety envelope will be designed as a
low leakage region, this will result in a substantial holdup
and retention of fission products. Therefore, in both
designs, it is anticipated that only a small fraction of the
fission products which might leave the containment
would be transported to the environment. The expected
dose from an accident is less than rem at the site
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