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Introduction

Over the past few years many programs in numerous countries have been aimed at safety

improvement of the Russian-designed reactors. The US Department of Energy (DOE) has

sponsored a number of programs which are vital for the Nuclear Power Plants (NPPs) safe

operations. One of the most important program is intended to provide a Safety Parameter

Display System (SPDS) for the Russian-designed Nuclear Power Plants (NPPs).

The project is directed at improving the capability of the Soviet-designed reactor

operators to evaluate the safety of their plants using internationally accepted computer

codes, standards, and methods.

The regulatory documents of the Russian Safety Authority, GAN, (OPB-88 and PBYa-

89), stress the necessity of increasing the safety of NPPs through the implementation of

new information systems that are capable of providing a concise evaluation of the safety

status of the plant. Most of the operating NPPs do not meet these increased operational

safety requirements. Therefore, the design and implementation of operator information

support systems, like SPDS, is quite important to improve the Russian-designed NPPs'

safety.

The SPDS, based on safety improvements defined in NUREG-0696, is intended to

improves information system functions connected with the Man-Machine Interface (MMI)
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and respective calculations important to safety. In other words, implementation of the

SPDS would cover simultaneously three significant issues which improve safety of the

Russian-designed NPPs:

• NPPs will have the system that will assist the control room personnel in evaluating the

safety status of the plant during normal and abnormal conditions and determine

whether operator corrective actions are required to avoid degraded conditions;

• the system will further serve as the basis for the upgrade of the obsolete Unit

Information System (UIS);

• the SPDS's data acquisition hardware will also serve as the basis for the future

upgrade of the unit instrumentation and control system.

According to US requirements, the SPDS is not required to be a Safety Class 1-E system.

This is in part, due to the fact that US plants must also have a Post-Accident Monitoring

System (PAMS) included as part of the unit instrumentation and control system. This issue

differs from some Russian standards' requirements where the information system located

in the Main Control Room (MCR) is classified as a normal operation system important for

safety (safety class 3H, according to OPB-88).

The design approach to the SPDS for new NPPs and for existing plants is different. For

new plants (Temelin NPP), the SPDS is a part of the Integrated Computerized Operator

Support System and for existing plants (Zaporozhye, South Ukraine, Kursk NPPs), the

SPDS is basically a standalone system with a common data acquisition subsystem.

This article stresses attention mostly on the system architecture design features of the

SPDS systems for VVER-1000 and RBMK-1000 reactors. Westinghouse has exhibited

invaluable experience in the design of SPDSs for different types of Russian-designed

NPPs, including not only specific technical knowledge of the reactors, but also extensive

working relationships with the Russian Nuclear Safety Authority (GAN).
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Functional Description

The function of the SPDS is to evaluate the plant process in terms of a large number of

parameters and to present a succinct account of the overall plant safety status to the plant

operators or technical supervisor. Because the SPDS serves as an interface between the

plant process and the operator, the data presented is defined in terms of parameters and

logic in support of the operator procedures for dealing with abnormal events.

SPDS is usually structured to support the operator by providing information based upon

several operating modes. It is the intention of the SPDS to presented safety information

for all possible modes of a NPP. For the VVER-1000 NPP SPDS project, there are three

possible modes which cover all possible conditions of the plant. The SPDS serves to

support the operator in each of the operating modes as follows:

- Pre-Trip Mode

Monitors the plant processes for abnormalities that do not result in immediate reactor trip

and for which the operator might take a corrective action.

• Post-Trip Mode

Monitors the safety status of the post-trip condition.

Monitors for conditions that might lead to a breach of any of the levels of defense against

radioactive release.

Monitors the conditions of the barriers to radioactivity release.

- Refueling Mode

Monitors the safety status of the refueling conditions.
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Monitors for conditions that might lead to a breach of any of the levels of defense against

radioactive release.

Monitors the conditions of the barriers to radioactivity release.

For the RBMK-1000 reactor the last mode has been replaced by Start-Up Mode which

has practically the same amount of parameters as the Pre-Trip mode with the exception of

those calculated by SCALA computer for a power level greater than 20 % of the nominal

value. In the other words, the Start-up Mode for the RBMK-1000 reactor is intended to

present information to the Main Control Operator for the conditions where the SCALA

calculations are not available.

For each event or abnormal occurrence, the safety status of the plant can be evaluated in

terms of five important plant functions. These functions are identified in NUREG 0696 as

so-called SPDS Critical Safety Functions.

The Display System

The fundamental SPDS display is the traditional Westinghouse top level polar graphic

display of the plant safety status which serves to alert the operator of a direct threat to

plant safety and point to any key safety concern that are being degraded. Below this

display, successive levels of more detailed information about more focused areas of the

plant provide the operator with information to support goals for reaction to and diagnosis

of the event.

There is a difference between NPPs under construction, where the SPDS is integrated part

of UIS, and NPPs where the SPDS is being installed as a standalone system. For the first

integrated SPDS (e.g. Temelin project), it is necessary to provide only the polar graphic

display design and define the interface to the other low level UIS displays. In this case, it is
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assumed that there are several displays in the UIS's displays set which meet NUREG 0696

requirements specified for the SPDS-type displays.

In the case of the standalone SPDS, like for the RBMK NPPs, it is necessary to provide

the whole set of the operational displays, in addition to the polar graphic displays, which

will support the MCR operator in evaluating safety status of the plant.

There are some other differences in the aforementioned SPDS projects when compared to

the traditional Westinghouse SPDS design. The Westinghouse SPDS polar graphic display

usually presents an octagon as a polar graphic display for all operational modes of the

system. WER-1000 and RBMK-1000 NPPs operational philosophy is different compare

to the PWR NPPs. That is why, the polar graphic display polygons and the number of

spokes on the polygons have been changed to meet the operational requirements for the

aforementioned plants as follows:

WER-1000

Pre-Trip Mode - Decagon

Post-Trip Mode - Octagon

Refueling Mode - Octagon

RBMK-1000

Pre-Trip Mode - Two Decagons

Post-Trip Mode - Two Octagons

Start-Up Mode - Two Octagons

An example of the polar graphics display for the RBMK-1000 SPDS design is presented

on Fig. 1.
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System Architecture

The system architecture of the Safety Parameter Display System (SPDS) can be designed

around the needs of the particular installation. For example, plant that under construction

will include the SPDS function as part of their Unit Information System (UIS), where

plants currently under operation typically implement SPDS with a standalone system. It

should be noted, however, that operating plants that are planning a major overhaul of their

I&C Systems will generally integrate the SPDS with the plant's UIS.

Westinghouse has designed and implemented both of these types of SPDS system

architectures. The Westinghouse SPDS is a distributed, yet integrated, flexible,

expandable, fault-tolerant system that combines state of the art real-time hardware with

the advanced applications software available. It includes individual drops connected with

redundant, deterministic data highways. The data acquisition sub-system is also

implemented in a distributed manner using the Westinghouse Distributed Processing

Family (WDPF) equipment.

The WDPF system is an integrated, expandable system that combined state-of-the-art real-

time hardware with the most advanced applications software available. Drawing upon our

experience as the leading supplier of nuclear steam supply systems, our software offers

the widest array of functions available for nuclear power plant operations.

WDPF is a distributed system, with functions performed across stations, or "drops" spread

out throughout the plant. There are three (3) major types of drops, including:

• Plant Data Acquisition and Control

• Server Functions (Historical, Datalink, and Computational for large "number-

crunching" nuclear application programs)

• Operator and Engineer Man-Machine Interface Stations (for operations staff functions)
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The data acquisition and control functions are performed by the Distributed Processing

Unit (DPU), and the Server/MMI functions are performed by UNIX-based WEStation

Servers. All of these drops are connected by a redundant, plant data highway

communications network (WESTNET).

Integrated I&C System Design

It is, without question, essential and in the best interest of the customer and the system

designer that the hardware/software architecture of the SPDS be implemented on a highly

reliable, proved hardware platform that has undergone extensive operating experience. It

is also essential to standardize on common, readily available hardware and software

platforms. Meeting these goals will result in a highly reliable and maintainable system that

will provide all of the data acquisition, protection, control, and information presentation.

Once this has been accomplished, then the SPDS functions can be integrated into the

specific sub-system within the I&C System Architecture that serve the data acquisition,

calculation, and information presentation roles of the system.

The Temelin I&C System Architecture (Figure 2) is a good example of where the SPDS

function has been integrated into an extensive plant instrumentation and control system.

Data acquisition functions are performed by various subsystems including:

• Reactor Protection Subsystem

• Reactor Control and Limitation Subsystem

• Post Accident Monitoring Subsystem

• Plant Control System

Sensor information is converted to engineering units by these subsystems (isolated by the

safety-grade subsystems), and then is made available to the Unit Information System's

high-speed, redundant Plant Data Highway (FDDI) via the Data Highway Gateways.

Once the information has been placed on these highways, it is available to any of the Man-

Machine Interface, Computational Server, or Historical functions that make up the Unit
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Information System (UIS) including the Main Control Room and Technical Support

Center operator stations. In addition, the information indicative of the plant's critical

safety functions can be sent to other external users via the UIS Datalink Server.

Standalone I&C System Design

In most operating plants, the majority of the I&C systems were supplied by multiple

equipment vendors, and are "integrated" via analog signal paths or point-to-point data

links. The system architecture of the SPDS, in these cases, is typically a standalone digital

data acquisition and display system more along the lines of a classical plant computer

function. However, in these types of cases, Westinghouse utilizes the same common

building blocks used in a highly integrated I&C system for the SPDS system architecture

so that the system can be later expanded to include the plant computer and control

functions.

A example of this type of implementation is the SPDS that was designed for the KURSK

Nuclear Power Plant, Unit 2 (KNPP2). This system (Figure 3) has undergone factory

acceptance testing, and is currently being installed. KNPP2, located in the Russian

Federation, is an light-water cooled, graphite moderated (RBMK-1000 type) reactor.

Unlike the Temelin Plant, which is a light-water cooled/moderated reactor that requires

approximately 800 data points for the SPDS function, the RBMK SPDS requires

approximately 8000 data points for the SPDS function. Most of the I&C equipment

contained in the RBMK units are either analog or outdated digital hardware.

For this project, Westinghouse used that same distributed system building blocks that were

used for the Temelin project, but configured the SPDS as a stand-alone system (for the

short term) with the capability of being expanded into a total plant data acquisition and

control system in the future. The KNPP2 system architecture is a distributed system with

data acquisition functions being implemented by Distributed Data Acquisition and

Processing Units (DDAPUs) and MMI, Computational, Historian/Log, and Data Link

functions implemented using the same WEStation platform. Sensor information is
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converted to engineering units by these subsystems and then is made available to the

Redundant Data Highway. Once the real-time information has been placed on this

highway, it is available to any of the Man-Machine Interface, Computational Server, or

Historical functions that make up the system, including the Main Control Room operator

stations. In addition, the information indicative of the plant's critical safety functions can

be sent to a Crisis Center via the Datalink Server function.

In addition, the KNPP2 SPDS required certain safety (Class IE) signals be included in the

system. For this purpose, Westinghouse designed three divisions of simple signal

isolation/conversion enclosures utilizing discrete and solid state devices. The isolation and

signal conversion function is performed by an Application Specific, Integrated Circuit

(ASIC) off-the-shelf device that provided optical isolation. These devices were

commercially dedicated in order to meet the strict Class IE requirements. The enclosures

were qualified (Seismically and Environmentally) to the latest U.S. standards that fully

meet all of the applicable Russian requirements.
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Figure 1 The Polar Graphics Display for the RBMK-1000 SPDS Design
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SPDS System Architecture Overview
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