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Abstract

Systematic management of different plant systems throughout their whole lifetime
is a crucial ingredient in safe and economic operation of a nuclear power plant.
Documentation is one of the key issues in this activity, both on a strategic and on
an operational level. Present nuclear power plants were designed and built during
the seventies and early eighties. At that time it was natural to base the plant
documentation on paper. However, managing the large amount of information is a
difficult task. Even a simple plant modification may introduce the need for a
change in dozens of documents, and it is often very difficult to be sure that all
changes have been done correctly. The rapid development of information
technology has increased the number of modifications needed in plant computers
and instrumentation and control systems. On the other hand, it has provided some
means to tackle the information management problem. Computers are now used to
produce also the simplest piece of paper, and records are often kept with an
electronically readable master copy. Efficient utilisation of intelligent databases
can provide valuable support to ensure a timely and correct modification of plant
documentation. In all operating modes there would also be a benefit of an easy
access to plant documentation, e.g. in the control room. This would be still
enhanced if it can be presented in a way which is adapted to users' needs. The
paper goes through some recent development trends in information technology
with the intent to point to some of the most promising ideas.

Problems and needs

Due to safety requirements and complex
dependencies, well-defined rules are
needed to manage all processes related to
the design and operation of nuclear power
plants. To support this goal, plant
documentation should be well-structured,
visible and easily accessible to all user
groups. Configuration management is a
structured discipline assuring that technical
documentation correctly reflects the actual
plant configuration. In general terms, its
main activities include:

• Configuration identification makes the
configuration visible at discrete points
of time. This means, for instance,
systematically naming and labelling the

different configuration items like
documents and subsystems, and their
versions.
Configuration auditing takes care of
quality control, verification, and vali-
dation of the different configuration
items and their versions.
Configuration control controls the other
activities. This includes, for instance,
approval of designs on the basis of audit
results, procedures and tools change
control etc.
Configuration status accounting records
the inputs and outputs of the other three
activities in order to make the design
traceable.
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The main purpose of configuration
management in nuclear power plants is to
support safe operation /10/. A
configuration management program applies
to plant design, construction, testing,
operation and modifications. Systematic
procedures are intended to support
documentation, continued maintenance or
updates and verification of plant systems,
technical documents, operating procedures,
etc. Some of the key issues are
documentation structure, coding systems
(such as KKS and EEC 61346-1), change
control, and document archival and
distribution.

Most nuclear power plants today rely on
documentation on paper. This makes the
documentation difficult to maintain. Plant
modifications, for instance, should always
be rapidly transferred to the documenta-
tion, but also quite simple modifications
may require changes in dozens of docu-
ments. It can be a very tedious task to
identify the documents which are in a need
of a change. Ideally, the plant documenta-
tion should be able to generate itself from a
plant database, which would enable
changes in all documentation by updating
data only in one place.

In considering the documentation on a
general level, there are several needs which
can be identified. Firstly, the documenta-
tion should be comprehensive enough to be
able to answer relevant questions on how
the plant is built and how it should be
operated. For example, relationships
between database entities and plant
systems, as well as design rationales
describing the plant on different
abstraction levels should be maintained.
Some of the documents consist of plain
text or contain drawings and various
schematics providing no support for
associative links. The final safety analysis
report (FSAR) is one large set of
documents which, among others, contain
the connections between requirements and
their technical solutions. One important

part of the FSAR is the deterministic and
probabilistic safety analyses, which need a
clear account of assumptions, models,
results and interpretations of the results.
The work practices of operation and
maintenance are covered in procedures and
instructions, which often refer to other
documentation. The documentation should
also reflect a historical record of plant
operation to make it possible to trace plant
modifications and exceptional loading
during operation. Finally, the
documentation should also be able to meet
various training needs within the whole
nuclear power plant.

Increased safety demands combined with
an increased burden of proof that the safety
is high enough, is placing higher
requirements on the accessibility of plant
information. The safety analyses rely to an
increasing extent on plant specific informa-
tion. Experience from older plants has
often shown that available documentation
is not accurate enough for defining a
baseline of safety.

Many nuclear power plants in the world
have initiated projects to re-establish the
original safety case for the plant. This
demand has sometimes been connected to
observed flaws in the safety case where
assumptions or models have not been
verified and validated to a necessary degree
of detail. In such a work it is possible at the
same time to utilise the features of
information technology to make the
documentation better suited for search and
easier to update.

Plant documentation is closely connected
to operations. A plant documentation
system, which is accessible in electronic
form, may be used in the control room
during different manoeuvres. The
manoeuvres should also leave a trace
which is accessible for later analysis. These
needs imply that there is a certain benefit
of implementing necessary interfaces
between the process computer and the
documentation. This means actually that
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document before presentation, and the
other part, which can relate formatting
instructions to elements of the (restruc-
tured) document. DSSSL can be used e.g.
to generate PostScript code for printout, to
generate different views of the same
information for different users or to
generate the layout and visual appearance
of the document (on screen or paper).

SGML can be used for publishing -
from conventional paper documents to on-
line multimedia databases. An SGML
document is seen as a container of struc-
tured information rather than as a docu-
ment file. SGML makes it possible to re-
use and share information. People working
at different sites, using different tools on
different computers download a copy of a
document and print it in their local layout
style. Elements stored in a database can be
re-used to produce different types of
documents having different structure and
content.

In its early history, SGML was mainly
used by defence contractors. Other indus-
tries are now moving to SGML, including
for example, pharmaceuticals, automotive,
and manufacturing. Many SGML tools 131
and applications are in commercial use.

optional description of its grammar (DTD)
for use by applications that need to perform
structural validation.

Just as an HTML file uses a web
browser to interpret the information, XML
needs a program that understands the XML
markup. XML-browsers are still being
developed, but there are already some pilot
browsers available 131. Like HTML, an
XML document holds text structured in
elements. It describes information as tree-
structured data objects, which can be
searched, used and manipulated by
appropriate application programs using a
standard interface for manipulation of data.

An example of what XML might look
like when used for structuring of a
bibliographical reference is the following:

<BIB>
<TITLE>XML, Java, and the Future

of the Web</TITLE>
<JOURNAL>World Wide Web

Journal</J0URNAL>
<AUTH0R>
<FIRSTNAME>Jon</FIRSTNAME>
<LASTNAME>Bosak</LASTNAME>

</AUTH0R>
<V0LUME>2</V0LUME>
<NUMBER>4</NUMBER>
<YEAR>1997</YEAR>
<PAGES>219-228</PAGES>

XML

The Extensible Markup Language (XML)
141 developed by the World Wide Web
Consortium (W3C) is a new standard for
defining data and document formats. The
goal is to enable the delivery of self-
describing data structures of arbitrary depth
and complexity to applications that require
such structures. XML can also be used as a
document structuring language like SGML.
XML is a subset of SGML specially
designed for applications on the Web. As a
subset of SGML XML is a text-based
format, similar to HTML. XML describes
the rules for any information description
language that defines a data or document
format. An XML document can contain an

Related to XML, as a part of the W3C
effort, are powerful linking (XLL) and
style sheet (XSL) mechanisms that go
beyond current HTML-based methods,
being developed. The Extensible Linking
Language will include more advanced
linking mechanisms, such as bidirectional
links, n-way links, links to include content
in current document and attributes on links
(link types). This could in the future affect
the way documents are written and
retrieved. Elements of an XML-document
could be stored in a database and shared
between several documents. This together
with version management of the elements
opens up interesting possibilities.



The Extensible Stylesheet Language
(XSL) can add even greater power to this
process. An XSL style sheet will be a
collection of programming rules for how to
pull information out of an XML document
and transform it into another format, such
as HTML. With XSL, it is possible to
generate presentation structures that are
very different from the original XML data
structures.

To enable integration between
applications, the data structure in XML can
be self-describing with either Document
Type Definitions (DTD) or with XML-Data
Schemas. A schema is a formal
specification of the rules of an XML
document, namely the element names, that
indicates which elements are allowed in a
document and in what combinations.
Authors can create their own schemata, or
they can reuse existing ones. Any receiver
of this data can then decode the document.
Since the data is separate from the
presentation, XML data can be presented in
multiple ways.

The applications of XML can be divided
into four broad categories 151:

• Applications that require the web client
to mediate between heterogeneous
databases, e.g. collaborative CAD/
CAM efforts.

• Applications that attempt to distribute
processing load from the web server to
the client. Engineers can access a
manufacturer's web site and download
not only data on particular integrated
circuits but also a Java applet that
allows them to model those circuits in
various combinations.

• Applications that require the web client
to present different views of the same
data to different users.

• Applications in which intelligent web
agents attempt to tailor information
discovery to the needs of individual
users.

Product data management

Product data management (PDM) is a
technology for organising, accessing and
controlling data related to products
throughout their life cycle. Increasingly,
such systems need to provide global access
to information. Production facilities may
be globally distributed far away from
engineering locations. In large projects
with many simultaneous changes from
multiple sources there is the need to hold
multiple variations of a design.

In a limited sense, PDM is a means to
manage engineering documentation only.
Electronic document management systems
(DMS) can handle different document
types such as traditional text-based
information, CAD drawings, and even
audio and video files 111. The files are
indexed and stored in a database. Many
vendors simplify CAD drawings, or even
use just raster images of the files. This
unfortunately eliminates any 'intelligence'
that may be in the drawing or document.

There are many systems available on the
market. Some systems are based on web
technology. For example, the BSCW
(Basic Support for Co-operative Work,
http://bscw.gmd.de) enables collaboration
over the Web. It is a 'shared workspace'
system that supports document upload,
event notification, group management, etc.
This software can be downloaded free of
charge. A standard browser is used to
access a workspace. The Finnish MST
9000 is another example of document
management software. Its technical fea-
tures include (figure 1):

• product data model and product
database

• product configuration tools
• document management
• change control, workflow support
• hierarchical decomposition of the

process plant into 'positions' (for
maintenance purposes)
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• management of individual items of a
product

• automated delivery of documents
• web server (including (pure) Java and

security functions)

Its largest process industry application
has been running since 1995 at Metsa-
Serla's new paper mill in Kirkniemi,
Finland. During the design and
construction of the mill, 150 contractors
used the MST package to provide data
integration between different disciplines

Figure 1. MST 9000 (from
www.modultek.com)

Advanced PDM databases can manage
all data, not just documents, relevant to a
particular product or system. These
systems are able to store both graphic and
engineering data in a standard (relational)
database. Additionally, engineering data
can be integrated with enterprise data, a
combination that gives rise to new types of
applications. A product data model is a
representation of the structure and
relationships of all the data associated with
a product (covering cost, strength,
materials, properties etc. as well as the

geometry and assembly of its component
parts). Some of the key issues in PDM are:

• classification and definition of
attributes of "objects" such as parts
and part families

• defining product structure, i.e. the
physical and hierarchical assembly of
the product from its component parts

• management of documents associated
with the products

• configuration management, i.e.
maintaining consistency of product
data throughout its lifetime, using
disciplined change management

Many document management systems and
most CAD vendors allow users
to access the databases using a
standard web browser, cutting
the cost of new users 111.
Different platforms can be used,
and there is no need for users to
have the software installed in
their computers. Both 'fat' and
'thin' clients can be used to
access data in a data-warehouse.
Fat clients access directly the
modelling engine, while a Java-
based thin client uses a web
browser to work on the design
data. Some companies are also

supplying document management systems
as an add-on to control systems. This kind
of package can, for example, provide an
audit trail for all added, deleted or
modified tags in the control system.

PDM is tied to the evolution of
international standards and advanced
implementation techniques, often called
PDM systems. Among the many standards
used, STEP, SGML, XML and CALS are
perhaps the most important ones.

STEP

STEP (also called PDES in the USA)
is an unofficial name for ISO 10303
Product data representation and exchange.
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Figure 2. The role of a common data model and exchange format in enhancing
communication between companies and engineering disciplines.

It is a large series of standards being
developed by the International
Organisation for Standardisation (ISO),
within Technical Committee 184
"Industrial Automation Systems &
Integration" 191. The development was
initiated in the mid-1980s, with the aim of
developing a single international standard
to cover all aspects of CAD/CAM data
exchange. The 12 first parts of the standard
were published in 1994. The initial focus
was on the manufacturing industries, but
also other industries, like construction,
process and ship building industries, are
now working for complete integration
supporting different applications and
disciplines.

STEP is designed to provide a
mechanism for the description of product
data throughout the life cycle of a product,
independent of particular computer
systems. A shared data model improves
communication between companies and
engineering disciplines by providing
common concepts and neutral file
exchange capabilities between applica-
tions, figure 2. It also forms the basis for
implementing and sharing product data-
bases. The data in a database is accessed
by different applications through an
application programming interface (API).

The key components of STEP are the
EXPRESS data specification language,
implementation forms and standard data
models. EXPRESS is a data specification
language for the definition of entities,
attributes and relationships. STEP cur-
rently defines two implementation forms:
an ASCII file format for data encoding and
a Standard Data Access Interface (SDAI)
that allows access to data within a database
application. Product data models are
defined at two levels of abstraction: a
generic data model, that supports the
requirements of all product data applica-
tions, and several specific data models,
each fulfilling the requirements of a
particular industrial application area. The
generic model is published in several parts
of the STEP standard, known as Integrated
Resources. Specific data models are
standardised as Application Protocols (AP)
that are based on integrated resources.
About 30 application protocols are now
complete or advanced in their develop-
ment. Several of the APs under develop-
ment are related to process plants and their
control, for example:

• AP212: Electrotechnical design and
installation

• AP221: Plant functional data and
schematic representation



• AP227: Plant spatial configuration
• AP231: Process engineering data

In addition, protocols have been
proposed for plant operation, plant
maintenance and process control. Also
many other capabilities are being
developed within the framework of STEP.
Development of AP221 has been
conducted in the Netherlands and the UK
since 1991. Still, the standard is in draft
stage.

STEP has been a very large and long-
term international effort. The standards are
rather complicated and exhaustive. Many
are loosing patience and want a solution
now. Some groups are developing product
data models and reference class libraries
together with tools for converting data
from existing applications. The resulting
integrated data warehouse can then be
accessed from different applications like
CAD systems. This kind of short-cuts may
actually be the way STEP is put into
practice in many cases.

STEP includes a high degree of systems
orientation. It is not solely concerned with
physical properties (shape, material,
assembly structure), but also with
behavioural aspects of products. This
conceptual modelling provides an
anchoring point were invariants in the plant
structure can be brought to a level where
they can support both search procedures
and further version control within the
documentation. Application protocols are
being developed that focus on the
functional characteristics of products. For
example, AP 221, 227 and 231 above
include definitions for many basic concepts
needed in modelling the functions and
structure of process plants. Because of their
fundamental nature, many of these
concepts could be useful also for
structuring every-day engineering know-
ledge without computer systems.

A related large effort, Continuous
Acquisition & Life Cycle Support (CALS)
(Formerly Computer-aided Acquisition and
Logistic Support) is a U.S. Department of
Defence initiative which requires all
contractors to supply design data in digital
form. The goal of CALS is to migrate from
manual, paper-intensive defence system
design and operation to integrated, highly
automated acquisition and support pro-
cesses. It utilises a rather large number of
standards, including STEP and SGML.

Several industry groups exist to
standardise information exchange among
their members and between members and
their vendors and customers. There are
numerous national and international efforts
to foster the application STEP and other
standards in the process industries, as well.
Most of the suppliers of CAD systems
have committed to the use of STEP in their
software tools. Interworking of standards
and deployment of data over the Intranet
and Internet provide new opportunities.
Considering new plants based on new
designs this technology would, however,
provide interesting possibilities for using
design data in control systems, mainten-
ance information systems, process simu-
lators, virtual reality applications, etc.

Future documentation systems in
nuclear power plants

According to some experiences, an elec-
tronic warehouse of design data could save
10 % on the lifetime costs of a plant /8/.
The savings seem to be more evident
during plant operation than during con-
struction. The benefits of computer-based
product data management generally occur
through:

• enhanced quality and speed of intra-
and inter-company data exchanges

• easier communication between
engineering teams

• more efficient and timely execution of
plant design projects
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• improved flexibility in using software
applications

• easier transfer of design data to plant
operation and maintenance

• reduced engineering time
• reduced plant capital and operating

costs

In the consideration of future needs for
documentation at the nuclear power plants,
there are basically two different cases to be
considered. These are

• rewriting the documentation for an old
plant,

• creating the documentation for a new
plant.

For the rewriting of old documentation
there is obviously less possibilities for the
utilisation of new information technology
as compared with the possibilities when a
new plant is built.

There are several benefits if the
documentation can reflect the underlying
plant construction. By providing logical
links between various items within the
documentation it is possible to search the
chains of association. If the links (cf. figure
3) have been appropriately designed there
is a fair chance that all relevant parts of the
documentation can be traced to a necessary
level of detail.

functional
purpose

identification
name
code
drawing
manufacturer
etc.

physical
location

materials

physically
connected to

power
cooling
lubrication
cabling
etc.

operational
history

tests
incidents

procedures
operations
maintenance

Figure 3 Links associated with a database item.

If a new plant would be built today, it is
likely that the design and construction

would rely very heavily on computerised
systems. The plant design itself would to a
large extent be carried out using com-
puterised design tools which themselves
imply that many of the iterations of the
design would be done without any paper
document. If the complete design database
is electronically readable there are many
possibilities to do at least parts of the
verification and validation automatically.
This has a large benefit in reducing the
bulk of checking the validity of the design
to a few cases, which require a more
detailed consideration.

Conclusions

The rapid development in information
technology has brought new opportunities
for the creation of efficient documentation
systems for configuration management in
the design and operation of nuclear power
plants. The documentation can be made to
be more structured and easy to access and
modify. Ideally, all information should be
collected during the design and construc-
tion process and brought to a large date
base from which information is picked for
whatever needs in an intelligent way. On
the other hand the rapid development also
brings in new problems. Software systems
tend to become obsolete very rapidly and
this may introduce additional costs in
conversion and training. However, the
emerging international standards and new
open software architectures will make it
easier to implement intelligent and still
flexible information systems.

To take advantage of the development
going on in information technology and
other industrial areas, a few actions might
be taken by the nuclear community.
Firstly, the detailed needs of nuclear
power plant design, operation and
maintenance should be collected. As a
second step, this would allow the
formulation of a domain specific
information model for nuclear power
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plants. Finally, a review of standards and
information technology tools would lead to
realistic requirements and recommended
implementation architectures for new
documentation systems in nuclear power
plants.
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