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Abstract. As part of its on-going efforts to reduce the cost of CANDU nuclear power plants, AECL has
embarked on an integrated approach to design, procurement and construction activities associated with new
CANDU 6 and CANDU 9 projects. The approach is predicated on the fact there is a vast quantity of information
that needs to be managed and controlled over the life of a nuclear power plant project. Therefore, ensuring the
completeness and correctness of all the information needed by all project participants, facilitating sharing of this
information amongst the project's participants, and automating the various deliverable production processes
offers significant potential not only for overall project cost (and schedule) savings but also for reducing
operations and maintenance costs once the plant enters service. Facilitating and indeed of key importance to this
approach is the use of a suite of integrated information technology-based engineering, procurement and project
control tools used throughout the design, engineering, procurement and construction phases of the project. A
unique and important feature of these tools is their high degree of integration both from a work process and a
data perspective. Use of these tools is well underway on AECL's Qinshan Project which is realizing significant
benefits in cost and schedule. This paper will describe the approach AECL is taking, along with the tools it has
both put in place, and those additional items planned for the future along with the cost, schedule and quality
benefits that arise from their use. Progress to date on the Qinshan project also will be discussed as well as the
expected application to the plant once it has gone into service will also be discussed.

1. INTRODUCTION

The delivery of a nuclear power plant such as a CANDU 6 or a CANDU 9 is a major and
complicated undertaking. It involves several major participants in the form of project
management and engineering firms, procurement organizations, constructors, hundreds of
contractors and suppliers and thousands of employees drawn from hundreds of disciplines and
trades. The volume of information required to be created, managed and exchanged amongst
the participants is also huge, complicated by the fact that the participants are likely situated in
geographically disparate locations around the world.

In addition to evolving its CANDU products to meet the emerging design and performance
requirements expected by today's operating utilities, AECL also is aggressively attempting to
integrate the work processes and information management needs across all project
participants as well as across the entire plant lifecycle.

Key to these improved processes is the use of a suite of advanced information technology
based engineering and project control tools. The intent in both cases is to reduce the cost and
schedule of delivering a CANDU project. As well it is envisioned that using these tools
throughout the design, engineering, procurement and construction phases will ideally position
the utility to manage and maintain the plant post in-service.

This paper discusses the approach AECL has taken in developing these tools, their use
(particularly on AECL's latest project) along with the benefits resulting from their use will be
discussed.
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2. INTEGRATING PROCESSES AND TOOLS

In order to significantly enhance the engineering, procurement, construction and
commissioning activities, AECL has committed to undertak its scope of work in a fully
electronic and integrated manner. This is being accomplished thorough the use of an
integrated suite of electronic information technology tools customized in-house to comply
with nuclear industry and CANDU specific engineering practices and design standards. As a
result, the design deliverables produced by these tools follow accepted nuclear and proven
CANDU engineering practices and standards creating a design less prone to design errors.

These tools produce information and reports that can be used during the engineering design
phase as well as during construction and commissioning and post in-service.

2.1. Development approach

It is generally recognized that using electronic tools, or information technology in general, to
replace existing, manual and paper based processes will not immediately yield any significant
benefits such as an increase in productivity or the elimination of errors. Indeed in some cases
the introduction of this technology can result in an overall decrease in productivity. Benefits
must e engineered by examining the details of current work practices to find those steps at
which gains can be made.

To ensure the maximum possible benefits, the following approach has been taken for
implementation and subsequent utilization of electronic tools at AECL:

• Labour intensive and error-prone engineering, procurement, and other project delivery
activities are identified. Tools are then put in place which substantially automate these
activities, eliminate the introduction of errors and capture all necessary project
information;

• The underlying databases used by these tools are integrated to ensure data are uniquely
stored and referenced;

• These integrated databases are made available to all projects participants that require
them to undertake their scope of work;

• The ability to produce deliverables such as drawings, lists, bills of materials etc.
directly from these integrated databases is implemented wherever possible and
feasible;

• Wherever possible use is made of third party, commercially available, supported and
proven software;

• The information technology providers, responsible for the implementation and on-
going support of the tools, work closely and intimately with project staff who use
these tools on a daily basis.

2.2. Tools and databases

A short description of these key tools and their associated databases is given in this Section.

2.2,1.3D CADDS for plant design

The use of 3D CADD models and systems is well established in the design, engineering and
construction of process and power plants. To date, several hundred billion dollars worth of
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conventional process and power plants, designed using 3D CADDS systems, have been built
and are now in operation. The benefits of using 3D CADDS are generally recognized and can
be summarized as:

• improved productivity through concurrent engineering, procurement and construction;
• near elimination of rework and interferences;
• automatic drawing extraction and;
• accurate material take-off.

Starting with the Qinshan project AECL is committed to the use of 3D Plant Design model on
all CANDU projects. Specifically for Qinshan, Intergraph's Plant Design System (PDS) is
being used to build a high fidelity 3D model of the nuclear steam plant. This includes all:

• Engineered piping and in-line piping components (valves, strainers, etc.);
• Raceways;
• Structural steel;
• Concrete;
• Heating, Air Conditioning and Ventilation components;
• Equipment (tanks, pumps, heat exchangers, etc.);
• Piping supports;
• Embedded parts and plates.

Once all interferences are resolved, the following deliverables are extracted from the 3D
CADDS model:

• Piping system isometric drawings,
• General arrangement drawings,
• Material take off lists.

In addition to its use in ensuring an interference-free design and the production of the
engineering deliverables described above, the 3D model is being used extensively on the
project for plant visualization work, walk through and installation planning.

FIG. la. Image of reactor face extracted from the Qinshan 3D CADDS model.
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2.2.2. Instrumentation and control design

IntEC is an AECL developed tool for wiring and cabling design and information
management. It allows engineers and designers to perform design functions such as;

• connecting wires to devices,
• assigning wires to cables,
• routing cables,
• assigning cables to raceways,
• detailed raceway design,
• etc.

in a manner which ensures all CANDU design conventions are fully observed along with the
design requirements associated with channelization, separation and redundancy.

In addition to its use in the engineering office IntEC will be made available at the construction
site where site personnel will view the information, update it as necessary and extract the
various reports such as end-to-end wiring reports and cable pull sheets directly. In addition,
through a utility called IntEC-Vision, users can depict critical wiring and cabling information
graphically from information extracted from the IntEC database. Currently IntEC-Vision is
able to generate;

• End-to-End Wiring drawings,
• Connection by Device drawings,
• Instrument Wiring Loop diagrams and,
• Cable Block Diagrams.

Relay Panel

/

Handswitch

FIG. 1b. Sample end-to-end wiring diagram produced by Intec Vision.

IntEC also manages detailed information on instruments such as their functional
requirements, procurement specifications, association to documents such as a fabrication
drawing or maintenance procedure, grouping of instruments within loops, etc.

The instrumentation and control and reactor and fuel handing controls disciplines on the
project are currently using IntEC-Equipment to produce:
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• instrument lists,
• instrument application sheets,
• digital control computer input/output lists and,
• environmental qualification component lists.

2.2.3. 3D CADD for fueling machine modelling

Unlike previous CANDU projects, on the Qinshan Project AECL has taken on full
responsibility for manufacturing the fuelling machines. To assist in undertaking this scope, a
3D solid mechanical model of the fuelling machine is being built using. Unigraphic's Solid
Edge product.

Solid Edge is a mechanical modeller which allows for modelling at a detailed component
level. It allows for mechanical assembly and part modelling, interference allowance and
tolerance checking.

Although detailed fabrication drawings are being extracted from the fuelling machine model,
some use is also being made of the software's ability to transfer information directly to
numerically controlled milling and tube bending machines.

V . : ^

FIG. 2. CANDU 6 fuelling machine component modelled using solid edge.

2.2.4. Materials management

To ensure that required materials are available at the construction site in a timely manner and
without unnecessary surpluses and to enhance the process of bundling and providing material
to the site construction forces, AECL has adopted a tightly integrated approach to materials
management, tracking and control which covers the entire lifecycle of the project; from
engineering through the turn-over to operations.
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This is accomplished through the use of the CANDU Material Management System (CMMS).
CMMS is an AECL developed tool specifically designed to meet the needs of CANDU
nuclear projects, including their requirements for nuclear grade materials, code compliance
and quality assurance. Previously used on the Wolsong and Cernavoda CANDU projects, the
tool has been significantly enhanced for use on the Qinshan CANDU Project particularly in
its direct application to the project's procurement and construction needs.

CMMS is based on the project's stock code catalogue, which currently uniquely defines about
60,000 items. Material demand is largely captured by automatic electronic download from
other tools used during engineering; most notably the 3-D CADDS plant model. Where and
when necessary material demand is also input manually.

Once the material demand is established, CMMS aggregates and groups material to facilitate
purchasing. CMMS contains a complete integrated purchasing system, which includes the
tendering, purchasing, releasing and shipping functions. These are in turn integrated with
receiving of material at the construction site and the maintenance of inventory and issuing of
material from the site warehouse. Material is then grouped by area or trade into so called
Construction Work Packages, which are then used to define and control the flow of material
to the construction forces.

A particularly useful feature of CMMS is that it allows different groups to view information
of interest to them in the manner they find most useful. For example, designers can view
material information organized by system, constructors can view by plant area or trade, and
commissioning staff can view by equipment.

2.2.5. Project scheduling

Primavera's P3 planning and scheduling software is being used by AECL. Level 1, 2 and 3
project schedules are prepared using this software tool. For AECL's scope of work this tool
is interfaced with AECL's financial system to facilitate the comparisons with actual
expenditures and calculation of earned values.

2.2.6. Deliverables management and control

To manage its deliverables, and other related documents and drawings, AECL has adopted
Intergraph's state-of-the-art Asset and Information Management (AIM®) system for document
and drawing management.

All project documentation is being electronically stored and managed within the AIM system.
This includes:

• AECL generated drawings and documents,
• Vendor and contractor generated documents,
• Formal project correspondence and records,
• Work packages (collections of drawings and documents required to perform some

function such as construction or commissioning),
• Releases for construction packages,
• Site quality assurance records.
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In many cases the inputting of information and documents and drawings into AIM has been
fully automated. For example isometric drawings extracted from PDS, bills of material from
CMMS and various deliverables from IntEC such as Instrument Application Sheets are
automatically input into the AIM system. Given the large number of these, the increase in
productivity is significant.

In cases where the project receives only a paper copy of a document or drawing scanning is
used to create an electronic version of it prior to its entry into the AIM system.

In addition to the basic functions expected of any document management system such as
managing the information that describes a particular drawing or document i.e. the title,
number, author, etc.;

• where the electronic files making up the document are stored;
• revision and version control and;
• user access privileges to the files.

Incorporated into the implementation of AIM are many useful and productivity enhancing
features such as,

• the ability to view documents or drawings directly on a users workstation screen
regardless of format,

• the ability to plot drawings to any scale,
• the ability to easily plot many drawings at once.

In addition, to totally eliminate the need for formally dealing with paper documents on the
project, the ability to electronically sign and place engineers' professional stamps on
electronic drawings and documents has been implemented.

Furthermore the functionality of AIM has been extended to support the project's document
control process. An electronic tool called TRAK, has been built on top of the AIM product
to:

• define the project's deliverables baseline (i.e. documents and drawings to be released
to construction, the client or other organizations);

• schedule and manage the release and receipt of deliverables;
• produce various project control reports;
• generate work packages;
• prepare releases, transmittals;
• exchange deliverables and associated information between AIM systems.

3. INFRASTRUCTURE AND INTERFACES

A simplified representation of the information technology infrastructure, i.e. the computers,
operating systems, networking technology, database management systems, etc., existing
within AECL's main engineering and procurement offices is shown in figure 4. In order to
ensure nuclear steam plant design and procurement work on the Qinshan Project is carried out
in a highly integrated fashion, AECL's subcontractor has been given access and is using, as
appropriate to their scope of work, the same tools and databases as AECL, specifically PDS,
AIM/TRAK, CMMS and IntEC. With the subcontractor's offices located almost 300 miles
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away from AECL's main offices this has required the implementation of a high-speed
telecommunications link between the two. As well, in order to simplify the interfacing issues
between the nuclear steam plant and the balance of plant designers in the instrumentation and
control area, the subcontractor has been given a high-speed remote telecommunications link
and access to the IntEC suite of tools.

Engineering Workstations &
Design Review Stations High Performance CADDS Workstations Plot/Print Servers

CMMS Server PDS Server ~~~ AIM Server IntEC Server
ORACLE 7.x Informix 7.x Informix 7.x Informix 7.x

HP.ux NT/Intel F l l e 5 e r v e r
 NT/Intel HP.UX

FIG. 3. Information technology infrastructure.

As many of the electronic tools are also used at the Qinshan construction site, a very similar
infrastructure to that depicted in figure 2 is also installed there. This allows information to be
transmitted back and forth between AECL's office in Canada and the Qinshan construction
site in electronic form. Internet based communications technology has recently been put in
place for use when a relatively small amount of data is to be transferred.

In addition to the benefits associated with electronically transmitting information to site,
having these tools on site and available on the LAN allows the plant owner, AECL and the
various site contractors to share and use the same information to manage and carry out their
work.

Although the above discussion refers directly to the Qinshan Project a similar approach to the
information technology infrastructure will be adopted on all future projects.

4. FUTURE PROJECTS

Future CANDU projects will build on the experiences gained, the information gathered and
the tools developed and implemented on the Qinshan Project and during the design phase of
the CANDU 9 product.

In addition, as part of its product development program and in anticipation of future CANDU
projects, AECL is aggressively extending the degree of automation amongst many of the
remaining labour intensive work processes and furthering the level of integration amongst the
underlying databases associated with both existing and emerging tools.

268



For example, it is planned to extend the use of IntEC-Equipment to handle all equipment in
the plant and to develop it into a full equipment specification tool. AECL also plans to
extend the use of AIM and TRAK to manage and control other project information such as
analysis data.

A example of totally new work currently underway, that will be of significant importance to
the next CANDU project is the development of an integrated design, analysis and modelling
tool for engineered piping supports.

Due to the large number of such supports in a CANDU plant, the time required to design and
analyze them and the need to prevent space allocation conflicts, a totally integrated design,
analysis and modelling tool is very desirable. AECL is developing such a tool, called the
Piping Support Design System (PSDS), as a rapid design, analysis modelling system and data
management and documentation system for the supports design. It interfaces with the 3D
CADDS model of the plant. It has the capability for design of both the secondary steel as
well as catalogue components, for nuclear-class and non-nuclear class code specifications. In
addition to the above tasks, PSDS imports pipe stress analysis results to create a database of
support design parameters. It will also directly generates fabrication drawing and bills of
material. Interference detection with the rest of the plant will be facilitated through a support
envelope file interfaced to the 3D CADDS model.

FIG. 4. Sample piping support designed by the piping support design systems.

5. CONCLUSIONS

An integrated set of engineering tools supporting a set of integrated work processes have been
developed and is in use on AECL's Qinshan CANDU project and is planned to be used on all
future CANDU projects. Further developments of this suite both in terms of integration and
functionality are underway.

These tools, by ensuring the correctness and completeness of the information needed by the
project, facilitating sharing of this information amongst the project's participants and by
automating various deliverable production processes are having a significant beneficial
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impact in reducing overall project costs and risks both directly and through reductions in the
construction schedule.

In addition to its value during the engineering, procurement, construction and commissioning
of the plant, the information gathered by the tools described in this paper will be a valuable
aid to operating, maintaining and managing the configuration of the plant once it enters
commercial service.
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