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Abstract

AECL's main product line is based on two single unit CANDU nuclear power plant designs;
CANDU 6 and CANDU 9, each of which is based on successfully operating CANDU plants.

AECL's CANDU development program is based upon evolutionary improvement. The
evolutionary design approach ensures the maximum degree of operational provenness. It also allows
successful features of today's plants to be retained while incorporating improvements as they develop
to the appropriate level of design maturity.

A key component of this evolutionary development is a formal process of gathering and
responding to feedback from:

• NPP operation, construction and commissioning;
• regulatory input;
• equipment supplier input;
• R and D results;
• market input.

The processes for gathering and implementing the experience feedback and a number of
recent examples of design improvements from this feedback process are described in the paper.

1 . Introduction

AECL is the designer of the CANDU® reactor system. There are 25 commercial-size
CANDU reactors in operation in 4 countries. In Canada, 19 units are in operation in Ontario, and one
CANDU 6 unit each in Quebec and New Brunswick. There are also CANDU 6 units operating in
Argentina (1), Korea (2) and Romania (1). A further five CANDU 6 units are under construction, one
in Romania, two in Korea and two in China.

The largest group of CANDU reactors came into operation in the late 1970s and early 1980's.
Overall, more than 300 reactor-years of operation have now been accumulated. Commercial CANDU
plants range from 1971 to 1997 in date of commercial operation. This large and growing operational
experience base provides an important source of information to use as feedback to improve the design
of the CANDU products of today and tomorrow.

2. CANDU Product Line

AECL has two proven products, the CANDU 6 and CANDU 9 Nuclear Power Plants (NPP's),
summarized below.

The CANDU 6 Product

The 700 MWe rated CANDU 6 nuclear power plant has recorded outstanding operating
performance since the startup of the first four CANDU 6 units in 1983. The CANDU 6 units have a
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capacity factor of about 85% over the last ten years, and have frequently achieved world number 1
ranking on an annual basis. They also have excellent records in such figures of merit as scram
frequency, fuel operational integrity, radioactive waste management and emission levels.

More recently, Cernavoda-1, in Romania and Wolsong 2 in Korea have come on line and a
further two units at Wolsong will come on stream in 1998 and 1999. Construction has started this
year on two additional CANDU 6 units at Qinshan, in China.

The CANDU 6 is a mature power plant design, with a history dating back to the 1970's. The
outstanding track record of the CANDU 6 design means that it represents an attractive basic design
today. Part of the success of CANDU 6 is due to its past evolution from earlier CANDU designs.

The CANDU 6 units adopted many of the features pioneered and developed at earlier
Canadian CANDU stations, notably Pickering A and Bruce A. CANDU 6 utilizes the basic reactor in
use at Pickering, the 37-element fuel in use at Bruce, the Bruce reactor control system (with some
improvements), and two steam generators and heat transport pumps for each figure-of-eight reactor
loop.

The CANDU 6 design represents a mature application of current technology, with experience
from development on previous designs, a solid track record of operating experience supplemented by
a process of evolutionary low risk development.

The CANDU 9 Product

CANDU 9 is the next step in the evolution of the CANDU product line with key components
already proven in operating CANDU plants. Specifically, the CANDU 9 nuclear steam supply system
is based on the proven Bruce B and Darlington design, single unit features from CANDU 6 and
incorporates developed and proof-tested advanced technologies. Given the modular nature of
CANDU, the CANDU 9 design includes the benefits noted above for CANDU 6.

CANDU 9 systems and equipment incorporate specific design features and technologies to
meet current customer's expectations. The requirements for a warm sea water site with higher seismic
condition, similar to those specified for sites in Korea for example, are met, as are requirements for a
plant design life of 60 years. Utility requirements were built-in as part of the conceptual design
process, by including utility staff in the CANDU 9 design team.

AECL's current design program has completed all documentation required to demonstrate
design integration A Iicensability statement was obtained from the Canadian Regulatory (AECB) at
the beginning of 1997.

Product Summary

The operating CANDU 6 plants have achieved success in operations in a wide variety of
situations, in four different countries and with both large and small utilities. In most cases, the
utilities have used CANDU as their first step in nuclear electricity.

3. AECL Application of Feedback

Since the initial years of operation of the first CANDU plants, AECL has recognized the role
of feedback and hence participated in programs to respond to nuclear operating experience, both in R
and D and in engineering activities.
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CANDU Owners Group

COG is an alliance formed in 1984 between the Canadian CANDU utilities and AECL. It
was established to create a forum for the planning and funding of generic programs and to provide a
framework for cooperation among CANDU plant owners and designers for the successful support,
operation and development of the CANDU technology. To meet its mandate, COG established
cooperative programs in the areas of:

• Information Exchange
• Joint Projects
• Research and Development

The exchange of operating experience information remains fundamental to COG's mission.
Through the operating experience exchange (OPEX) program, lessons learned from operations are fed
back into design, good practices are exchanged, events are reported against specific criteria, data
relevant to safe plant operation is collected, screened, reviewed and distributed to COG members.

The program provides a direct link between all CANDU station staff worldwide as well as
direct and immediate access to CANDU designers via an electronic messaging system. The
messaging system has interfaces with INPO and WANO information exchange programs, with
relevant information from these areas reviewed and posted, as appropriate, by COG Operations staff.

In addition to managing the information exchange function, other ongoing activities include
preparation of bulletins, newsletters and good practices documents on topical issues of common
interest to CANDU designers and plant operations.

Since COG's inception in 1985, numerous workshops, conferences and symposia have been
held. These events foster improved communication, cooperation and sharing of station and
operational experience.

The overall thrust of the COG program is:

• To improve performance and extend operating life of CANDU plants by providing
increased knowledge about performance of key plant components and by supporting
interpretation and modeling of operating data.

• To protect the investment in basic CANDU technology by a vigorous program of
research geared to ensure a competent response capability.

• To support the safety and licensing basis for current and future CANDU units.
• To improve the design of current and future CANDU units.
• To ensure high standards of protection for plant workers, the public and the

environment to support CANDU plants as "good neighbours" with public and
environmental acceptance.

• To develop and gain acceptance for decommissioning and nuclear waste disposal
concepts with primary emphasis on safe disposal of high level waste.

To meet these strategic objectives, the COG R&D program is divided into five program areas:

• Safety and Licensing
• Fuel Channels
• CANDU Technology
• Waste Management
• Radiological Health and Safety
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Feedback to Design

In addition to supporting operating plants, AECL has placed increasing emphasis on the
incorporation of operating feedback, and other CANDU feedback, into the current CANDU designs.
In this sense product "provenness" is something which is continuously re-established, by ensuring
lessons learned from experience are systematically applied to design.

Feedback from CANDU and other nuclear plant programs is part of AECL's systematic
process of feedback review. AECL's feedback process incorporates regular, formal review of lessons
learned from the following areas:

• NPP operations worldwide;
• Plant design, construction and commissioning programs;
• Regulatory input (both Canadian and international);
• Results of R and D programs;
• Suppliers' input.

Regular input from other stakeholders, in particular utilities (both currently operating
CANDU's, and utilities considering future NPP's) is sought to maintain a design which reflects
customer requirements.

This formal feedback process has been established with a broad mandate, covering all aspects
affecting Nuclear Power Plant design. Both Nuclear Steam Supply and Balance of Plant issues are
covered. Operations and maintenance implications are addressed, as well as impacts on the
functional performance of the design. This design feedback process is linked to similar CANDU
utility operations experience (OPEX) review processes. Design feedback is also an input to, and is
closely linked to, initiatives to support CANDU Plant Life Management and Plant Life Extension.

The formal process to review feedback, and incorporate lessons learned into design, is as
follows:

• Feedback teams identify, review and perform first cut evaluations.
• Design Feedback Manager and staff ensure that all feedback is entered in the CANDU

Feedback Monitoring System for follow-up. All affected projects are informed and decide
on the disposition of each feedback item, i.e. to be implemented or rejected (with reasons
documented.)

• Once agreement is reached that the feedback item will be addressed, each project reviews
the feedback in detail and develops strategies for implementation. The CANDU Feedback
Monitoring System is available to all design staff, as an online resource.

The responsibility for reviewing feedback recommendations in the context of future CANDU
6 and CANDU 9 projects, lies with the respective Product Managers. An important part of this
review is to ensure a very accurate and comprehensive definition of the current product configuration.
One general lesson learned from many NPP operational experiences is that control of plant
configuration is a vital pre-requisite to good operating reliability and successful maintenance. In a
corresponding way, good configuration management is vital to effective application of feedback into
current designs. This is made easier by the rapid development of plant wide Information Technology
tools. For example, both CANDU 6 and CANDU 9 plant designs are established on a comprehensive
3D CADDS database, linked in turn to material management and technical specification databases.
Similarly, a comprehensive database including operations feedback information has been created as
an on-line tool for system and component designers, to enable cross-fertilization of lessons learned
among different parts of the NPP design.
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Feedback Monitoring System

The Feedback Monitoring System (FMS) is designed to capture feedback, securely hold and
manage the data in a database, and ensure the information is readily available on-line to designers for
their use. A user-friendly interface, ad-hoc search tool, and report capabilities are incorporated,
making this tool inherently easy to use with very little system training required.

The two main components of FMS are an Oracle database with a FormFlow (from JetForm)
front end. Oracle was chosen for its security facilities, extensive size capabilities, as well as being
one of AECL's standard tools. FormFlow offers a toolset for creating forms, managing the associated
workflow, and controlled capture of data into a myriad of databases, including Oracle. The
information is viewed through FormFlow, the Oracle structure being invisible to users.

General users have read-only access to the database information. All AECL designers are
given the capability to provide feedback by filling in an Issue Form on-line, sending it to their
respective management for approval, and subsequently to the appropriate feedback team. Similar
processes apply to completion of the Evaluation Form, when a project provides information on their
approach to the issue already identified. Information is not visible to the general users until the
feedback team reviews the form for completeness and commits it to the database, at which time a
unique identifier is automatically assigned. Feedback team members are the only users with
electronic permissions to save or alter information in the database. This secures integrity of the
committed data.

Extensive FormFlow capabilities have been embedded in the design of the smart forms to
make data entry easy, and ensure consistency of information. These tools include numerous field
drop-down lists, on-line help clearly identifying the specific type of data for every field, spell
checking, compulsory filling in of essential fields and customized menu bars and buttons. The
routing is integrated directly with MS Exchange which is AECL's standard electronic mail system.

Roll-out of FMS to designers' desktops started 97 March 31, and has been embraced by the
AECL design community. Additional system enhancements are scheduled for this year, including a
browser front end to provide greater search capability, more flexible reporting, automatic selection of
system/equipment name and identifier, provision of predefined acronyms, and direct links to
supporting feedback documentation. Access to information pre-existing in databases outside of
AECL is also currently being addressed.

Examples of Feedback to Design

Recent examples which have proceeded through the feedback process to design
improvements include:

• Steam Generator improvements such as provision of additional access ports for
chemical cleaning and improved divider plates for long life performance

• ECC simplifications and performance improvements including better strainer design
for long term circulation of cooling water

• Control room improvements to display annunciation organization and overall human
factors as per feedback from operations staff.

• Reduced plant emissions and operator dose by optimization of reactor building airflow
and improvements to liquid collection provisions.

• Improved safety system signal monitoring with updated digital displays, increased
computerized testing for reduced operation burden and increased system reliability.
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• Improvements to Liquid relief valve component and system design for heat transport
pressure and inventory control, based on operational experience.

• Improved support systems to facilitate effective management of plant operations.
• Optimization of design margins to reduce plant cost and improve operating margins.
• Updated equipment technical specifications, based on manufacturers and ongoing

project feedback, to reflect up-to-date component concepts, materials, manufacturing
processes and standards, including adoption of international standards (such as ISO).

• Improvements in construction sequencing and detailed equipment layout to assist
project schedule reduction.

The feedback process also generates a stream of minor change recommendations each of
which will improve either manufacturing, installation, operations or maintenance, for the standard
CANDU designs.

4. Conclusions

As CANDU and other nuclear plant programs have gained experience, these data have had an
important impact on design. AECL has increased its emphasis on collecting, evaluating and
responding to feedback in a systematic way. AECL's current designs, CANDU 6 and CANDU 9,
include a number of design improvements based on lessons learned from experience feedback. By
maintaining this feedback process, AECL will be able to ensure improved performance of current and
future CANDU plants.
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