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Abstract

Nuclear power generated by light water reactors accounts for approximately 1/3 of Japan's power supply.
Development of the Advanced Pressurized Water Reactor (APWR) was initiated by five PWR electric power
companies (Hokkaido, Kansai, Shikoku, Kyushu and Japan Atomic Power), Mitsubishi Heavy Industries, and
Westinghouse, with a view to providing a nuclear power source to meet future energy demand in Japan. The
APWR was developed based on the results of the Improvement and Standardization Program, promoted by the
Ministry of International Trade and Industry, with reconsideration of the needs of age, such as construction cost
reduction, enhanced safety and increased reliability. One of the important concepts of the APWR is its large
power rating that decreases the construction cost per unit of electric generation capacity. Though the electric
output was lower at the early stage of basic design than it is now, uprating to approximately 1530 MW is
achieved based on the results of design progress and high efficiency improvements to the steam turbine and
reactor coolant pumps. Furthermore, the APWR remarkably enhances reliability, safety operability and maintain-
ability by introducing new technologies that include a radial reflector and advanced accumulators. The first
APWR is planned to be built at Tsuruga No. 3 and No. 4 by the Japan Atomic Power Company and will be the
largest commercial operation plant in the early 21st century.

1. INTRODUCTION

The advanced PWR has been developed as a nuclear power plant for future use in Japan, in a
joint international co-operative development project by seven companies comprising the five PWR
electric power companies (Hokkaido, Kansai, Shikoku, Kyushu and the Japan Atomic Power com-
pany), Mitsubishi Heavy Industries and Westinghouse. Its development was part of the Improvement
and Standardization Program of the Ministry of International Trade and Industry. In the APWR,
advanced technologies based on the operational experience gained up to now have been incorporated.
Furthermore, the performance, ease of control, reliability, and safety of the plant have been increased,
and the construction cost reduced, due to the benefits of scale resulting from the increase in capacity.
Here we introduce some outstanding features of this new APWR.

2. DESCRIPTION OF NUCLEAR SYSTEMS

2.1 Primary circuit and its main characteristics

Table 1 shows a comparison of some major parameters between the APWR and a current four-
loop plant. The APWR is in the largest capacity class of LWRs in Japan and has adopted high perfor-
mance steam generators and a highly efficient turbine with 54 in. (1370 mm) last stage blades.
Various improvements have been incorporated in the reactor core in order to reduce uranium require-
ments, and to provide increased flexibility for various applications such as the use of MOX cores and
high burn-up fuels.

Critical equipment such as core internals and steam generators have been designed with the
operational experience of aging at existing plants taken into account so that a high degree of reliabi-
lity can be obtained. To ensure safety, the reliability of the equipment and systems has been increased.
For instrumentation and control systems, the latest digital control technologies have been incorporated
not only in the reactor control system but also in the reactor protection system. As well, the latest
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electronics technologies to improve the man machine interface have been introduced in the main
control room. In order to make the plant easier to maintain a variety of improved technologies have
been incorporated, thus improving the efficiency of periodical inspections and reducing exposure for
employees.

TABLE 1 MAJOR APWR PARAMETERS

Electric power output
Thermal power
Fuel type
Number of fuel assemblies
Fuel effective length
Total uranium inventory
Reactor vessel

Steam generator
Heat transfer surface area (m2)

Primary system flow
(m3/h/loop)
Turbine
Containment
Engineered safety systems

Refueling water storage
Reactor protection system
Reactor control system
Main control room

Current four-loop PWR

1,180 MWe
3,411 MWt
17x 17
193
Approx. 3.7 m
Approx. 89 MTU
Approx. 4.4 m inner dia.
& 13 m height
4870

Approx. 2.01 x 104

TC6F44
PCCV
Two trains

Outside containment
Analog
Digital
Standard

APWR

Approx. 1,530 MWe
Approx. 4,450 MWt
Improved type 17x17
257
Approx. 3.7 m
Approx. 120 MTU
Approx. 5.2 m inner dia.
& 14 m height
6500

Approx. 2.58 x 104

TC6F54
PCCV
Four trains of mechanical
systems
Inside containment
Digital
Digital
Improved

2.2 Reactor core and fuel design

The reactor core, consisting of 257 improved 17 x 17 fuel assemblies, has a thermal output of
approximately 4450 MWt. Considering the need to reduce fuel cycle costs and future needs for MOX
reactor cores and high burn-up cores, a variety of improvements have been incorporated in the reactor
core. The core has also been designed so that it can use plutonium fuel with 1/3 or more MOX cores,
and is flexible enough to use fuel with a burn-up having long operating cycles.

In order to reduce fuel cycle costs, the fuel assemblies are provided with Zircaloy grids to
reduce neutron absorption; the core is surrounded by a reflector to reduce neutron leakage, thus
increasing neutron efficiency.

The reactor uses improved 17 x 17 fuel assemblies based on the 17 x 17 fuel that has operated
well in existing plants. The design adopts Zircaloy grids, as described above, and longer plenum in the
fuel rod, allowing it to be used for high burn-ups and increased loadings of MOX fuel.

2.3 Primary system components

2.3.1 Reactor pressure vessel

Although the reactor vessel inside diameter has been increased to approximately 5.2 m in order
to accommodate 257 fuel assemblies, the vessel is made with forged rings and has no longitudinal
welds in the core area, in contrast to the latest four-loop plants. The neutron irradiation of the steel
opposite the core has been reduced to approximately 1/3 of present reactors by installing a radial
reflector, thus increasing the reliability of the reactor vessel.
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4) 4.4 m

(a) Current A Loop PWR (b) APWR

FIG. 1. A comparison between the APWR and a current PWR.

In order to reduce susceptibility to corrosion cracking of the penetrations of the reactor vessel
head, the nozzle material has been improved (from alloy 600 to heat-treated alloy 690) and the
primary coolant temperature in the reactor vessel head is designed so that it is reduced to same
temperature as the reactor inlet.

A comparison between the APWR and a current four-loop plant is shown in Figure 1.

2.3.2 Reactor internals

The radial reflector, consisting of eight rings of stainless steel blocks, not only reduces fuel
cycle costs but also reduces the irradiation of the reactor vessel and core internals. Through instal-
lation of the radial reflector, neutron irradiation of the reactor vessel can be reduced to 1/3 that of
present reactors. In present reactors, the core baffle is a plate structure held together with 2000 or
more bolts, whereas the new radial reflector has a simple construction which does not use bolts in the
core region. Moreover, there are no welds in the core region. As a result, a high reliability can be

(a) Baffle / Former In conventional PWR

Core Banal

(b) Radial Reflector In APWR

FIG. 2. APWR radial reflector.
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expected, even for a longer design life. Figure 2 shows the radial reflector compared with the conven-

tional PWR structure.
In addition to the radial reflector, other components have been improved to reduce vibration

due to fluid flow, thus reducing wear of the lower support plate that stabilizes the flow inside the
lower plenum.

2.3.3 Steam generators

The APWR has adopted large type steam generators (Type 70F-1) having an increased capacity
to match the increased capacity of the reactor core. The heat-transfer tubes are 3/4 inch (19 mm) in
diameter, which is smaller than the 7/8 inch (22 mm) used in existing plants. This reduced size results
in a more compact steam generator that is more resistant to earthquakes.

The heat-transfer tubes of the steam generators are made of thermal treated alloy 690 (TT690).
The design of the anti-vibration bar in the U-bend area of the heat-transfer tubes has been improved to
reduce the risk of flow induced vibration of the heat-transfer tubes.

In addition, in order to make it easier to do maintenance and inspections, accessibility has been
improved by increasing the diameter of the manholes and in other ways. Figure 3 shows several
design features of the APWR steam generator.

2.3.4 Reactor coolant pumps

Because the primary coolant pump has to supply a flow approximately 30% larger than that of
an existing primary coolant pump, a 100A type pump (60 Hz), which is larger in capacity than the
existing 93A-1 type, has been adopted. Heat-resistant 0-rings, as well as ceramic material that has
larger size and excellent durability, are employed for the improved No. 1 seals, aiming at
enhancement of the reliability during both normal and abnormal operation.

2.3.5 Main coolant pipe

For piping material, low alloy steel with stainless steel lining has been chosen from the point of
view of enhanced reliability and inspectability.

Steam Dryer with single tier
arrangement

Moisture Separator with Small-
sized (20") risers

Improved Anti-Vibration Bars

Tubes with excellent corrosion
resistance
Thermal Treated 690 alloy 3/4" O.D

FIG. 3. APWR steam generator.
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2.4 Reactor auxiliary systems

2.4.1 Reactivity control system

The reactivity control system injects highly borated water via the direct vessel injection (DVI)
nozzle to the core, using two emergency boration pumps that take water from the boric acid tank
(commonly used by chemical and volume control systems).

The major purpose of this equipment installation is to inject boron into the reactor following an
excessive cooling event, such as a main steam pipe break, in order to rapidly achieve sub-criticality of
the core after the occurrence of the accident.

2.5 Operating characteristics

The reactor is designed so that it can be operated automatically within the range of 15 to 100%
of rated power by the reactor control system. Even in the low power range below 15%, the control rod
control system can control the reactor automatically in the low power operating mode.

Usually the primary coolant average temperature is controlled to a programmed value that
increases linearly with turbine output. When daily load following is used, however, the primary
coolant average temperature is controlled to a variable reference temperature in order to reduce the
amount of water that has to be processed.

The reactor control system is designed so that it can follow the load changes listed below
without causing a reactor trip.

• a 10% step load change (within the range of 15 to 100%)

• a 5% per min ramp load change (within the range of 15 to 100%)

• a 100% load rejection

With respect to the load fluctuation to meet the grid demand, the following is planned:

• Daily load-follow operation of 100%-50%-100%

• Automatic frequency control or governor control to control system frequency up to 5% power.

3. DESCRIPTION OF TURBINE GENERATOR PLANT SYSTEM

3.1 Turbine generator system

The high-pressure turbine is a double flow turbine in which reaction blading is used in all
stages.

Each low-pressure turbine is a double flow turbine with reaction blading. The last stage blades
are 54 inch (1370 mm) blades that increase the electric power output and efficiency. The high perfor-
mance blades, multiple seals, and the new high performance guide vanes further increase the
efficiency. In addition, the moisture extraction system has been improved to reduce erosion.

The 54 inch last stage blade has been subjected to vibration tests and actual load tests in order
to demonstrate that the turbine will have high performance and reliability. The performance has also
been demonstrated in actual machines.

The moisture separator/reheater has a two-stage heater, and can achieve high efficiency. The
turbine building has been reduced in size by reducing the outside dimensions of the moisture
separator and adopting the so-called four-neck heater system, in which four feed heaters are installed
in the neck of the condenser, in contrast to a conventional plant, which usually has two low-pressure
feed heaters in this location.
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The approximately 1530 MWe electric generator, which is of 4-pole type, has a larger rotor
diameter than previous machines in order to increase the output. The rotor windings are cooled by
hydrogen gas, while water is used for cooling of the stator. Excitation is provided by a brushless static
system.

3.2 Condensate and feedwater systems

The feed heaters in the condensate and feedwater systems use seven extraction stages in order
to increase the efficiency. In particular, the deaerator is installed on the upstream side of the final
high-pressure feed heater to obtain the benefits of a direct contact heat exchanger.

The condensate and feedwater systems consist of 3 trains of five stages of LP heaters, the
deaerator and 2 trains of single stage HP heaters.

The feed heater tubing material is expected to be changed to stainless steel, in order to avoid
corrosion of the LP feed heater tubes caused by the ammonia added for control of water purity.

The capacity of the pumps installed in the condensate system is 2 x 50% units, plus one unit as
spare. The capacity of the pumps installed in the feedwater system is 2 x 50% units with one 25%
spare unit.

4. INSTRUMENTATION AND CONTROL SYSTEMS

4.1 Design concepts including control room

The main control room is provided with compact consoles on which CRTs and flat display
panels are mounted. Conventional operating and monitoring devices such as switches, lamps, indica-
tors, and recorders have been eliminated.

The plant is operated by touch-screen operations, and the monitoring information necessary for
operation is displayed on the same screens as those used for operating the plant. Therefore, the work
load of the operators is reduced and the reliability of operation is increased.

On the wall of the main control room, a large display panel is installed to display the major
monitoring parameters for normal and abnormal conditions of the entire plant. Thus, the current status
of the entire plant can be understood by everyone and communication between operators is improved.

4.2 Reactor protection system and other safety systems

The reactor protection system and other safety systems are digital and functionally distributed.

The reactor protection system consists of four channels, including the reactor trip breakers.
Each channel is formed with multiple digital devices so as to provide redundant protection functions
and to separate the reactor protection function from the other safety system operating functions.

The other safety systems consist of two trains. Each train has two sets of digital devices. To
interface these systems with the auxiliary equipment in the plant, remote input/output devices
arranged in a distributed fashion throughout the plant are connected to the host computer through
optical fiber cables, thus reducing the volume of wiring.

The reactor protection system and other safety systems are provided with automatic test
equipment so that periodical tests can be carried out fully automatically.

To achieve high reliability, the software used for the digital safety systems is modularized and
simplified, with symbolic language used in the design. Verification and validation tests are to be
carried out to the maximum extent possible.
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In addition, as a countermeasure against accidental problems with the safety system software
resulting in any common cause failure, we plan to install backup switches in the main control room
for those critical safety functions for which there is sufficient time for operator action.

5. ELECTRICAL SYSTEMS

5.1 Operational power supply systems

The operational AC power supply system can receive external power from the main power
supply system and from the standby power supply system. Power from the main power supply system
comes through the main transformer and plant transformers. When the plant is operating normally, the
main generator is connected to the external power system, and when the main generator is stopped, it
is disconnected from the external power system by the generator load break switch GLBS. Therefore,
the operational AC power supply system can receive power through the plant transformers continu-
ously independent of whether the main generator is operating or not. If the main power supply system
fails and the plant does not continue to operate independently, power will be received through the
standby power supply system. Power from the standby power supply system is received through the
standby transformer, which has sufficient capacity to maintain the plant, or hot standby conditions,
and enable it to be shut down safety.

The buses of the operational AC power supply system are divided into two main groups:

• 6.6 kV high voltage and 440 V low voltage systems, each comprising normal buses to supply
power to loads such as primary coolant pumps, feed pumps and other equipment required for
normal plant operation;

• two trains of emergency buses to supply power to loads such as high-pressure injection pumps
and other equipment required for the safety of the plant.

In addition to the above AC power supply systems, an AC power system has been provided,
which can be supplied from batteries in the event of an interruption or total loss of all AC power, as
has instrumentation and control power supply (consisting mainly of inverters) for supplying power to
the instrumentation and control equipment that are mainly computer loads.

5.2 Safety-related systems

The emergency power systems for supplying power to the operating power systems when an
accident occurs in the plant, or there is a loss of external power, include the emergency diesel
generators and battery equipment. The emergency diesel generators start automatically and
immediately, if an accident occurs or external power is lost, to supply power to the emergency buses.
The emergency power systems are configured redundantly, and the safety of the plant can be secured
with only one train of emergency power.

The DC power supply system can supply power to the instrumentation control power system
during an instantaneous power failure. It has sufficient capacity to also supply the switchgear that
must operate following a loss of external power, as well as to supply the excitation current for the
diesel generators. Furthermore, it has sufficient capacity for maintaining the safety of the plant
following a total failure of all AC power.

The bus configuration for the emergency power system is designed so that it is consistent with
the configuration of the plant safety systems. As a result, the AC and DC power systems are divided
into two trains, and the instrumentation and control power system is divided into four trains to be
consistent with the four channels.
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6. SAFETY CONCEPTS

6.1 Safety requirements and design philosophy

The configuration of the ECCS mechanical systems has been changed from the conventional
two trains to four trains to give more redundancy and independence. Tie lines between loops have
been eliminated to simplify the systems and increase the reliability.

In existing plants, refilling of the reactor vessel and re-flooding of the reactor core after a
LOCA accomplished by both the accumulators and low-pressure injection pumps. In the APWR,
however, advanced accumulators with two-stage discharge characteristics have been adopted and the
conventional low-pressure injection pumps have been eliminated to simplify the equipment and
increase reliability. The refuelling water pit is installed inside the containment, thus eliminating the
operation of changing the suction from the refuelling water tank to the containment recirculation
sump, which is necessary during an accident in existing plants. A comparison between the ECCS of
an existing plant and the APWR is shown in Figure 4. The APWR is expected to have a core damage
frequency that is at least one order of magnitude lower than that of an existing plant.

6.1.1 Deterministic design base

The safety design of an APWR satisfies, from a deterministic design point of view, the design
criteria for design base events. Using probabilistic assessments, the APWR is designed so that it has
sufficient margins beyond those required for design base events. The design base events are abnormal
operating conditions classified into two groups: abnormal operating transients and accidents during
operation. Safety criteria have been set for each group. The standards for radiation exposure are
specified for normal operation and for accidents, thus reducing the risk to the general public and to
employees to below allowable limits.

6.1.2 Risk reduction

To further reduce risk and provide increased protection, the reactor is designed to have a high
degree of safety through simplification, economy, and ease of maintenance. Specifically, it is
designed with the following design targets:

• The core damage frequency during power operation should be used as a quantitative index for
the increase in safety. As a target, the probability should be reduced to about 1/10 that of the
most recent Japanese PWR.

SIP = Safety Injection
Pump

HP = High-Head Safety
Injection Pump

LP = Low-Head Safety
Injection Pump

CSP = Containment Spray
Pump

ACC = Accumulator
RWSP = Refuelling Water

Storage Pit

RWSR

CSP CSP

SIP

Current 4-Loop PWR
(2 divisions)

APWR
(4 divisions)

FIG. 4. APWR emergency core cooling systems compared with current PWR.



• The core damage frequency during shutdown should be approximately the same as the target
for power operation.

• For further protection, the containment failure probability (CFP) should be reduced to an
appropriate level (to approximately 1/10 the core damage frequency, as a target).

• The structure of containment should be designed so that its functions can be maintained as a
target for one day during quasi-static pressurization following a severe accident. For premature
failure modes caused by missiles and dynamic loads, countermeasures should be taken for
equipment, etc.

In particular, these measures are concretely classified as follows.

• Countermeasures against core damage during power operation.
Although a sufficiently low core damage frequency can be achieved as a result of the increase
in safety provided by the four sub-system safety systems, installation of the emergency water
source inside the containment, etc., countermeasures against an interface LOCA and other
events have been also taken for further risk reduction.

• Countermeasures for increased safety during shutdowns.
These include installation of an automatic interlock to isolate the letdown line when the RCS
water level is lowered, improvement of water level monitoring, improvement of the RCS water
injection function during shutdowns and other countermeasures. These countermeasures will
reduce possible risks.

• Countermeasures for mitigating the effects of an accident.
These include the use of the CV air re-circulation systems, alternate sprays supplied from the
fire service water systems, countermeasures for hydrogen control, etc., and, at the same time,
countermeasures, such as water injection into the cavity from the fire service systems, as well
as improvement of the cavity shape, against events that could become a potential threat to the
containment.

6.2 Safety systems and their characteristics (active, passive, and inherent)

6,2.1 Safety System Configuration

The primary safeguards system consists of the safety injection system and containment spray
system, which are installed in conventional nuclear power plants and for which the equipment has
been integrated functionally.

The primary safeguards system consists of four identical and independent mechanical sub-
systems. Power is fed from two independent and redundant emergency power systems.

The basic configuration is as follows.

• Four sub-systems, each having one safety injection pump, containment spray/residual heat
removal pump, and containment spray/residual heat removal cooler

• One refuelling water pit installed in the containment

• Four advanced accumulator tanks

The advanced accumulators refill the reactor vessel lower plenum and downcomer immediately
after a LOCA, with a medium to large break size, then inject water to re-flood the core and function as
both the accumulator tank and low-pressure injection pump of a conventional plant. Therefore, the
pump that has the function to inject water into the core is the safety injection pump only.

The safety injection pump is connected so that it takes water from the refuelling water pit and
feeds cooling water to the reactor vessel. The refuelling water pit is located at the bottom of the
containment vessel.
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FIG. 5. Outline of the advanced accumulator.

The containment spray/residual heat removal pumps are used as residual heat removal pumps,
and also used as containment spray pumps.

The auxiliary feedwater system (AFWS) supplies the auxiliary feedwater to the steam genera-
tors when the normal feedwater system is not available. This system consists of two electric auxiliary
feedwater pumps and two turbine-driven auxiliary feedwater pumps.

6.2.2 Advanced Accumulator

The advanced accumulator of the APWR injects boric acid water by means of pre-charged
nitrogen pressure inside the tank, the same as in the conventional type. The main modification is the
installation of a stand pipe and a vortex damper inside the tank to change the injection flow rate by
utilizing "fluidics" technology as described below. Figure 5 shows the outline of the advanced accu-
mulator tank and its internal structure.

In the conventional design, accumulators supply cooling water with large flow rate during the
early stages and relatively small flow rate injection during the later stages, using both low head and
high head injection pumps.

The advanced accumulators inject cooling water into core with large flow rate in a way similar
to that of conventional accumulator design during early stages of Large Break LOCA. However, they
passively change the injection flow to a relatively smaller rate during the later stages, thus serving the
function of conventional low head injection pumps. After core re-flooding is terminated and accumu-
lator tanks become empty, long-term core cooling is performed by high head injection pumps, which
have enough capacity to remove decay heat from core.

Figure 6 shows the flow characteristics of the advanced accumulator compared with those of
conventional type.

6.2.3 Safety Injection System

The emergency core cooling function of the primary safeguards system is to feed sufficient
cooling water into the core in a LOCA.

When a safety injection signal is initiated, the safety injection pumps start automatically and
take water from the refuelling water pit located in the containment, injecting cooling water directly
into the reactor vessel without passing through the loop.
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FIG. 6. Flow injection characteristics of the advanced accumulator.

Immediately after the blow-down of the primary coolant during a LOCA caused by a large or
medium-sized break, the advanced accumulators are used to refill water into the reactor vessel lower
plenum and downcomers, and to inject cooling water until the core is re-flooded. At the start of
injection, cooling water is injected at a large flow rate, when the water in an accumulator reaches a
certain level, the flow damper changes the flow to a smaller or rate, which provides an injection flow
similar to that given by the safety low head injection pumps in current plants.

6.2.4 Containment Spray System

Four containment spray/residual heat removal pumps and coolers function as a containment
spray system if a LOCA or main steam line break accident occurs.

When a containment spray is initiated, the stop valves in the pump discharge lines open
automatically. The spray/residual heat removal pumps take water from the refuelling water pit and
supply it to the containment spray header located at the top of the containment through the spray/resi-
dual heat removal coolers.

This system also has a residual heat removal function for removing decay heat from the core in
normal cooling of plants and refuelling.

6.2.5 In-Containment Water Storage Pit

The refuelling water storage pit has a horseshoe shape, and is located at the bottom level of the
containment.

It provides a continuous source of water for the safety injection pumps and spray/residual heat
removal pumps. Therefore, switching from the refuelling water tank to the containment re-circulation
sump is not necessary, in contrast to conventional plants.

6.2.6 A uxiliary Feedwater System

The auxiliary feedwater system has two motor-driven pumps and two turbine-driven pumps to
increase reliability, when coping with a station blackout.

Upon receiving signals from the reactor protection system, the system starts feeding water
automatically from the condensation pit to the steam generators.
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6.3 Severe accidents (Beyond design basis accidents)

6.3.1 Prevention of severe accident

In the preliminary design of the APWR a safety system with four sub-systems has been
adopted, the RWSP has been located in the containment, advanced accumulators have been included,
and the auxiliary feedwater system and auxiliary cooling water system/sea water system have been
improved functionally. Thus a high level of safety has already been provided to ensure core integrity.

Regarding the interface LOCA that bypasses the containment, the corresponding parts of the
piping in the residual heat removal system have been designed with a higher rating to prevent the
interface LOCA from occurring because such an accident can have very serious consequences for the
environment.

6.3.2 Countermeasures during plant shutdowns

As safety enhancement countermeasures during mid-loop operating mode, which are especially
important during plant shutdowns, the following measures have been adopted: RCS high water level
operation, reinforcement of RCS water level indicators, automatic isolation of letdown line due to low
RCS water level, reinforcement of water injection functions during lowering of RCS water level, etc.,
in order to reduce the probability of core damage.

In addition, as a precaution against the event of abnormal dilution of boric acid during an
external power failure, interlock to prevent boron dilution has been provided.

6.3.3 Mitigation of severe accidents

In an APWR plant, as shown in section 6.1, mitigation of the consequences of a severe accident
is also considered from the viewpoint of risk reduction and further protection. Specifically, as shown
below, countermeasures against those events that threaten the integrity of the containment vessel (CV)
are under consideration.

As countermeasures against debris dispersion, enhancement of the depressurization function of
the primary system and improvement of the RV cavity form has been realized. As countermeasure
against damage by quasi-static over-pressure, the normal CV air re-circulation system and an alterna-
tive CV spray supplied from the fire service water system can be used. These systems can be used to
cool the CV and reduce pressure if the CV spray system is not available.

As a countermeasure against CV damage due to hydrogen combustion, a hydrogen control
system (igniters) will be installed to control the hydrogen concentration.

To provide adequate cooling of molten debris ejected from the reactor vessel, sufficient floor
space will be provided in the reactor vessel cavity and water will be injected into the cavity from the
fire service water system. A i m thick protective wall of concrete will also be provided, so that the
CV boundary is not exposed directly to the debris. Thus, the molten debris will be coolable, and
erosion of the concrete and overheating of the CV atmosphere prevented.

As countermeasures against the dispersion of debris, further enhancement of depressurization
function and improvement of the reactor vessel cavity form are being pursued. It is also considered
that the outlet from the reactor vessel cavity to the other CV spaces should be constructed like a
labyrinth, in order to prevent direct containment heating (DCH) or direct contact of the debris with the
CV boundary.

7. PLANT LAYOUT

The Plant must be laid out so that the safety of reactor facilities is not impaired, and the
exposure dose around the plant is below a specified limit. Also separation of redundant trains, earth-
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quake resistance, and maintenance of the safety system equipment must be considered to give an
optimum arrangement.

7.1 Buildings and structures, including plot plan

Figure 7 shows the arrangement of an APWR plant. The standard arrangement is for a twin unit
plant consisting of two reactor buildings and a common control building, waste building, and turbine
building.

7. /. 1 Design requirements

The buildings, structures, equipment, and pipes are classified into the following three classes:
A, B, and C. The seismic design must be made according to the class concerned.

Class A: Those facilities which contain radioactive materials themselves or are associated
directly with facilities which contain radioactive materials, and which may release radioactive
materials outside the plant if they fail to function properly. Also, facilities which are required to pre-
vent such releases and to reduce the effect of radioactive materials dispersed to the environment if an
accident occurs, and those which have serious consequences for the plant.

Class B: Those that have relatively smaller effects on the plant compared to Class A.

Class C: Those for which safety standards equivalent to those of general industrial facilities are
adequate and facilities not classified as A or B.

Based on the above classifications, the seismic design of the buildings is made by classifying
the reactor building and control building into Class A, the waste building into Class B, and the turbine
building into Class C.

To ensure safety against aircraft impacts, in principle, a site must be selected which is not close
to an airport and air route if aircraft impacts are not to be considered in the design. However, if the
location of the plant makes consideration of aircraft impacts unavoidable, the aircraft impact condi-
tions must be determined properly, and necessary countermeasures must be taken.

The plant must be designed as follows for internal and external events such as jet aircraft,
missiles, and fires.

Jet aircraft and missiles: The design must be made in such a way that the safety of the reactor
is not impaired due to the effects of missiles and broken pipes.

Turbine building

!Sys.'. building...

Containment

Fuel handling building

Waste building

FIG 7. APWR - General view of buildings.
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Reactor containment

Fuel handling building

FIG. 8. APWR — Reactor building cross-section.

Fire: To prevent the safety of reactor facilities from being impaired by fire, the plant must be
designed using a proper combination of three general rules based on the Japanese "Guidance for
Verification of Fire Protection of LWR Facilities for Power Generation."

a. Prevention of fires

b. Detection of fires and fire extinguishing

c. Reduction of the effects of fires

In principle, the structures, systems, and equipment critical for safety must be so designed that
the reactor facilities do not make common use of any one of them provided that, judging from the
functions and construction, it is determined that the safety of the reactor may be impaired by such
common use.

The reactor facilities must be arranged in the plant site of the plant so that the exposure dose to
the general public in those areas outside the controlled areas and around the plant is below a specified
limit. Furthermore, they must be sufficiently far from the site boundary so that the exposure dose
received in areas outside the site during severe accidents and hypothetical accidents is adequately
below the target dose indicated in the Japanese "Guidance for Verification of Reactor Siting."

The interior of the plant must be divided into zones according to the radiation levels, and
suitable radiation shielding must be provided.

7.2 Reactor building

The reactor building consists of the reactor containment facility and the peripheral buildings in
which the fuel handling systems and associated systems are installed. Figure 8 shows the cross-section
of the reactor building.

7.3 Containment

The containment is part of the reactor containment facility and includes the internal concrete
and the annulus. The reactor containment facility is part of the engineered safety systems, which in-
cludes the emergency core cooling system, the containment spray system, and annulus air purification
system.
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The containment system is designed to suppress or prevent the possible dispersion of the large
quantities of radioactive materials which would be released if extensive fuel failures were to occur in
the reactor resulting from damage or failure of the reactor facilities such as the primary cooling
system, main steam system, and feedwater system.

The leakage preventing function of the containment is provided by a 6.4 mm thick steel liner on
the inner surface while the pressure withstanding function is provided by the concrete structure. An
enclosed space (annulus) is formed around the lower part of the containment shell to provide a double
containment and the containment penetrations for pipes, cables, ducts, and air locks pass through the
annulus.

The containment is designed so that the leak-rate is less than 0.1% per day of the weight of air
in the containment at a pressure of 0.9 x maximum design air pressure at normal temperatures.

At this containment leak-rate, the general public will not be affected by radiation even if the
facilities related to the primary coolant system fail or are damaged. Therefore, severe accidents must
also be carefully considered to ensure the integrity of the containment.

In current-day plants, the refuelling water, which is the water supply used after an accident, was
stored in a tank outside the containment. In an APWR, however, in order to avoid a failure to switch
over the water source from the tank to the recirculation sump inside the containment, the refuelling
water is stored in a pit inside the containment.

Also, a proper space has been provided below the reactor vessel so that debris will not concen-
trate in one location if a hypothetical ejection of molten debris occurs, and the space is shaped to
catch the debris easily to prevent it from being splashed, as far as possible, into the general spaces of
the containment.

Although the containment is designed to withstand the maximum design pressure and tempera-
ture determined from the design basis events, there will be no excessive leakage under the pressure
and temperature conditions expected during severe accidents. This must be checked to make sure.

7.4 Turbine building

The turbine generator, condensate and feedwater system auxiliary equipment, and other equip-
ment are installed in the turbine building. The turbine generator is arranged with its axis in line with
the reactor.

The foundation of the turbine building is made of concrete to reduce the thickness of the mat.
The floor of the turbine building below ground level is made of concrete, and the floors above ground
are steel structures that are designed to withstand all loads including the load of the overhead
travelling crane.

The turbine generator systems are arranged so that the space can be utilized effectively not only
during the construction of the plant but also during operation and periodical inspections.

Suitable spaces have been provided for inspection access, transportation of tools for inspections
and maintenance, and disassembly in a way that reduces the volume of the building.

7.5 Other buildings

The buildings and systems have been arranged so as to optimize the relation between the
systems, separation of safety system equipment, seismic resistance, maintenance, etc.
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Abstract

In 1994, a group of European Utilities, together with Westinghouse and its Industrial Partner GENESI (an
Italian consortium including ANSALDO and FIAT), initiated a program designated EPP (European Passive
Plant) to evaluate Westinghouse Passive Nuclear Plant Technology for application in Europe [1,2]. In Phase 1
of the European Passive Plant Program which was completed in 1996, a 1000 MWe passive plant reference
design (EP1000) was established which conforms to the European Utility Requirements (EUR) [3] and is
expected to meet the European Safety Authorities requirements. Phase 2 of the program was initiated in 1997
with the objective of developing the Nuclear Island design details and performing supporting analyses to start
development of Safety Case Report (SCR) for submittal to European Licensing Authorities. The first part of
Phase 2, "Design Definition" phase (Phase 2A) will be completed at the end of 1998, the main efforts being
design definition of key systems and structures, development of the Nuclear Island layout, and performing
preliminary safety analyses to support design efforts [4, 5, 6]. The second part, "Phase 2B", includes both the
analyses and evaluations required to demonstrate the adequacy of the design, and to support the preparation of
Safety Case Report. The second part of Phase 2 of the program will start at the beginning of 1999 and will be
completed in the 2001. Incorporation of the EUR has been a key design requirement for the EP1000 from the
beginning of the program. Detailed design solutions to meet the EUR have been defined [4, 6, 7] and the safety
approach has also been developed based on the EUR guidelines. This paper integrates and updates the plant
description reported in the IAEA TECDOC-968 [8]. The most significant developments of the EP1000 plant
design during Phase 2A of the EPP program are described and reference is made to the key design requirements
set by the EUR Rev. B document.

1 INTRODUCTION

In 1994, a group of European Utilities, together with Westinghouse and its Industrial Partner
GENESI (an Italian consortium including ANSALDO and FIAT), initiated a program designated EPP
(European Passive Plant) to evaluate Westinghouse Passive Nuclear Plant Technology for application
in Europe [1, 2]. The initial European utility group included the following organizations:

• Agrupacion electrica para el Desarrollo Tecnologico Nuclear (DTN), Spain
• Electricite de France, France
• ENEL, SpA., Italy
• Imatran Voima Oy, Finland
• Scottish Nuclear Limited (acting for itself and on behalf of Nuclear Electric pic), U.K.
• Tractebel Energy Engineering, Belgium
• UAK (Represented by NOK-Beznau), Switzerland
• Vattenfall AB, Ringhals, Sweden

In Phase 1 of the European Passive Plant Program, which was completed in 1996, a 1000 MWe
passive plant reference design (EP 1000) was established which conforms to the European Utility
Requirements1 (EUR) [3] and is expected to meet the European Safety Authorities requirements.

The EUR (European Utility Requirements) effort was launched in December 1991 by five European Utilities, later joined
by four others. The main objective of the EUR organization is to produce a common set of utility requirements, endorsed
by major European utilities for the next generation of Light Water Reactor (LWR) nuclear power plants.
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