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ABSTRACT:

This paper discusses key methods for sustaining quality engineering data, the fundamental principles that
these methods are based on, and the methods for supporting the performance of nuclear power plants by the
provision of quality engineering data at all times. The concept of an "engineering data foundation", and a
Configuration Management data model are developed. The concepts and methods for managing the integrity
of engineering data across many different databases & document systems are developed, including the key
concepts of data-positions and data-values, Master Data and Copy Data, and the concept of a "partnership
between people & technology".

INTRODUCTION:

This paper discusses key methods for sustaining quality engineering data, the fundamental principles that
these methods are based on, and the methods for supporting the performance of nuclear power plants by the
provision of quality engineering data at all times.

To assess the quality of configuration management of a nuclear power plant, two key questions are asked:
(1) what is the Approved Design Basis of the Plant?, and (2) to what extent does the Plant conform to this
Design Basis? These questions, while sounding simple, are possibly very difficult to answer completely.

Problem areas that cause this difficulty are many, and include:
• there are typically many databases, documents, and information systems which collectively are
intended to manage the configuration of the Plant:
• this data generally comes from a number of groups in the organization who have functional
specialities;
• keeping all the databases and documents in sync, over time when many changes take place, is often
not done completely;
• with computer network technologies, it is practical & easy to replicate data for individual Users so
they can control, their own work more closely;
• while organizations have controls over what hardware & software can be purchased, they often do
not at the same time specify how data should be defined or linked in systems about to be acquired;
• the engineering data in information systems typically resides on a heterogenous mixture of operating
systems, hardware platforms, software applications, and data structures.

With these problem areas (and there are more not mentioned!) it has proved to be very difficult to (1) update
engineering data so it is correct, and (2) keep it correct after it has been proved to be correct.



A number of solutions to these problems have been proposed and tried. They include:
• instituting total Enterprise Data Architecture following a systematic information engineering
process;
• trying "plug-in" solutions either bought or developed in-house;
• applying Business Process re-engineering and instituting processes to manage the implementation
of the procedures to obtain & then protect correct engineering data.

Each of these solutions has some merit, but they have not to date provided a complete solution that overcomes
the problem of answering the two questions completely.

This paper discusses key methods to achieve and then sustain quality engineering data, in nuclear power
plants. Application of these key methods will enhance and make possible the achievement of quality
engineering data over the long term. In the short term, they will provide the means by which the engineering
data, even though in a heterogenous environment, can be enhanced for loading into new technology solutions
that may be acquired in the future.

ENGINEERING DATA FOUNDATION:

Over time, the organization & responsibilities of people tends to change (sometimes more frequently than one
may be comfortable with!), procedures are revised and reworked, and data handling systems are overhauled
and modernized. Throughout all these changes it has been my observation that the engineering data of a
Plant is an underlying presence, a foundation above and about which all these changes take place.

The concept of an "engineering data foundation" is while many views of engineering data are required, the
engineering data should come from a managed data foundation so ALL views of the data do in fact use the
same data. The engineering data foundation is managed, changes are controlled & authorized, and all
information systems in the Plant then draw from this set of approved data.

When an Equipment List is required, the data would come from the data foundation. The Master Equipment
List (MEL) becomes a product available on demand. A Drawing is drawn from the data foundation. All
approved documentation uses data from the data foundation. And so on.

To achieve this, the data foundation stores engineering data as "Objects", where each Object has a Name,
Specifications, Connection Details, how it is Drawn, where it is Used, and its Revision Number. That is, what
the Object is called, what it is, how it is connected, where it appears, and what the revision level Ls.

This then permits Reports on the engineering data to be customized & assembled on demand, and for the data
updates to be managed, with at all times the correct data being used in all reports.

A key concept for the data foundation is the distinction between a "position" and an "incumbent". To explain
this, consider the analogy of an organization chart for a company. Each "position" in an org chart is usually
defined in terms of the expectations, reporting lines, responsibilities, pay level, etc: and this can be done before
& revised after the position is staffed. The Person who is selected to a Position is evaluated against the
requirements of the Position. Positions can be added, changed or deleted, by people with the appropriate



authorities. People can change or leave positions, or be appointed to them. The Positions and Persons are
separate but linked.

In the design of a Plant, consider the creation of a Flowsheet (also known as a P&ID): on the Flowsheet will
appear the components of the system being designed. The objects on the Flowsheet (eg a bow-tie symbol for
a Valve) become the Positions. The Design Basis becomes the equivalent of the requirements of an
organizational position. Later in the process, when a valve is selected from the competing Vendors, the actual
valve selected becomes the "incumbent", and its description is the "Physical Basis" of the Plant.

In the engineering data foundation, each "position" should only be created, modified or deleted with
appropriate authority. The "incumbents" (analogous to the Persons) occupy the appropriate positions, and
the values should also be only modified or added with the appropriate authority. The authorities for changing
the Design Basis can be and often is different from the authorities for changing the Physical Basis.

CONFIGURATION MANAGEMENT MODEL:

Figure 1 represents a concise model of Configuration Management that is required to be in place to answer
the two key questions concerning the state of configuration management in a Plant.

First lets discuss the three corners of the triangle. The "Physical Reality" is the Plant itself: it is what exists,
what is there whether one knows about it fully or not. Physical Reality is REALITY, by definition in this
model. The "Design Basis" is the definition of what the Plant should be, as approved by the design agency
and the Regulator. It is an information base of what the Plant should be. The "Physical Basis" is the
information image of Reality, or more correctly, this is what it should be: it is the "as-built" state of the Plant.

Now to look at the lines connecting these corner blocks. Line A Ls a "must conform" requirement because
the Plant really should conform to the Design Basis. To check this, Line C is checked; Design Basis versus
the Physical Basis, information system to information system. However, this check of Line C is only valid if
Line B meets the "must conform" requirement. To get Line B correct, Plant Walk-downs are conducted.

To make matters more difficult, it is necessary to maintain all these "must conform" requirements in place,
at all times, with all changes properly authorized and auditable.

When a Plant is designed and then built, the original plant design information often tends to be a combination
of what was required (the specification) and what was installed (the Vendor information), combined in one
image. It is not often that the design specifications are protected and made readily available for verification
at any time that the specifications of what is installed does in fact meet the design specifications.

However, a key requirement for sustaining quality engineering data is to protect and manage the changes to
the design specifications (design basis) separately but at all times linked to the Vendor specifications (physical
basis). By doing this, it is possible to provide revision management of the design specifications, report on the
discrepancies between the design and physical basis, initiate & take corrective actions, and provide revision
management of the physical basis: and at all times be able to answer to the two key questions concerning the
state of configuration management.



ENGINEERING DATA:

The engineering data required for the data foundation is stored as "Objects", where each Object has a Name,
Specifications, Connection Details, how it is Drawn, where it is Used, and its Revision Number. Consider the
analogy to personal data; though not a perfect fit, a person has a name, description, family tree, photograph,
an address, etc. Consider how many times and for how many reasons one has been asked for such key data
about oneself; eg when travelling, making bookings, doing banking, etc. Now consider how the knowledge
of this data is a link to a great deal of other information about a person: work experience information, home
residence information, family information, personal information.

Consider also the importance of keeping this information correct in all the locations & data systems that
matter: at work, in business associations, in clubs & societies. If tehere was only one place (a master
location) where one kept this data up-to-date, and from which everybody & every organization would know
where to go to get this information providing it was legitimate for them to have this information, it would
simplify matters considerably.

This analogy, although an imperfect fit, illustrates one of the key methods for sustaining quality engineering
data. The key data is managed & controlled in the data foundation, and all systems & Users that need this
information get it from the Master location for this data. Also, through this data foundation, the links are
made to where the data is used, and links are also made to other sources of information describing each
Object: eg links to the operating & maintenance manuals, to Vendor manuals, to maintenance history, and
so on.

The key engineering data is typically found in a number of different types of Plant documents. A partial list
is in Table 1. With engineering data in a data foundation, many of these documents become "reports from
the data foundation", rather than being managed as the primary documents describing the Plant. This
apparent reversal of roles of documents, is a key requirement for sustaining quality data: the documents are
constituted from the data foundation rather than collectively being an expression of the design of the Plant.

A distinction is drawn between "engineering data" (which defies what the plant should be and what it is), and
business process "transactional data" (which defines the activities and happenings during the execution of
these processes).

The business processes that are used to operate & maintain a Plant will define the details of the engineering
data required to support them. However, the engineering data in the data foundation does not include the
transactional data used to control these processes. For example, the data foundation would keep the data on
the correct specification for a replacement part to be ordered, but the business process system would keep
& manage the transactional data such as when the part was ordered, how many should be or are in stock,
and so on.

The engineering data foundation must have the engineering data required by the business processes. The
business process systems are generally modelled around the organization and work-flows, the engineering
data is modelled around the design of the plant. The business systems need to change to support
organizational changes. The engineering data foundation changes as the design basis and/or the physical basis
of the Plant changes. This concept is modelled in Figure 2.



REVISION CONTROL:

Keeping the design basis separate from but linked to the physical basis provides the capability to have
methods for auditable revision control & management. Past and present revisions can be accessed on demand,
as can "future revisions" which are pending but approved changes.

Consider the example of where a system meets the Configuration Management model requirements, with all
three legs conforming. Then a design change, affecting one piece of equipment, is made and approved; this
is a revision which will be recorded in a log. The data foundation now has an inconsistency between the
design basis and the physical basis for this piece of equipment. This can be reported & acted on. When the
physical change has been made, which in itself is a revision, the data foundation is now back in sync with the
CM model.

As another example, consider the case where a walk-down is conducted, and a piece of equipment is identified
and found to be (a) different from the physical basis in the data foundation, but (b) does match the design
basis. Then the data foundation is out of sync with physical reality, and a revision is made to correct this
error but no change has to be made to the Plant.

There are many other possibilities and combinations that may be experienced. For every possibility, it is
possible to record the revisions as they are made and to construct an auditable record.

For approved changes, the revisions can be made to the design basis and be approved but suppressed in the
data foundation. Being suppressed means that they are really there but will not be seen by Users who are
gathering information on the current state of the Plant. When the physical work has been completed (eg
during a Plant outage), then with an appropriate command the future revision can be set to be the current
revision at the same time as the physical basis is revised to record the work done. By doing this, the data
foundation displays the current configuration of the Plant and is updated to a revised configuration almost
immediately on completing the work. Also, if the work is cancelled for some reason, the data foundation stays
as is and is still correct.

MASTER DATA AND COPY DATA:

The application of the concepts of Master Data and Copy Data, and of data-positions and data-values, is
necessary for managing the integrity of engineering data which occurs in many different databases &
document systems.

Data-positions and data-values are analogous to the concept of Positions and Persons previously discussed.
The data-positions should only be created & modified by people with the appropriate authorities; these data-
positions define the data structure. The data-values are assigned or changed also by people with appropriate
authority; these data-values define the specification values for the data objects and their attributes.

The Master Data-positions are in the data foundation, where the Master Data-values are protected from
unauthorized alteration, and all authorized updates are approved & logged.



Copy Data-positions can occur in any system that uses engineering data (eg maintenance sytstem, materials
management system, and many others). There should be controls over the creation of these copy positions;
they should be defined in the same way as the Master Data-position they are a copy of. In addition, there
should be a database of where these Copy Data-positions are. With these things in place, when a Master
Data-value is revised, the Copy Data-values can ALL be correctly revised immediately after the posting of the
approved change.

I should mention here that in fully architected database systems, with single-source data values for each data
position, there are in fact no copies; all references to the database go to the one & only position and value
for this data. However, the discussion in this paper is not about such fully architected solutions.

Returning to the Copy Data, the data-positions and the data-values should be changed only in accordance with
changes to the corresponding master data-positions and data-values. This means that copy-data, if found to
be incorrect, should be reported to the data foundation where the correction should be made & propagated.
If the changes are made in the copy data, then there will be discrepancies between copy data in different
systems, and between these and the master data in the data foundation: this will create uncertainty as to what
the actual configuration of the Plant is: the CM model will be suspect, and there will not be a satisfactory
answer two key questions about configuration.

Another major benefit to this approach of managing Master Data and Copy Data, is that it allows systems
to be used for specific purpose without compromising the quality of engineering data. An engineering
database system does what it does best - manage the engineering data foundation. A business process system
does what it does best - assist the management & execution of a business process (eg for work management,
or materials management, or for operations support, etc). The business process systems need correct
engineering data which they will have in their copy data-positions; these systems in turn will probably have
master data-positions for transactional data, but that is another whole topic by itself.

PRODUCTIVITY:

Having the correct engineering data in the master and in all copy positions provides for a very productive
workplace. The work done and decisions made are based on the correct information and rework is
minimized. The search time for finding the correct data is minimized to computer access time, avoiding
lengthy searches and comparisons.

When the Master Data is approved, it can be propagated very quickly to all the copy positions. This is a form
of "instant publishing", which is impossible to imitate in the old world of paper and manual revision of
documents. Having the correct data quickly, can reduce the elapsed time to get work done.

As a small digression, I would like to introduce the only slightly tongue in cheek "Black Hole Indicator"! This
is a means of setting targets for & measuring the extent of dead-time in a work process. Dead-time is waiting
time, for whatever reason, when value-added work is not being done on a task which is part of an overall
process to produce a deliverable.

The Black Hole Indicator Ls an indicator of the ratio of Total Elapsed Time, to the Value Added Time.



The Total Elapsed Time is the time from receipt of the Customer Order, to the time of delivery of the product
(or service) to the Customer. It is a measure of the Total time, with a clock that runs continuously between
these two events.

The Value Added Time is the accumulation of the time spent adding value to the product (or service) as it
is developed in each of the successive workstations (on a real or virtual assembly line).

Consider a few examples of the application of this indicator:

(1) a report is requested by a Customer (could be your boss!), and it takes 5 hours of Value Added
Time to produce (including authoring, revisions, printing, etc); it is delivered 3 weeks after the order
was received.

Black Hole Size = (3 weeks x 168 hrs/wk) / 5 hrs

= 100 (approx)

Note that if the acceptable time for delivery was indeed 3 weeks, the Target Black Hole Size would
have been 100, so all would have been OK.

(2) a request for specialized analysis of some process, with a Value Added Time of say 25 hours, does
not get done for 3 months.

Black Hole Size = (3 months x 4 weeks x 168 hrs/wk) / 25 hrs

= 80 (approx).

The Black Hole Indicator gives the capability to measure the size of the black hole, and to set standards and
targets, and to monitor the effects of re-engineering. Having correct engineering data immediately available
contributes to possibilities of re-engineering business processes which would in turn deliver improvements in
productivity and make significant reductions in the Total Elapsed Time - which could be measured by
reductions in the Black Hole indicator.

I now return to the main subject of key methods for sustaining quality engineering data!

PARTNERSHIP OF PEOPLE AND TECHNOLOGY:

The concept of a "partnership between people & technology" is absolutely essential: one cannot provide
quality data management without the full support of the other.

The executives, office and field staff, all have key roles & responsibilities for establishing the proper
environment for quality engineering data management. The methods include establishing the procedures &
practices, to consistently manage engineering data as a strategic asset of prime importance in supporting the



performance of nuclear power plants. The information systems staff have a key role to play in providing A&
maintaining the required information technology, systems and databases. The information technology must
be capable of performing the required functions and protecting the engineering data.

The best people with poor technology will not be effective. The best technology not properly used or managed,
will not be effective. There must be a partnership of people and technology, each supporting the other
effectively. There must be a environment where people can be expected to be creative, innovative and
productive, but to be this way within certain prescribed limits & conditions.

Let me explain this concept through two analogies.

First, we all have the freedom to be creative & innovative in the use of language, but there are precise rules
we need to follow to be properly understood (eg dictionaries for correct spelling and word usage, and
grammar rules). These precise rules do not interfere with our ability to be creative and innovative.

Secondly, we can all be creative and innovative within our means to build a home. However, there are many,
many rules & regulations which must be adhered to (eg building codes, electrical code, zoning by-laws,
standards for building materials & fittings, and many more). These rules do not stop creativity & innovation
though they may circumscribe these to some extent!

Why is it then that there are people (none in the present company of course!) who resist being constrained
by rules and procedures, in the name of protecting their capability to be creative & innovative? It seems
prudent to provide for and insist on a measured degree of rules & definitions within which all people can
exercise their creativity and innovation in getting the work done that they are responsible for.

With the correct partnership of people and technology, including the prudent but rigorous application of rules
and procedures, there can be an optimum environment for sustaining quality engineering data.

SUMMARY OF QUALITY DATA MANAGEMENT METHODS:

The key methods for sustaining quality engineering data are:

• establish an Engineering Data Foundation with key data & links;
• conform to the Configuration Management model, with Design Basis data and Physical Basis data;
• model the engineering data around the Plant itself, not around the business process models;
• manage revisions to the data, authorizing & recording updates in the data foundation;
• establish the data foundation as the Master Data, and systematically update Copy Data positions;
• maintain & provide all engineering data needed by all business processes;
• establish & maintain a partnership between People and Technology.



IN CONCLUSION:

It is possible to establish and sustain quality engineering data. It does require a strong commitment from all
levels in the organization, a strongly disciplined approach which also provides freedom to be creative &
innovative in doing the work of the organization, a partnership between people & technology, and the
application of key methods to sustain engineering data quality.

Unfortunately there is no silver bullet, and it does take time & resources. But the benefits and rewards are
significant
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Table 1

Example of Types of Engineering Project Documents

• Tender Documents
• General Specifications
• General Material Specifications
• Technical Specifications
• Design Brief
• Design Calculations
• Design Criteria
• Design Manual
• Drawing List
• Change Notice
• Specification Sheet
• Bill of Material
• Engineering Change Notice
• Bulk Bill of Material
• Instruction Manual
• Manufacturers Manuals
• Drafting Manual
• Codes & Standards
• Flowsheets (P&ID's)
• Single Line Diagrams
• Instrument Loop Diagrams
• Wiring List
• Load List
• Instrument List
• Document List
• Purchase Requisitions
• Instrument Calibration Sheets
• more...
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