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Abstract

The System 80+ Standard Plant Design is a 1400 MWe evolutionary Advanced Light Water Reactor
(ALWR), designed to meet the Electric Power Research Institute (EPRI) ALWR Utility Requirements
Document (URD) and the demands of the international market for nuclear power plants which are not only
safer but also more economical to maintain and operate. ABB Combustion Engineering Nuclear Power used a
defense-in-depth process that (1) adds design margin to basic components to improve performance during
normal operation and to decrease the likelihood of an unanticiapted transient or an accident, (2) improves the
redundancy and diversity of safety systems in order to mitigate design basis accidents and prevent severe
accidents, and (3) improves severe accident mitigation capability. This paper describes the most important
improved systems and components with emphasis on severe accident prevention and mitigation capability. The
improved design features were implemented in an evolutionary manner using proven components. This
approach ensures that the plant operates safely and economically, as demonstrated by operating plants in the
US and the Republic of Korea. Detailed studies, summarized in this paper, have shown that the System 80+
plant availability is expected to exceed the ALWR requirement of 87% and that the annual operations and
maintenance costs are expected to be reduced by $14 million.

1. INTRODUCTION

The System 80+ Standard Plant Design was developed by incorporating improvements into the
System 80® design already in operation at the Palo Verde Nuclear Generating Station in Arizona, USA.
To improve safety, the design incorporates a balanced measure of design margin, accident prevention, and
accident mitigation. The design complies with the EPRI goals of simplicity, improved reliability, improved
accident prevention and mitigation, improved economics, and better man-machine interfaces. Unproven
features that could slow the licensing process and/or construction or could result in unreliable operation have
been avoided. Accordingly, the design does not require any prototype testing. Human Factors Engineering was
extensively used to enhance the layout and performance capabilities of the completely integrated, computer-
based Nuplex 80+™ Advanced Control Complex.

As required by US Nuclear Regulatory Commission (NRC) regulation, 10 CFR 52, the scope of
the System 80+ design covers an essentially complete nuclear power plant and includes all structures,
systems, and components that can significantly affect safe operation. The design also contains the level
of detail necessary to complete NRC review and the preparation of procurement, construction, and
installation specifications. Certification of the System 80+ design by the NRC was awarded in May
1997. The 10 CFR 52 approach provides a process for resolving licensing issues related to the design
before any commitment to construction. A utility can reference a Certified Design and apply for a single
combined license, authorizing both construction and operation, with assurance that the NRC will accept
the certified portion of the design without further review. Furthermore, any public hearings undertaken
on a specific combined operating license application would exclude issues related to the certified portion
of the standard plant design. This process will allow owner/operators to plan for new nuclear plants by
reducing the uncertainty associated with regulatory delays or design modifications during plant
construction and startup. An overview of the System 80+ design is shown in Figure 1.
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Figure 1. Overview of System 80+ Design

The following sections describe key System 80+ evolutionary design improvements, including
design features that lead to higher plant availability and reduced costs, as well as improved severe
accident prevention and mitigation.

2. KEY EVOLUTIONARY DESIGN CHANGES

The System 80+ Standard Plant Design meets the stringent design goals in the EPRI ALWR
URD Volumes I and II. Specifically, the design complies with the EPRI goals of simplicity, improved
reliability, improved accident prevention and mitigation, improved economics, and better man-machine
interfaces. Since the design represents an evolutionary advancement over current light water reactor
designs, unproven features that could slow the licensing process and/or construction or could result in
unreliable operation have been avoided. Accordingly, the design does not require any prototype testing.

The System 80+ design also complies with the procedural requirements and criteria of NRC
regulations including the Three Mile Island requirements codified in 10 CFR 50. In addition, the design
addresses all applicable Unresolved Safety Issues and the medium- and high-priority Generic Safety
Issues. Finally, a full Level III Probabilistic Safety Assessment (PSA) has been carried out for the
design. The PSA was used as a guiding tool during the design process to produce a more robust design
that minimizes the potential for core damage and moderates the severity of a severe accident should one
occur. This PSA analysis has demonstrated that the System 80+ design meets the ALWR safety goals.

Evolutionary features contributing to the significant safety improvements of the System 80+
design include:

Increased reactor core thermal margin achieved by reducing the normal operating hot leg
temperature, using ABB's advanced fuel design (TURBO™) and revising core monitoring
methods.

Use of a ring-forged reactor pressure vessel with improved material specification affording a
low 60 year end-of life RTNDT, virtually eliminating pressurized thermal shock concerns.
This feature also results in a significantly reduced number of welds (with resulting reduction
in in-service inspection).

431



Pressurizer volume is increased by 33% (relative to current generation operating reactors),
providing more operating margin during plant transients.

Secondary inventory in the steam generators is increased by 25%, increasing the time period
until actuation of reactor protection/safeguards systems and until the steam generator would
boil dry without provision of feedwater.

Thermally-treated Inconel 690 tubing and enhanced maintenance features are used to extend
the life of the steam generators, improve their reliability and decrease the potential need for
plugging tubes over the life of the plant.

N-16 gamma ray monitors, one per steam generator, have been incorporated in the steam
lines to provide a sensitive and specific indication for primary coolant leakage through steam
generators.

A combustion turbine generator provides an alternate source of AC electrical power during
loss-of-off site power and station blackout events.

A dedicated Reactor Coolant Pump (RCP) Seal Injection System has been incorporated.
With this system, three levels of protection (three sources of cooling water) exist, thereby
essentially eliminating concerns for RCP seal failure and subsequent leakage during periods
of prolonged electrical power loss.

A Safety Injection System featuring four separate trains of equipment, direct vessel
injection, elimination of the previous low-pressure safety injection function, and on-line test
capability.

A dedicated Emergency Feedwater System featuring two independent divisions (one for each
steam generator), two full-capacity, seismically qualified storage tanks, diverse pumps
(motor driven and steam turbine driven) in each division, and cavitating Venturis to prevent
pump runout and excessive flow to the ruptured steam generator.

A Safety Depressurization System (SDS) has been added to provide rapid depressurization
for severe accident mitigation and for back-up decay heat removal.

An in-containment refueling water storage tank (IRWST) which acts as a quench tank for
the SDS, avoids the need for safety injection recirculation switch over to the containment
sump after a loss-of-coolant accident, and provides a guaranteed source of water for cavity
flooding.

The Cavity Flooding System allows for safety-grade flooding of the reactor cavity, manually
initiated from the control room during a severe accident.

A state-of-the-art main control room (Nuplex 80+) using modern human factors engineering
techniques and off-the-shelf digital technology has been designed to facilitate the operators'
duties during both normal and potential accident situations.

Additional mechanical redundancy has been provided for the shutdown cooling and
containment spray systems.

Enhanced support systems (e.g., component cooling water) with increased redundancy and
physical separation to match the reliability of the safety systems.

A large free-volume containment provides additional margin against over-pressurization and
ensures that global hydrogen concentration cannot reach detonable levels during an accident.

A hydrogen igniter system, in conjunction with hydrogen re-combiners, ensures that
hydrogen is controlled without global deflagrations.
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3. MEASURES FOR COPING WITH SEVERE ACCIDENTS

The System 80+ Standard Plant Design is a more robust plant design that reduces the potential
for core damage and moderates the severity of such an accident should one occur. Some of these
features were summarized above, but they are discussed below specifically with respect to severe
accident prevention and mitigation.

3.1. Safety Injection System (SIS)

The SIS (Figure 2) is designed to satisfy NRC regulatory requirements and, in the highly unlikely
event of a loss-of-coolant-accident, inject borated water into the Reactor Coolant System. The System
80+ SIS incorporates a four-train safety injection configuration and an In-Containment Refueling Water
Storage Tank (IRWST).

The System 80+ SIS utilizes four high pressure safety injection pumps to inject borated water
directly into the Reactor Vessel. In addition, four safety injection tanks are provided. The SI pumps are
normally aligned to the IRWST and a realignment for recirculation following a LOCA is not required.
This system provides cooling to limit core damage and fission product release and ensures adequate
shutdown margin.

The SIS also provides continuous long-term, post-accident cooling of the core by recirculation of
borated water from the IRWST. Water, drawn from the IRWST by the SI pumps and the containment
spray (CS) pumps, is injected into the reactor vessel and the containment. The SI water then enters the
containment through the primary pipe break. This water and the CS water return through floor drains
and the holdup volume tank to the IRWST. During this process, heat is removed from the IRWST water
by the containment spray heat exchanger.

The SIS is capable of providing an alternate means of decay heat removal for those events
beyond the licensing design basis in which the steam generators are not available. Decay heat removal,
via feeding and bleeding of the RCS, would be accomplished using the SIS to feed, the Safety
Depressurization System (SDS) to bleed, and the Shutdown Cooling System (SCS) for cooling of the
IRWST water.
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Figure 2. Safety Injection System
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Figure 3. Safety Depressurization System

Pressure retaining components outside containment have a design pressure of at least 6.3 MPa
(900 psig). This increased design pressure significantly reduces the chance of a large interfacing LOCA,
even at full RCS pressure.

3.2. Safety Depressurization System

As a backup to the normal pressure control system and the Reactor Coolant Gas Vent System,
the SDS (Figure 3) provides a safety-grade means of depressurizing the RCS. Together with the SIS
and Shutdown Cooling System (-SCS), the SDS is capable of providing an alternate means of decay heat
removal for those events beyond the plant design basis in which the steam generators are not available.

In the context of severe accident prevention, the SDS performs the following functions:

The Reactor Coolant Gas Vent function of the SDS provides a safety-grade means of
venting non-condensable gases from the pressurizer and the reactor vessel upper head to the
Reactor Drain Tank during post-accident conditions. In addition, the RCGV provides a
safety-grade means to depressurize the RCS in the event that pressurizer Main Spray and
Auxiliary Spray systems are unavailable.

The Rapid Depressurization function, or bleed function, provides a manual means of quickly
depressurizing the RCS when normal and emergency feedwater are unavailable to remove
core decay heat through the steam generators.

In the event a high pressure meltdown scenario develops and the feed portion of feed and bleed
cannot be established, the SDS can be used to depressurize the RCS to ensure that a High Pressure Melt
Ejection event does not occur, thereby minimizing the potential for direct containment heating.

3.3. Containment Spray System (CSS)

The CSS for System 80+ is designed to maintain containment pres-sure and temperature with-in
design limits in the unlikely event of design basis mass-energy releases to the containment atmos-phere.

The CSS (Figure 4) is a fully redundant two-train system. Two contain-ment spray pumps
supply water through two heat exchangers to the upper region of the containment. Spray headers are
used to provide a relatively uniform distribution of spray over the cross sectional area of the
containment. The IRWST is used as the water source for the system. The Containment Spray Pumps
can be manually aligned and used as residual heat removal pumps during SCS operation. Likewise, the
SCS pumps can be manually aligned to perform the containment spray function.
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Figure 4. Containment Spray System

The CSS also provides a containment air cleanup function to reduce the concentration of fission
products in the containment atmosphere after an accident. No spray additives are required. The CSS
pumps and CSS heat exchangers can also be used as a backup to the SCS pumps and heat exchangers
to provide cooling of the IRWST water during post-accident feed and bleed operations when the steam
generators are not available to cool the RCS. The emergency fill connection enables water from an
external source to be provided to the containment spray headers if the normal spray function is
unavailable.

Pressure retaining components outside containment have a design pressure of at least 6.3 MPa
(900 psig). This increased design pressure significantly reduces the chance of a large interfacing LOCA,
even at foil RCS pressure.

3.4. Emergency Feedwater System (EFWS)

The EFWS (Figure 5) is a dedicated four-train safety system (two trains per Division) that
supplies feedwater to the steam generators for the removal of heat from the RCS in the event the main

Figure 5. Emergency Feedwater System
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feedwater system is unavailable following a transient or accident. The EFWS has no operating functions
for normal operation.

The EFWS is configured into two separate mechanical divisions. Each division is aligned to feed
its respective steam generator. Each division consists of one storage tank, one 100% capacity motor-
driven pump subdivision, one 100% capacity steam-driven pump subdivision, valves, one cavitating
venturi, and specified instrumentation. Each pump sub-division takes suction from its respective storage
tank. The motor-driven subdivision and steam-driven subdivision are joined together inside containment
to feed their respective steam generator through a common EFWS header. Each common EFWS header
contains a cavitating venturi to restrict the maximum EFWS flow rate to each steam generator. The
cavitating venturi restricts the magnitude of the two pump flow as well as the magnitude of individual
pump runout flow to the steam generator, and eliminates the need for complicated isolation systems.

A cross-connection is provided between each EFWS storage tank so that either tank can supply
either division of the EFWS. A line connected to a non-safety source of condensate is also provided that
can be manually aligned for gravity feed to either of the storage tanks, should those tanks reach low
level before Shutdown Cooling System entry conditions are reached. Pump discharge crossover piping is
provided to enhance system versatility during long-term emergency modes, such that a single pump can
feed both steam generators.

3.5. Shutdown Cooling System (SCS)

The SCS (Figure 6) is used to reduce the temperature of the reactor coolant, at a controlled rate,
from 176.7° C (350° F) to a refueling temperature of 48.9° C (120° F) and to maintain the proper
reactor coolant temperature during refueling. This system utilizes the shutdown cooling pumps to
circulate the reactor coolant through two shutdown heat exchangers, returning it to the Reactor Coolant
System. The Component Cooling Water System supplies cooling water for the shutdown cooling heat
exchangers.

Additionally, the SCS is used in conjunction with the atmospheric dump valves (ADVs) and the
Emergency Feedwater System to cool down the RCS following a small break LOCA. The SCS is also
used subsequent to steam and feedwater line breaks, steam generator tube ruptures, and is used during
plant startup prior to RCP restart to maintain flow through the core. After an accident, the SCS can be
put into operation when the RCS pressure and temperature are below approximately 2.8 MPa (400
psia)andl93.3°C(380°F).

CONTAINMENT
HOLDUP
VOLUME

RCS
HOT LEG
LOOP 1

REACTOR
^ VESSEL

NOZZLE 1A

, INSIDE
I CONTAINMENT

Figure 6. Shutdown Cooling System
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The system has a design pressure of 63 MPa (900 psig). This higher system pressure provides for
greater operational flexibility and significantly reduces the chance of a large interfacing system LOCA,
even at full RCS pressure. The SCS pumps do not share functions with the SIS.

In addition to their normal, long-term decay heat removal function, the SCS pumps are designed
to perform a backup residual heat removal function and cooling of the IRWST. In the backup residual
heat removal mode of operation, the SCS is used (in conjunction with the Rapid Depressurization
System) as a backup to the SIS to inject borated water into the reactor core. The CSS pumps can be
used to backup the SCS pumps for improved decay heat removal capabilities. The SCS pumps can also
be used as backups to the CSS pumps to perform IRWST cooling during "feed and bleed" operations
(beyond design basis events). To further increase the reliability of the containment spray function, the
containment spray headers are designed to accept spray flow from an external source of water via a
"tee" connection to the spray line.

3.6. Safety Systems Configuration

The System 80+ plant is designed on the basis of two divisions of safety-related equipment which
are each fully capable of achieving and maintaining a safe shutdown despite the complete loss of the
redundant division's functionality. Outside of containment, the two redundant divisions of safety-related
equipment are separated by an interdivisional barrier except for the control room and the remote
shutdown room which are physically separated and electrically isolated from each other. The
interdivisional barrier is a three hour fire rated barrier and a flood barrier. Heating, ventilation, and air
conditioning and cooling water systems are designed to maintain divisional separation.

In areas inside the containment where equipment and cabling associated with safe shutdown
equipment for the two divisions converge, an alternate capability is provided to achieve and maintain
safe shutdown using systems and equipment spatially and electrically isolated from the convergent
systems.

3.7. In-Containment Refueling Water Storage Tank (IRWST)

Sufficient borated water is stored in the IRWST to meet all post-accident safety injection pump
and containment spray pump operation requirements. The IRWST eliminates the need for switching
over from injection mode to recirculation mode during emergency core cooling operations and, therefore,
eliminates failures associated with the switch-over in existing commercial nuclear power plants. In
addition, the IRWST is the source of borated water for cavity flooding at the onset of a severe accident.

3.8. Two Emergency Diesels and Standby Combustion Turbine

Each of the two divisions of class IE AC power is supplied with emergency standby power from
an emergency diesel generator (DG). Each DG is provided with a dedicated 125 VDC battery. In
addition to the two emergency DGs, the System 80+ design has an alternate standby onsite AC power
source. This is a non-safety combustion turbine power source provided to cope with station blackout
scenarios. The alternate power source is independent and diverse from the DGs.

3.9. Larger Pressurizer

The larger pressurizer volume in System 80+, as compared to the existing generation of
commercial nuclear power plants, makes the plant response to transients slower with more limited
pressure excursions. The larger volume also helps prevent emptying the pressurizer, uncovering the
pressurizer heaters, opening the safety valves, and challenging the safety valves with two phase flow.
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3.10. Larger Secondary Inventory in the Steam Generators

The larger secondary inventory in the System 80+ steam generators also makes the plant response
to transients slower. The increased downcomer volume and the 25% increase in steam generator
inventory help reduce pressure and temperature fluctuations during transients and increase the time to
dry out the steam generators. The time required to deplete the secondary inventory of the steam
generators is approximately 50% longer for System 80+ than for System 80.

3.11. Containment Vessel

The design basis pressure for the containment is 365 kPa (53 psig). The analyses documented in
CESSAR-DC demonstrate that pressures resulting from large break LOCAs or main steam line breaks
within the containment will not exceed this design pressure. Calculations also indicate that pressure
limits determined in accordance with ASME Service Level C criteria range from 895 kPa (130 psig) at
an average steel shell temperature of 143°C (290°F) to 826 kPa (120 psig) at a temperature of 232°C
(450°)F. The median ultimate failure pressure ranges from 1297 kPa (188 psia) at 66°C (150°F) to
1103 kPa (160 psia) at 232°C (450°F).

3.12. Secondary Containment

The secondary containment consists of the containment shield building and the annulus between
the steel containment vessel and the shield building. The containment shield building, which houses the
containment vessel and safety-related equipment, is designed to provide biological shielding and external
missile protection for the containment vessel and safety-related equipment. In addition, the Annulus
Ventilation System (AVS) provides a mechanism for substantially reducing or eliminating unfiltered
fission product releases following design basis and severe accidents.

3.13. Hydrogen Mitigation System (HMS)

The large System 80+ containment is designed to prevent hydrogen buildup by natural circulation
and can passively accommodate a metal-water reaction of up to 75% of the core metal without
exceeding a hydrogen concentration of 13% by volume. While it is unlikely that explosion of hydrogen
generated during a severe accident would fail the containment, an igniter-based HMS has been
incorporated into the System 80+ design to provide added assurance that hydrogen concentrations will
be maintained at non-detonable levels even during the most limiting severe accident. The HMS is
designed to accommodate the hydrogen production from 100% fuel clad metal-water reaction and
maintain the average containment hydrogen concentration below the 10% limit for a degraded core
accident. The HMS also has hydrogen recombiners which ensure that the hydrogen concentration is
maintained below 4% during a DBA LOCA.

The HMS consists of two redundant groups of igniters, each group having independent and
separate control, power, and igniter locations to ensure adequate coverage within the containment. The
igniters can be powered from any one of four sources: normal offsite power, on-site emergency diesels,
batteries, and the alternate AC power source (i.e., the combustion turbine generator). The igniter
enclosures provide protection from water jet impingement and minimize the temperature rise inside the
igniter assembly. The HMS is a manually actuated system designed to allow controlled burning of
hydrogen at low concentrations to preclude hydrogen concentration build-up to detonable levels.

3.14. Cavity Flooding System (CFS)

The CFS (Figure 7) provides a means of flooding the reactor cavity in the event of a severe
accident for the purpose of cooling the core debris in the reactor cavity and scrubbing fission product
releases. The cavity flooding system is designed (in conjunction with the containment spray system) to
provide an inexhaustible, continuous supply of water to quench the core debris. The CFS is a manually
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Figure 7. Reactor Cavity and Cavity Flooding System

actuated severe accident mitigation system. The components of the CFS include the In-Containment
Refueling Water Storage Tank (IRWST), the Holdup Volume Tank (HVT), the reactor cavity, connecting
piping, valves and associated power supplies. The CFS takes water from the IRWST and directs it to the
reactor cavity. The water flows first into the HVT by way of four 30.5 cm (12 in) diameter HVT spillways
and then into the reactor cavity by way of two 25.4 cm (10 in) diameter reactor cavity spillways.

3.15. Reactor Cavity Design

The System 80+ reactor cavity (Figure 7) is configured to promote retention of, and heat removal
from, the core debris during a postulated severe accident, virtually eliminating the potential for
significant DCH-induced containment loadings. The System 80+ cavity includes 906 m3 (32,000 ft3) of
free volume. Large (and well vented) volumes such as those in System 80+ are not prone to significant
pressurization resulting from vessel breach or the corium quench processes.

The vertical instrument shaft permits only limited gas venting, minimizing the potential for
corium entrainment and discharge via this path. Corium not entering the shaft will be captured in the
large debris retention chamber.

The design of the System 80+ reactor cavity ensures that actual venting to the upper containment
either by the vertical instrument shaft or around the reactor vessel flange is small. Thus, steam exits the
reactor cavity via a convoluted pathway above the top of the core debris chamber and through louvered
vents under the refueling pool. In addition, System 80+ has an offset core debris chamber designed to
de-entrain and trap debris ejected during a reactor vessel breach. The core debris chamber and the
instrument shaft have been designed such that following a failure of the reactor vessel, high inertia core
debris would de-entrain and collect in the debris chamber while the lower inertia steam/hydrogen/air
mixture would negotiate a right angle turn and exit the reactor cavity via a convoluted vent path.

The reactor cavity is sized and configured to spread out the ejected core debris over the floor
surface area during a postulated severe accident so as to meet the criterion of 0.02 m2 per MWt of
surface area below the vessel. The cavity floor and sump are constructed with a limestone aggregate
concrete with a minimum CaCC>3 content of 17 percent. The flat floor area is free from obstructions to
corium debris spreading. The minimum flat floor area for the reactor cavity is 64.4 m2 (693 ft2). Within
the reactor cavity, the containment shell is protected from corium debris by a concrete basemat layer
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varying from 0.9 m (3 ft) to about 1.5 m (5 ft) thick. Assuming flooded cavity conditions, it is
conservatively estimated that this thickness of concrete flooring will protect the containment shell from
corium debris contact for more than 30 hrs at its thinnest point. In addition, the structural concrete
below the containment pressure boundary provides at least 5 m (16 ft) of concrete which acts to prevent
basemat melt-through for at least eight days.

Calculations show that the reactor vessel and the upper cavity could continue to be supported
even if the entire lower cavity walls below the corbels were either eroded by corium attack or destroyed
by a steam explosion. Reinforcing steel between the interface of adjacent walls with the upper cavity
wall provide enough resistance through shear friction to provide this support without relying on support
from the lower cavity wall. An Ex-Vessel Steam Explosion (EVSE) may occur when corium debris
contacts a water pool. EVSE consequences with respect to containment integrity, however, are expected
to be insignificant. EVSEs are not expected to be capable of damaging the reactor cavity structures
required for support of the reactor vessel or RCS. All "in-cavity" structures that may be damaged by
such explosions will be confined to non-load bearing structures and thus will not compromise
containment integrity.

4. HIGH AVAILABILITY

One of the key objectives of the System 80+ design is to maximize the operational availability of
the plant. An important component of this objective is incorporating the necessary features in the plant
design to minimize the time required to conduct the Refueling and Maintenance Outages. The following
two outage scenarios have been analyzed:

Refueling-Only Outage

Normal Refueling-Maintenance Outage

4.1. Refueling-Only Outage

The basis for the Refueling-Only outage are the requirements provided in the ALWR URD. This
document states "The ALWR fueling and refueling systems shall be designed such that the reactor can
be refueled in a maximum of time of 17 days between the opening and closing of the plant output
breaker. The Plant Designer shall provide a time-sequence analysis of all refueling tasks to verify that
the 17 day requirement can be met. The tasks included in the refueling outage are only those tasks
which must be performed each time the reactor is refueled."

The tasks that must be performed at each refueling outage include the following:

Shutdown and cooling the Reactor Coolant System

- Disassembly of the Reactor Head Area

- Replacement of one-third of the fuel assemblies and in-core shuffle of
the remaining two-thirds of the fuel assemblies

- In-core instrumentation assembly handling including replacement of
approximately one-third of the assemblies

Re-assembly of the Reactor Head Area

Testing and heatup of the Reactor Coolant System

For the System 80+ design, the time required for the refueling-only outage is sixteen (16) days -
meeting the 17-day requirement of the ALWR URD.
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4.2. Normal Refueling and Maintenance Outage

The Normal Refueling-Maintenance Outage for System 80+ has a duration of 21 days from the
time the generator is disconnected until the generator is reconnected to the grid. During this outage,
maintenance and testing is performed on plant systems during the refueling. In addition to the tasks
performed during the Refueling-Only Outage, the following tasks are included in the outage schedule:

- Main Turbine/Generator maintenance and inspection

- Steam Generator tube inspections

Reactor Coolant Pump seal replacement (two pumps per outage)

System inspection and maintenance

- Instrumentation calibrations

- In-service Inspections of systems

The time required to handle the fuel assemblies and verify the fuel assembly positions in the core
is less than 80 hours and the total time for the complete refueling-maintenance outage is only twenty-one
(21) days.

4.3. Operational Availability Summary

The System 80+ design includes the capability of either an 18-month or a 24-month refueling
cycle. For an 18-month refueling cycle with only a refueling outage, the availability would be greater
than 97%. With a refueling-maintenance outage, the availability would be greater than 96%. However,
most refueling cycles also include unscheduled shutdowns and recent experience has shown that, for
System 80+, 14 days of maintenance-only outage work could be expected during an 18-month fuel
cycle. With a maintenance-only plus a refueling-only outage, the System 80+ availability would be
greater than 94%.

For the past three years, the System 80 designs in operation have operated with an average
availability of greater than 87% (based on World Nuclear Performance data) and some units have
operated with availabilities well over 90%. Therefore, the availabilities stated above for the System 80+
design appear to be reasonable in view of the advanced design features discussed in this paper.

5 REDUCED COST

The savings resulting from the increased availability due to shorter refueling outages are
$1,975,000 per year, based on a replacement power cost of $25,000 per hour. Other significant areas of
savings are decreased staffing requirements due to reduced maintenance and inspection requirements,
which are the bulk of the total savings. The decreased volume of potentially radioactive liquid and solid
waste is another major area of savings. As most of the savings are associated with refueling outages and
work performed concurrent with the refueling outages, the yearly savings are based on an eighteen-
month fuel cycle.

The System 80+ design is based on the ALWR URD, which includes features for more
economical maintenance operations. A key objective of the design has been to provide the necessary
features to minimize the time and manpower required to perform operation and maintenance activities.

ABB, along with a US utility, has quantified the operation and maintenance cost savings
associated with the System 80+ design. This study was performed by identifying the features included in
the System 80+ design that result in operation and maintenance savings. The features were reviewed to
determine the affects on different activities in the plant. A comparison was made between the System
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Table 1 System 80+ Operations and Maintenance Cost Reductions

PLANT FEATURE

Building Layout Improvements

System Simplifications Due to Building Layout
Improvements

System Layout and Design for Maintenance
Improvements

Improved Radwaste Handling and Equipment
Drains

Improved Work Flow During Refueling

TOTAL

SAVINGS ($) PER CYCLE

$4,574,000

$7,578,000

$6,016,000

$770,000

$1,947,000

$20,885,000
(18-month cycle)

80+ design and experience at currently operating nuclear plants to determine the reduction in activity
times and materials. Experienced plant operators and maintenance staff participated in the study to
ensure an accurate assessment of the System 80+ features. The specific features and corresponding
savings are summarized in Table 1.

The savings in Table 1 correspond to an annual savings of $13,930,000 and savings of
$835,800,000 over the 60 year life of a System 80+ plant. These savings are annual savings per unit
and would double for a two-unit site.

6. CONCLUSION - IMPROVED SAFETY AND ECONOMICS

Design advancements incorporated into the System 80+ design have resulted in a lower total core
damage frequencies (CDF) and lower offsite large release frequencies for hypothetical severe accidents.
Using methods reviewed and approved by the NRC, the total CDF was decreased to <3.5E-6
events/year, easily meeting the ALWRgoal of 1.0E-5 events/year. Similarly, the large release frequency
was reduced to <5.3E-8 events/year, well below the ALWR goal of 1.0E-6 events/year. In addition, for
an individual at the site boundary, the mean individual Total Effective Dose Equivalent weighted over
all core damage events is only 0.0052 Sv.

In view of this improved safety and the operations and maintenance benefits summarized in the
previous sections, the System 80+ design meets the requirement that ALWRs be more economical as
well as safer.

442


