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ABSTRACT 

Power plant data, and the information that can be 
derived from it, provide the link to the plant through 
which the operations, maintenance and engineering staff 
understand and manage plant performance. The extensive 
use of computer technology in advanced reactor designs 
provides the opportunity to greatly expand the capability 
to obtain, analyze, and present data about the plant to 
station personnel. However, to support highly efficient 
and increasingly safe operation of nuclear power plants, it 
is necessary to transform the vast quantity of available 
data into clear, concise, and coherent information that can 
be readily accessed and used throughout the plant. This 
need can be met by an integrated computer workstation 
environment that provides the necessary information and 
software applications, in a manner that can be easily 
understood and used, to the proper users throughout the 
plant. As part of a Cooperative Research and 
Development Agreement with the Electric Power 
Research Institute, the Oak Ridge National Laboratory 
has developed functional requirements for a Plant-Wide 
Integrated Environment Distributed On Workstations 
(Plant-Window) System. The Plant-Window System 
(PWS) can serve the needs of operations, engineering, and 
maintenance personnel at nuclear power stations by 
providing integrated data and software applications (e.g., 
monitoring, analysis, diagnosis, and control) within a 
common computing environment. The PWS requirements 
identify functional capabilities and provide guidelines for 
standardized hardware, software, and display interfaces so 
as to define a flexible computing environment for both 
current generation nuclear power plants and advanced 
reactor designs. 

I. INTRODUCTION 

The growing obsolescence of analog technology, the 
possibility of improved plant performance and enhanced 
safety, and the potential for reduced operations and 
maintenance costs have led to the incorporation of 
computers and digital technologies by the U.S. nuclear 
power industry in instrumentation and control (I&C) 
system upgrades for current reactors and designs for 
advanced reactors. As a result, the Electric Power 
Research Institute (EPRI) established the Integrated I&C 
Upgrade Initiative’ to foster research and development on 
the use of modem I&C technologies. One technical 
objective stated in the Upgrade Initiative plan is that the 
plant control room should provide compact human- 
computer interfaces that can “sort, concentrate, suppress, 
recall, display, and interface information” in support of all 
day-to-day operations. Further, I&C systems should 
assist the operator in accessing any information necessary 
to understand a problem situation, make appropriate 
decisions, and effect responses. The primary objectives 
of the Upgrade Initiative include enhanced safety, 
improved plant availability, and reduced operating and 
maintenance costs. 

As part of the EPRI Integrated I&C Upgrade 
Initiative, the Plant-Wide Integrated Environment 
Distributed On Workstations (Plant- Window) System 
Project was established to define a distributed computing 
environment that provides needed software capabilities 
and I&C system access to support the activities of nuclear 
power plant personnel through a common, integrated 
interface. A system of workstations connected to plant 
communications networks can supply the common 
computing environment and integrated interface to 
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facilitate access to data and applications by plant 
personnel. PWS workstations are conventional 
computing platforms ranging from personal computers 
with windowed, multitasking operating systems to high- 
end engineering workstations. The PWS can serve as the 
vehicle through which modern I&C systems and 
distributed data sources are integrated, at the user 
interface, to support operations, maintenance, and 
engineering tasks in the plant. 

11. PLANT-WINDOW SYSTEM PROJECT 

EPRI and the Oak Ridge National Laboratory 
(ORNL) engaged in a multiyear Cooperative Research 
and Development Agreement (CRADA) to address issues 
concerning the safe, efficient. and cost-effective use of 
modem I&C technologies at nuclear power stations. As 
one task under this CRADA, the U.S. Department of 
Energy and EPRI jointly funded the development of the 
PWS concept. The primary product of this project is the 
EPRI report entitled Plant- Wide Integrated Environment 
Distributed On Workstations (Plant- Window) System 
Functional Requirements.= The requirements provided in 
that document can be used by utilities and vendors to 
design and develop the following: 

a detailed architecture for the PWS, 
the PWS environment software, 
PWS application programs, 
consistent PWS human-computer interface 

interfaces between application software and the PWS 

interfaces between plant systems and the PWS 

development tools in support of PWS applications 

conventions, 

environment, 

environment, and 

and interfaces. 

The functional requirements define the PWS concept 
by describing the necessary characteristics and attributes 
of a functionally integrated computing environment- 
supported on a distributed architecture of interconnected 
workstations and I&C equipment-that provides 
personnel with plant systems access and software 
applications. The functional requirements attempt to be 
sufficiently complete to 

guarantee that the PWS achieves its goals and 
provide a useful starting point for the detailed 
specifications of the information and I&C systems 
architecture for advanced reactor designs. 

The approach taken in developing the functional 
requirements was to identify ”open” systems standards 
and existing guidelines, where possible, for use as 

reference models and to establish a strategy for providing 
consistency and interoperability through shared functional 
libraries and interface conventions. The functional 
requirements establish ”what” capabilities the PWS must 
provide without being prescriptive on “how” these 
requirements are to be met as part of the detailed design 
and specification process. Therefore, the PWS functional 
requirements provide a framework that can be used to 
develop industry conventions for nuclear power plant 
computing environments, human-machine interfaces, and 
system integration. 

111. PLANT-WINDOW SYSTEM OVERVIEW 

A. PWS Objectives 

The PWS is intended to support the activities of 
operations, maintenance, and engineering personnel at a 
nuclear power plant. Many activities for controlling, 
maintaining, and managing an advanced nuclear power 
plant will be accomplished with computer applications.’ 
Therefore, a distributed, workstation-based support 
structure that provides plant-wide computing capabilities 
and serves as a common interface to I&C systems can be 
used by plant personnel in the performance of numerous 
tasks. 

The objectives of the PWS are to 

1. Provide a common, consistent user interface to I&C 
systems; 

2. Enable uniform, transparent access to distributed data 
sources; 

3. Establish a computing environment that facilitates the 
integration of information and applications; 

4. Furnish a system architecture that permits flexibility 
in implementation and expandability of functional 
capabilities; and 

5. Define an approach to application support that lays 
the foundation for standardizing functions and 
interface conventions for the nuclear power industry. 

B. PWS Concept 

The PWS concept involves a computing support 
infrastructure that facilitates the integration of data and 
applications in a nuclear power plant. The PWS provides 
common user workstations (or consoles) to interface with 
plant systems and to serve as standard computing 
platforms to support existing software applications. In 
addition, the PWS provides an integrated application 
environment for the development and use of new software 
capabilities drawing on the functional integration of 
diverse data sources and shared information among 



applications. The system architecture consists of 
workstations, distributed throughout the plant, that are 
connected to the plant communications networks. 

The PWS supports the activities of personnel 
throughout the plant by furnishing a common computing 
environment in which to execute required applications 
and access digital plant systems. Each PWS workstation 
provides a user interface to I&C systems and gives 
functional support for a variety of applications involved in 
monitoring, analysis, diagnosis, and control activities. As 
a result, it is possible to perform many tasks 
simultaneously from a PWS workstation while accessing 
multiple I&C and data systems. The distributed 
capabilities of the PWS allow plant personnel to interact 
with digital systems and perform data processing and 
computing tasks using PWS workstations in the control 
room, in their offices, or at remote sites in the plant. 

The PWS can support a variety of software 
applications, some of which are currently available from 
various I&C system suppliers and others of which will be 
unique applications possible only with shared information 
and integrated functionality. General PWS application 
categories include monitoring, annunciation, diagnosis, 
analysis, control, decision support, management, and 
training. In the case of existing applications, the PWS 
will provide a common computing platform for accessing 
and executing plant software. In addition, the PWS 
provides an integrated application environment for the 
development and use of new software capabilities, 
drawing on the functional integration of diverse data 
sources and shared information among applications. 
Through the Plant-Window environment, information not 
previously available (in the form of data from the many 
sources within the plant or as processed information from 
other applications) can be used by applications to enhance 
the performance of their intended hnction and to provide 
well-founded, reliable information to the user. 

The PWS can be implemented across segmented 
subnetworks with interconnecting devices providing 
managed communications (e.g., network bridges that 
provide a pass-through link, filter messages to limit 
traffic, or permit only one-way information flow). Using 
this strategy, plant systems and data sources that support 
related activities and have similar functional capability 
needs can be grouped on subnetworks. Interconnections 
to other subnetworks can be provided to support any 
required data flow to distributed users in the plant. 

It will be possible for the PWS user to access and 
interact with any digital I&C system or computing system 
connected across the plant communication networks. 

However, implementation decisions may lead to limited 
access or user interaction capabilities from some or all 
Plant-Window consoles. Certain access restrictions must 
be enforced to provide an appropriate level of information 
and functional security (e.g., nonoperations personnel 
should not be allowed to initiate control actions, and 
control room workstations should not be burdened by 
performing updates of engineering drawings). The 
distributed architecture of the PWS accommodates the 
establishment of “domains” of protected data, 
applications, and I&C systems so as to address plant 
security issues, to ensure the integrity of data and plant 
system functions, and to protect critical activities from 
any harmful interactions with other on-going tasks within 
the plant. The means for protection are network control, 
personnel access management, and physical isolation. 
Network control includes providing network management 
of communications pathways and configuring the network 
architecture so that only selected workstations are linked 
to protected resources. Personnel management involves 
physical access control and personnel supervision for 
certain plant areas such as the control room. Physical 
isolation can be performed by permanent or manually- 
activated isolation devices that prohibit or limit 
interaction between the PWS and selected plant systems 
(e.g., reactor protection system). 

C. Plant-Window Framework 

Each PWS workstation provides a base hardware 
platform connected as a node to a plant network. This 
platform supplies general-purpose computing system 
services through its resident operating system, its user 
console, and its network communications services. To 
this point, a conventional workstation has been described. 
The PWS, however, provides also an application 
environment that is common to all PWS workstations 
connected to the networks within the plant. This 
application environment supplies standard functional 
modules with which to support integrated software 
applications. It forms the basis of a “plug-and-play” 
support environment through standard services and 
interface conventions. 

Essential elements of the PWS are data access, 
resource management, control access, human-computer 
interface, and application support. This functional 
architecture provides the inherent capabilities required in 
the PWS concept. Figure 1 shows the major functional 
layers of the Plant-Window framework: 

1. Platform Applications-This layer includes 
nonintegrated applications and the native operating 
system interface of the workstation platform. Such 



D. Integration Issues applications are supported to allow commercial 
software packages that are not designed to utilize the 
PWS support environment to be used in their native 
mode. 

2. PWS Applications-This layer includes user 
applications that perform plant tasks, standard 
utilities that provide user access to basic PWS 
capabilities, and the user shell that provides the user’s 
interface to PWS applications. 

3. PWS Application Environment-This layer provides 
the application support functionality of the PWS that 
facilitates integration. It includes function libraries 
that provide standard modules to perform tasks for 
applications, distributed operations for coordinating 
activities throughout the PWS, site access services 
that facilitate interaction with plant systems, and 
resource management that administers PWS 
configuration and authorized access to Plant-Window 
capabilities. 

4. Standard System Service-This layer includes the 
basic operating system functions provided by typical 
engineering workstations. In addition, industry- 
standard distributed computing and communications 
services are provided. These fimctions and services 
provide the core capabilities of workstation 
platforms. The Plant-Window environment manages 
the access and use of these services to give integrated 
computing support across the distributed PWS 
architecture. 

5. Workstation Hardware and Networking and Plant 
Equipment-These layers provide the computing, 
communications, and I&C equipment involved in the 
PWS architecture. The workstation hardware for a 
Plant-Window console is selected and configured 
according to the primary tasks it is intended to 
support. The network and plant systems are specified 
in the development of a computing and 
communications architecture plan for each plant. 

The functional architecture illustrated in Fig. 1 
provides a layered organization for the PWS applications, 
software services, and hardware components. Each layer 
provides functional entities that support the 
accomplishment of plant tasks using PWS workstations. 
The requirements presented in the PWS functional 
requirements document are arranged according to this 
framework. 

To provide the desired functionality-along with 
flexibility and expandability-the Plant-Window 
environment must be characterized by interoperability, 
portability, and integration. Interoperability is the 
characteristic of a system that allows system functional 
modules and applications to communicate and interact 
with each other even if they reside on different computer 
platforms. This is accomplished by defining the 
integrated computing environment of the PWS based on 
standards for communication, distributed computing, and 
data interchange. 

Portability ensures that applications are decoupled 
from the computing hardware and operating systems such 
that they may be transported from one system to another. 
Thus, PWS application software developed on one PWS 
platform should be portable to another PWS platform, 
(e.g., to a different computer, plant, or utility) with a 
minimum of effort. As a result, applications are not tied 
to a particular computing platform or vendor so the 
effects of digital system obsolescence can be minimized. 
Portability is accomplished through well-defined 
interfaces, generically termed application programming 
interfaces (APIs) in this document. APIs are used to 
support communication and interaction among plant 
systems and data sources and the Plant-Window 
environment, and between PWS application software and 
the Plant-Window environment. Standardized APIs allow 
application software developers and system vendors to be 
buffered from implementation-specific details. 

Integration contributes significantly to the usability 
of a system. The PWS provides three types of 
integration: 

1. Access integration provides a familiar and consistent 
interface for application software and uniform means 
by which to access plant data sources. Consistent 
user interfaces benefit the user by increasing the 
efficiency of interface interactions, decreasing the 
likelihood of user errors, and reducing the learning 
curve for new applications. Uniform, integrated 
access mechanisms to data greatly reduce the 
complexity of accessing and managing data for the 
user and for applications. 

2. Spatial integration brings applications and data from 
remote or diverse systems to the user through a 
common access point (namely, a PWS workstation). 
Thus, separate workstations or terminals are not 
required for each function or data source being 
accessed. This feature helps alleviate the 
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3. 

An 

proliferation of vendor-specific video display units 
(VDUs), particularly in the control room. Further, 
spatial integration allows for the simultaneous 
display and manipulation of disparate information 
(e&, CAD drawings, computerized plant procedures, 
and real-time plant data) in ways that provide more 
functionality than is possible using single-purpose 
displays. Spatial integration can be accomplished 
through a combination of access integration, multiple 
processes, and a windowed display system. 

Functional integration perm its interactive 
cooperation among applications and provides shared 
functionality. Interprocess transactions allow an 
application to request computation or information 
support from other applications. For example, an 
operator advisor application could interact with a 
faster-than-real-time simulation to acquire 
performance prediction calculations. Shared 
software modules provide integrated functionality by 
making high-level functions jointly available among 
applications. For example, a common node- 
connectivity module-which can establish and 
manipulate links between equipment-can be used 
by cable router, separation analysis, and equipment 
tag-out application software to aid the plant’s 
maintenance, operations, and engineering 
departments. Traditionally, each of these 
applications would require its own specific node- 
connectivity code; the PWS approach is to provide a 
standard software module and make it available to all 
applications through shared functional libraries. 
Finally, given data access integration, functional 
tasks can be integrated. For example, maintenance 
planning, equipment tag-outs, system markups, and 
limiting conditions of operation (LCO) tracking can 
be implemented in an integrated fashion once the 
data are integrated. 

Those goals include enhanced productivity, reduced 
operations and maintenance costs, and a greater assurance 
of safety. The use of the PWS to coordinate data access 
and to interface with advanced I&C systems should lead 
to more efficient operation of the plant, a reduction of 
unnecessary operations and maintenance costs, and a 
decreased propensity for errors while performing both 
routine and off-normal plant tasks. The approach taken in 
defining the PWS provides inherent advantages that may 
be broadly expressed as follows: 

Transparency of data source access is available for 
users and developers, thereby allowing the 
acquisition of all necessary data in a timely, 
consistent fashion. Data access is accomplished by 
using uniform transaction services, and data are 
interchanged according to a consistent data 
representation. Information describing the plant data 
that are available throughout the system is maintained 
to identify what data can be accessed and where its 
source is located within the plant communications 
architecture. As a result, users need not address the 
details of connecting to remote data sources or be 
concerned with diverse data structures or interaction 
mechanisms specific to each data source. 

Provision is made for a common, consistent user 
interface that should result in reduced errors by plant 
operators and other users and contribute to improved 
training. 

Portability of applications and standardized interface 
conventions which reduce the costs for management 
of systems, vendor development, and computer 
resources and which alleviate the effects of digital 
system obsolescence are included. 

Interoperability and integration of functions that 
support new capabilities not possible in stand-alone 
systems are provided. 

These high-level advantages are expected to realize 
more measurable benefits for the nuclear industry by 
minimizing the support costs for plant systems and by 
facilitating more effective performance of operations, 
engineering, and maintenance activities by plant 
personnel. 

These features are characteristic of “open” systems. 
open system environment is transparent to the 

underlying hardware, software, and communications 
systems and will allow utilities to build systems using 
diverse suppliers. Commercially available open system 
communications and distributed computing products have 
not yet settled into fully defined standards. However, the 
advantages of these concepts are sufficient to be included 
in the PWS definition, and PWS implementations should 
take advantage of the available technology. 

An overall benefit of the PWS is enhanced 
productivity of plant personnel in the performance of their 
tasks. This is accomplished first by providing the needed 
information and required software “tools” to the plant 

IV. ADVANTAGES AND BENEFITS staff in a readily accessible manner through an easy-to- 
use interface into the overall plant computing 
environment. The integrated capabilities provided by the 
Plant-Window environment allow the users to have ready The PWS has been devised to support and facilitate 

the goals of the EPRI Integrated I&C Upgrade Initiative. 



access to knowledge and functional applications crucial to 
their tasks without having to be directly involved in the 
management and trafficking of data. In effect, the PWS 
user becomes a supervisor/client of access activities rather 
than an implementor. This higher-level involvement frees 
plant personnel to concentrate on plant operations tasks 
rather than on gathering the information they need to 
perform those tasks. 

The provision of a well-engineered, consistent 
human-computer interface can improve user efficiency in 
interacting with digital graphical interfaces and thereby 
yield cost savings by reducing the training demands on 
plant personnel. Enforcing a graphical user interface 
(GUI) style for the PWS with consistent display strategies 
and interaction mechanisms allows the users in the plant 
to develop a familiarity with the “look and feel” of the 
applications provided. One result of this familiarity is an 
improved ability for plant personnel to focus on the 
important information being presented rather than on the 
methods of display and interaction. Applying sound 
human factors guidelines to the user interface design in a 
consistent manner can lead to more intuitive use of the 
digital interface by the plant staff, possibly reducing the 
cognitive load on the users. In addition, the effort 
required to train plant personnel to use the available 
computer resources can be managed more effectively by 
providing a common computing environment and user 
interface with which to access and use each program. As 
a result, less time is needed to train the plant staff in the 
use of new applications, and retraining is less formidable 
because the human-computer interaction skills that are 
initially developed in training are consistently reinforced 
through the use of each PWS application. 

The integrated environment of the PWS makes 
possible advanced applications that can improve the 
efficiency with which a nuclear plant is operated, 
maintained, and managed by providing information on 
which plant personnel can base decisions in a I 

consolidated, structured form. Examples of activities that 
can be enhanced by sophisticated applications using 
integrated information include prediction of incipient 
equipment failures, timely determination of system 
performance degradation and analysis of its causes, or 
operator guidance to avoid an undesirable (uneconomic or 
potentially unsafe) operating state. The result of 
providing new applications with greater capabilities 
should be better, faster decision making by plant 
personnel. 

Enhanced personnel productivity, in turn, can lead to 
improved performance and increased safety for the plant. 
The availability of clear, concise information through the 

Plant- Window environment provides enhanced 
comprehension of existing plant conditions and 
developing trends. Additionally, the possibility of new 
applications with expanded functional capabilities can 
provide an improved ability to manage plant behavior and 
respond correctly to off-normal situations. Improved 
information access and data presentation for operators can 
reduce the likelihood of errors and permit the operator to 
respond properly to changing operational conditions. As 
a result, fewer challenges to the plant safety systems 
should occur. These effects lead to a greater assurance of 
safety in the operation of the plant. 

V. CONCLUSIONS 

The PWS provides a support structure that makes 
information from diverse systems and disparate sources 
readily available in a consistent, easy-to-use manner. The 
PWS involves a functional approach for developing a 
system of workstations to act as common interfaces to 
plant resources (e.g., digital I&C systems and computers) 
and to provide a distributed computing environment. 

The Plant-Window framework is based on a layered 
approach with the capabilities and services of lower levels 
supporting the functionality of higher levels. As the 
technologies involved in providing the hnctionality of the 
PWS mature and consensus builds in the computing and 
nuclear industries, the Plant- Window framework may 
well evolve into a nuclear industry standard computing 
environment with fully distributed hnctionality. 

The integrated use of computers and digital I&C 
systems in nuclear power plants clearly provides a 
significant increase in the amount of information 
available to plant personnel. The challenge is to provide 
insight rather than data overload. By making effective 
use of information technology in advanced reactor 
designs, the authors believe that the nuclear power 
industry can realize a greatly enhanced capability for 
using the wealth of available information in an integrated 
way so as to support.an increasing range of activities. 
The integration and use of operator advisors, diagnostic 
aids, maintenance advisory and scheduling applications, 
and engineering analysis and planning applications can be 
expected to lead to improved performance, ameliorated 
availability, enhanced reliability, and increased plant 
safety. 
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