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ABSTRACT

When entering into a design program that is a marriage between two designs it is very difficult to
separate self imposed design criteria from the requirements of the program. Therefore, the criteria of
and the requirements for the Westinghousc modernization program will be discussed as one. These
are outlined below:

• The OSART Mission that was conducted by the IAEA at the Temelin Plant in 1990
identified the need to provide a new comprehensive Safety Analysis to verify the various
aspects of the W E R safety system design. This recommendation is one that Westinghouse
will provide as part of the VVER I&C Modernization Program. The design, no matter how
well proven or verified from a hardware design point of view, is only as good as the basis for
the system design.

• Minimize the impact on the civil design aspects of the plant where possible and where this
requirement does not impact the safely features of the design.

• Ensure compatibility of the design to meet the latest USNRC and implementing country's
requirements applicable to the systems functional and hardware designs. This is a
Westinghousc standard corporate requirement for all nuclear plant and systems design
whether they be foreign or domestic.

• Provide the most modern, proven design for t! e I&C systems.

The application of the Westinghouse Instrumentation and Control microprocessor based design to the
W E R Modernization Program is on that provides the base for upgrading plants to meet western
standards.
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INTRODUCTION

As Eastern European countries made the decision to modernize and update their energy systems
including the modernization and "westernization" of the Soviet designed nuclear power plants, they
looked to various Western agencies such as the International Atomic Energy Association (IAEA) to
help define the necessary changes to laeet the western criteria. Westinghouse was requested to
participate as a part of various IAEA OSART missions. Westinghouse was also requested by various
utilities to provide recommendations and offers for the modernization and upgrading of the Safety
and Control systems. With the Westinghouse technology being the most widely applied and their
position as the acknowledged leader of the world's nuclear industry, they were called upon to bring
this leadership and knowledge to bear on the modernization of the nuclear program in Eastern
Europe as wcil as the former Soviet Union.

This paper will dwell on the aspects of the modernization and "westernization" of the Instrumentation
and Control Systems (I&C) Designs including the plant information systems to support the improved
operation and safety aspects of the W E R designs.

The timing of the modernization program in Eastern Europe coincided with the upgrade and
modernization of many of the nuclear plants in the United States as well as those in Europe. Many of
the older plants in the U.S. and Europe were ready to take the leap in technology that would provide
the plants with a modern microprocessor designed safety and control systems. These systems are1

designed to not only reduce the maintenance requirements and costs, but to provide additional levels
of safety with such features as on-line testability and automated surveillance testing. This paper
describes the architecture and features of the Westinghouse I&C system designs, exploring the
background as well as the benefits of these systems. These attributes are not only applicable to the
W E R designs, but to all back fit and new reactor designs as well. It should be noted the architecture
described is also the I&C architecture of the new Westinghouse AP-600, and Nuclear Electric's
Sizewell B plant.

SYSTEM OVERVIEW

The Westinghouse Integrated System design for modernization of the W E R I&C consists of the
following basic systems and components:

• Reactor Protection System (RPS), including the trip logic, for monitoring and protection of
the reactor.

• Redundant Reactor Control and Limitation System (RPCS) design for the nuclear reactor
system's control, and limitation and monitoring functions. >>

• Plant Control System (PCS) for control and monitoring of non reactor control related plant
functions.

• Computer Information System (CIS) for monitoring all plant systems and providing the plant
operators with operational aids via modern information presentation techniques for
maintaining the plant within the optimum safety and operating states.
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• A modern human factored and cgomaniacally designed Control Room, including a new soft
hard alarm system design.

• Post Accident Monitoring System to meet the USNRC Regulatory Guide (Reg. Guide) 1.97.

• Incore Monitoring System hardware and software which includes BEACON, a 3-dimensional
reactor core monitoring program.

• New sensor installation for protection as well as control functions, required to meet higher
reliability and availability requirements.

These systems are not simply a replacement of the presently designed functions, but are supported by
new Safety, Transient, and Control System Analysis preformed by the Weslinghouse Nuclear
Advanced Technology Division. This division of Wcstinghousc is the birth place the world's
Pressurized Water Reactor designs. To state this clearly, the Westinghouse concept is one that
provides not only a modern technology base for the hardware but also the basis for the system's
design, for the verification of the systems safety function, and their related algorithms and set points.
While this paper will not dwell on the functional design aspects of the Westinghouse System, it should
be remembered that this is the most important aspect of the modernization program, a verification of
the design.

The Westinghouse I&C modernization systems are based entirely upon the Westinghouse standard
digital I&C product families. The Reactor Protection and Redundant Plant Control and Limitation
systems are implemented using the Westinghouse Eagle family of hardware. The Plant Control and
Computer Information System are implemented using the Westinghouse Distributed Process Family
series II (WDPFII) equipment design.

The benefits of the Westinghouse approach are many; some of the more significant of which are:

• A totally distributed hardware and software design which provides a very cost effective
implementation for plants that are partially or totally constructed. Due to the fact that the
systems are interconnected using modern data highway technology, the impact on the civil
design is minimized or in some cases eliminated. This simplifies the design as well as
installation aspects for the new systems.

• The Eagle Family design provides the required nuclear Safety Class IE hardware and
software, including seismic, environmental, separation, on-line testability and high reliability.

• The impact of hardware failures on plant operation and availability is minimized ty providing
redundancy and fault tolerance in the safety and in the control and monitoring systems.

• Since the systems are designed using digital technology, the functional design aspects of the
system can be logically separated from the hardware configuration, allowing the two design
processes to proceed in parallel, thereby minimizing the systems overall development and

: installation period.

? • The software driven aspects of the systems design provide ease for modifications during the
I testing and verification (site acceptance test) stages of the implementation. Thus minimizing
| the impact of adaptation to actual field related conditions and nuances.

i SYSTEM ARCHITECTURE FOR THE I&C MODERNIZATION PROGRAM

) The overall system architecture is depicted in Figure 1 and is a distributed system architecture where
I communication is accomplished though the use of data highways and/or serial data links which
[ conform to the protocols of the Westinghouse standard product family upon which the subsystem is
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based. For communications to non-system devices, such as the plant local area network (LAN) or
other information needs, a standard Ethernet highway is provided as part of the Computer
Information System.
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Figure 1. Overall System Architecture

The internal highway systems provide the means for high speed, time critical information transfer as
well as isolation between safety and non-safety systems when required. An example of an isolation
requirement is for data being transferred between the Reactor Protection and Redundant Plant
Control System where a high speed fiber optic interface is used.

REACTOR PROTECTION SYSTEM

The top level architecture for the Reactor Protection System is depicted in Figure 2. The Reactor
Protection System is implemented in the Westinghouse Eagle-style equipment. The major function of
this system is to provide the necessary safety Class IE controls and monitoring devices for use during
normal operation, to provide the logic for safe shutdown of the reactor, and the Engineered
Safeguards System to maintain the plant within the defined safety limits. This system architecture also
provides the equipment necessary to monitor the plant safety functions during and following an
accident as required by the USNRC Reg. Guide 1.97 for Post Accident Monitoring.

All of the safety Class IE plant sensors interface to the Reactor Protection System. These sensors are
connected to either the Post Accident Monitoring Cabinets (for monitoring purposes only) or to the
Integrated Protection Cabinets (to provide inputs for plant safety control).

Some of tfce major Reactor Protection System design features are:

• Provides the monitoring and the automatic actuation of the Engineered Safeguards should
the plant conditions warrant their operation.

•'*
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Figure 2. Reactor Protection System

• Meets the criteria for single and common mode failure.

• Qualification of the sensors to meet the applicable environmental and seismic criteria
including harsh environments as applicable.

• Isolation and protection from any interactions with the non-safety functions.

• Automatic on line diagnostics for the hardware and software.

• Automated on-line surveillance testing for the entire protection channel from a portable
maintenance chassis.

• Provides for individual manual safety system actuation controls (such and Reactor Trip,
Safety Injection Actuation and others), through the use of dedicated wiring.

• Provides individual component level controls ana classical monitoring indicators through the
use of train (channel) oriented multiplexers to the "logic buses."

• Provides isolated data (via optical data links) to the overall plant information system by way
of the Primary and Secondary Highway Gateways.

REDUNDANT PLANT CONTROL SYSTEM

The top level architecture for the Redundant Plant Control System is shown in Figure 3. This system
provides the functions required to control the Primary Plant System. The RPCS is implemented using
the Westinghouse Eagle-style hardware design. The RPCS provides fully redundant controls for the
primary plant systems as well as for systems for which a single failure in the system would lead to a
plant shutdown. There are selected individual component level controls provided as part of the system
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design, such as Steam Dump control. These controls, as in the Reactor Protection System, interface to
the RPCS through the use of multiplexers to the "logic bus." The plant Limitation functions are
provided as part of the Redundant Plant Control System. Examples of limitation functions are the loss
of a Reactor Coolant Pump, Feedwatcr Pump and other events. These Limitation functions must be
verified with corresponding transient analysis to ensure compliance with the required safety margins.
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Figure 3. Redundant Plant Control System

Some of the major design features of the Redundant Plant Control System are:

• Provides for the ability to perform modulating control functions required to operate and
monitor the reactor control and their auxiliary systems, by way of the Integrated Control
Cabinets.

• Provides the functionality to control non-modulating control circuits (digital control) via the
Logic Cabinets.

<* Implementation of a Signal Selection algorithm that acts to discriminate between valid and
invalid signals from the Reactor Protection System. This is preformed by comparing
redundant measurements from the three RPS channels, ensuring that only the valid signals
are transmitted onto the Control Bus.

• Provides for fully redundant control functions for all the Reactor Control (Nuclear Steam
Supply Systems) as well as systems associated with the reactor control systems.

• Provides the logic to implement the functionality of the Limitation Systems.

• Provides on-line diagnostics capability for the hardware as well the software.
179
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* Transmits data to the overall plant information system from the Integrated Control Cabinets
to the Information, Primary and Secondary Plant Highways via a high speed data highway
gateways.

PLANT CONTROL SYSTEM

The Plant Control System (PCS) top level architecture is shown in Figure 4. This system provides for
the non-safety related control functions (modulating and non-modulating) necessary for operation of
subsystems that are the non-Nuclear Steam Supply System. The PCS is implemented in the redundant
Westinghouse Distributed Process Family II (WDPF II) hardware and software. This system performs
both data acquisition and control for the many and varied systems, as well as startup/shutdown
sequence controls. Some of the functions include letdown temperature and pressure control, volume
control tank level control, reactor make-up water, reheat steam temperature control and others.
Although the Turbine Control System is usually thought of as a separate system, it is simply an
extension of the Plant Control System as it is implemented using the same WDPF II architecture.
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Figure 4. Plant Control System

Some of the major features of the PCS system are:

• Completely distributed control system using the WESTNETII highways to provide the
communications means between the various Distributed Process Units (DPUs) and the
Operators Workstations (WESTATION).

• The system for the most part is implemented using soft control techniques available on the
SUN Workstations (to be described later in more detail as part of the Computer Information
System), with a few controls hard wired when necessary.
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• The WESTNET highway's deterministic nature ensures the timeliness of the control
functions as well as real time data transmission between the various modules and the
Operator Workstations.

• The system includes on line hardware and system software diagnostics with reporting to
operator.

COMPUTER INFORMATION SYSTEM

Figure 5 provides an diagram of the overall architecture of the Computer Information System (CIS).
The CIS provides displays, alarm handling, data logging, data transfer to other systems outside the
integrated I&C architecture, and also provides via the Computational Server the ability to perform
calculations of very complex core monitoring and core efficiency programs including the means to
perform "soft control" for the Plant Control System. The CIS can be thought of as "the window to the
plant" for the operations staff. The Computer Information System is implemented using the
Westinghouse WDPF II family hardware and software.
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Figure 5. Computer Information System

A short description of each of the key modules, often called "drops" are outlined below:

• Operators Stations - These stations are comprised of the Westinghouse workstation
(WESTATION) based on a SUN Microsystem workstation, which provides the high
resolution, multi-window environment for the man-machine interface to the I&C systems via
color graphics video display units (VDU). The operators stations as stated above also provide
the ability to perform control functions via the VDU and keyboard/trackball.

;

I;
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• Computational Server — the computational servers carry out most of the specialized
calculations associated with the nuclear plant systems. Some of these programs are the
BEACON 3 Dimensional Core Monitoring and Primary and Secondary Plant Performance,
as well as r -ny others. These servers and all other servers described below are based on the
SUN Microsystems computers running the UNIX operating system.

• Primary and Secondary Historical Storage and Retrieval — These modules provide the
software and hardware required to support the collection, storage, and archival of the plant
data. This subsystem collects and stores the real-time data including the pre and post trip
data and the sequence of event during the trip occurrence. There is a Historical Storage and
Retrieval (HSR) module for both the Primary and Secondary side data.

• Data Link Server - The Data Link Servers provide the software required to communicate
to or from "outside" systems such as Radiation Monitoring and other computers or computer
based systems.

• Software Development Station - The Software Development Station is provided to give the
computer software engineer the capability to perform software and system maintenance in
addition to the capability to create and test software for the Computer Information System.
The software includes programming utilities for various compilers, editors, and software
engineering tools.

• Primary and Secondary Log Server - The Primary and Secondary Log Servers and
associated printers provide the ability to present data in a report format, either manually
requested or event driven. The Log Server also provides the capability to capture hard
copies of displayed screens.

Each of the modules interface with all of the three major highways; the Primary, Secondary and
Information Highways. The Primary data highway is the main transportation vehicle for real time data
related to the Primary System. The Secondary data highway is the primary means of transfer of data
related to the secondary and tertiary systems. The Information highway is the means that is used to
transfer non-critical lime related data, that is data associated with the results of calculations, the
"down loading" of programs from the Software Development Stations and other such data and
communications.

INCORE INSTRUMENTATION SYSTEM

The finai system that will be explored as part of this paper is the Incore Monitoring System due to
the importance of this system to the VVER Modernization Program. The Incore Instrumentation
System is shown in block diagram form in Figure 6. The system consists of the neutron detectors, core
exit thermocouples, and associated signal processing subsystems.

The neutron detectors are self-powered detectors.(SPDs) located in fixed locations within the fuel -
core. The signals from the SPDs are connected to the Westinghouse Sensor Highway Sensor
Processing Modules (SPMs) where the signals are multiplexed before being transported through the
containment walls. This method of signal transportation saves many containment penetrations and
therefore the costs and labor associated with the installation of penetrations. The signals are then
demultiplexed, processed and transported via the WESTNET data highways to the Computer
Information System for analysis by the BEACON software program. The output of BEACON
provides information to the plant staff on current core power, flux distributions and core peaking
factors. In addition, BEACON provides core analysis and core prediction capabilities to aid in the
optimization of core operation, maximizing fuel economics and safety. The neutron detectors are non-
safety related and signals are processed using the WDPFII equipment.
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Figure 6. Incore Instrumentation System

The incore thermocouples are located above the core and monitored by the Post Accident Monitoring
electronics. The incore thermocouples are safety Class IE and are processed by the Westinghouse
Eagle hardware which is a part of the Reactor Protection System. Data collected from the
thermocouples are isolated and transmitted to the WESTNET data highway. The data is then
analyzed by the BEACON software and used to provide core data to the operating staff as described
above.

SUMMARY

The Westinghouse I&C Modernization Program for WERs is one that is based on the most modern
digital technology available in the nuclear industry. This system is designed to address the classical
control and protection system functions of data acquisition, control, automatic and manual actuation,
and the man-machine interface.

The system hardware and software design aspects are consistent with the presently accepted method
for partitioning functions within an I&C system for a nuclear plant. The I&C architecture is usually
decomposed into three layers, those being data acquisition, control, and man-machine interface
(MM. > These three layers in the Westinghouse design are organized in a hierarchy with the data
acquisition at the bottom, control in the middle, and MMI at the top. With this arrangement, data
originate from the input sensors and communication of data moves up the hierarchy. Actions flow
down the hierarchy to the actuated or controlled devices. Safety and non-safety class functions are
present at all three layers of the hierarchy.

The main subsystems that compose the Westinghouse I&C Modernization Architecture are:

• The Reactor Protection System for Class IE monitoring, control, actuation and display.
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• The Reactor Control and Limitation System for monitoring and control of the nuclear
reactor system's as well as performing the logic required to address the Limitation functions.

• The Plant Control System for monitoring and control of non nuclear reactor related systems.

• The Computer Information System, the "window to the plant" which provides the capability
to display data obtained, perform control actions for the Plan! Control System, and the
architecture for analysis of the data.

• New incore and Post Accident Monitoring instrumentation, processing and analysis
techniques.

• New field instrumentation (sensors) installation.

• Modernized control room concept.

These subsystems and modules are implemented using a highly distributed architecture which provides
communications within and between the subsystems via data highways and or/serial data links which
conform to the protocols of the product family on which the subsystem resides. This allows the use of
high performance data highway communications within each subsystem as well as the ability to provide
dedicated isolated serial data links to meet special data transfer requirements across physical or logical
separation boundaries. These communications mechanisms are implemented using fiber optic
transmission media, which also allow for a clear and clean separation of functions between channels
and/or safety and non-safety equipment.

The microprocessor technology employed by the Westinghouse I&C Modernization design offers
several advanced capabilities over conventional analog designs. For example, continuous diagnostic
monitoring of equipment is employed in all the subsystems. This allows for the early detection and
localization of faults, thereby minimizing the time required for failure detection and correction. The
use of the digital technology in the safely system allows the incorporation of an automated
surveillance testing tool that reduces the labor effort to one person and the time to perform the
required channel accuracy and functionality testing from Vi to 'A the time required for an analog
system, thus saving maintenance costs. The associated multiplexing technology employed in the
systems reduces the cost associated with the installation and maintenance of the system as well as
reducing the cost of future upgrading of the systems software and or hardware.

The application of the Westinghouse's microprocessor based design to the W E R Modernization
Program is one that provides the base for upgrading the plants to meet western standards. While
satisfying this criteria along with its implementation comes the basis for minimizing the costs of the
modernization and the basis for providing long term flexibility for change. Above all though, the most
important aspect is; the Westinghouse program provides a verified analytical basis for the
modernization plan by performing new Safety, Transient, and Control Systems Analysis.
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