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INTRODUCTION
The design of today's nuclear generating plants
involves many detailed design considerations. This
includes comprehensive look at aging effects on
plant components over their expected lifetimes. This
is important to ensuring that the plant operates safe-
ly throughout its life. The effects of aging are
required to be documented in detail in today's
designs. This documentation provides assurance
that safe operating conditions are maintained
throughout the station life cycle. This requirement is
analogous to-the longer standing requirement to
ensure pressure boundary integrity. The pressure
boundary integrity requirement has existed in the
industry since its inception. The subject of plant
aging effects and the maintenance of functionality is
known as Environmental Qualification (EQ).

What about older plants? In Ontario Hydro we operate
stations ranging from Pickering A which was designed
and constructed in the late 60's, to the modern
Darlington station which was subject to the latest
standards of the 90's. Darlington was designed and
built with EQ design requirements as an integral part
of the complete set of design considerations.
Pickering A had, at best, the expectation that a com-
bination of good engineering practice and the use of
high quality materials, would adequately address plant
aging effects. There was no formal EQ design require-
ment at Pickering A. For the stations in between,
there was an evolution of the standards requiring a
demonstration of the ability to withstand component
aging effects. These requirements became more and
more explicit with each new design.

The purpose of the current EQ program in OHN, is to
systematically review the extent of environmental
qualification of the pre-Darlington stations and do
whatever is necessary to bring them up to today's
standard.

What does this have to do with maintenance?
Everything.

The biggest reason for performing maintenance is
that components age. They wear out and break-

down. The preferred, optimal way of performing this
maintenance is to do it on a planned, proactive (if
possible) basis as we have all learned.

Consider the requirement to maintain a pressure
boundary intact. In our business, we expend a lot of
energy attempting to proactively avoid pressure
boundary failures. This is because we have learned
through hard experience that waiting for failure is far
more expensive and dangerous than investing in
avoidance. In fact, much of our effort in this area is
focused on the effects of aging through environmen-
tal exposure (otherwise known as corrosion). Why
not apply the same level of effort to other aging phe-
nomena?

This paper will attempt to explain the wisdom of EQ,
and the potential for optimizing maintenance activi-
ties (to move from reactive to proactive activities),
within the context of the overall maintenance pro-
gram. It is the authors' intent to encourage the active
involvement of maintenance professionals in the
effective implementation of the ongoing EQ program
so that the benefits are maximized.

BACKGROUND
Following the TMI accident in 1979 (how many dis-
cussions have that famous preface?), the Nuclear
Regulatory Commission (NRC) in the US initiated the
requirement for a review of all nuclear stations' abili-
ty to safely function in the environmental conditions
(heat, humidity, flooding and radiation) resulting from
an accident. For the first time, the issue of compo-
nent capability under post-accident conditions was
being fully and carefully questioned.

This ultimately lead to a massive NRC dictated pro-
gram at all US stations to retrofit Environmental
Qualification, as a formal design requirement. For the
most part this initiative occupied utilities throughout
the US for the next five years, and consumed large
amounts of capital. Anywhere from $50M to S100M
per unit was spent to complete the EQ program and
make the necessary changes.
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For the most part the rest of the industrialized
nations followed suit. The standards varied from
country to country, but the approach and costs were
about the same.

In Canada, the response was more measured. It is
unclear as to why the rather proscriptive approach
taken south of the border was not taken here, but
the real answer probably lies in the degree of public
ownership (and therefore self regulatory responsibil-
ity) of our nuclear program. This coupled with a fun-
damental confidence in the adequacy of our design,
and our much less proscriptive regulatory environ-
ment lead to the path we followed on this issue in
the past.

In reality, our typically Canadian debate on the issue
only deferred the issue about ten years and now we
have come to the conclusion that it must be
addressed.

The advantage of this of course is that we can take
advantage of world experience. We have researched
the successes and failures from the body of world
experience and have adopted what we believe to be
the optimal program for us.

The down side however, is that this particularly
expensive venture has come along at a time when
money is tight and continued competitiveness is the
key to our collective futures.

The result of this is that though the job must be
done, it must be done effectively and efficiently and
in a manner which maximizes payback over the
remaining life of our units.

ENTER MAINTENANCE!
Question: If one were to remove all aspects of our
maintenance programs related to the maintenance of
pressure boundaries, how many of our people would
be without work?

Answer 1: None! Not only would we have all the
overtime we could handle, we would have to hire
many more to handle the work load due breakdown
maintenance on the pressure boundary.

Answer 2: All! After our first catastrophe, those sur-
viving would soon be out of a job!

This hypothetical question is provided to highlight the
idea behind EQ maintenance requirements. To date
our maintenance programs have focused heavily on
the aging of the metallic components of our systems
and the rather well understood phenomena of
mechanical wear and corrosion.

The EQ program's review of the effects of heat,
steam, water and radiation on device performance,

quickly moves away from the well understood study
of metallurgy, to the less well understood area of
organic chemistry of elastomers and polymers.

For the conditions in an normal operating power
plant, with the exception of the reactor core, metals
are relatively unaffected by the environmental condi-
tions of heat, steam, water and radiation.
Paradoxically, most elastomers are relatively impervi-
ous to chemical attack from the water chemistry that
normally exist in a power plant.

So what is EQ actually trying to achieve?

The EQ process focuses on the impacts of normal
temperature, humidity and radiation on the behavior
of key safety functions in the plant. The design
requirements on a safety function are typically that it
perform adequately under normal conditions for its
design life and still have enough functional capacity
to perform its safety function under the conditions of
the accident for which it is credited in the design.
The EQ process is one which analyzes each critical
component making up a safety function and then
determines the "design life" of the device based on
normal conditions and its required post-accident
function. The objective, in a backfit program such as
ours, is to prove that components currently installed
will last the life of the station and still perform ade-
quately if the accident were to occur on the last day
of operation.

The reality however is less than what we would hope
for. Much study of these aging phenomena have lead
us to conclude that some of our installed compo-
nents will have shorter lives than the plant. In the
extreme, some of the devices which we currently
have installed may lack the capability to do the job
today!

Thus the real objective of the EQ program is to sys-
tematically identify these components and put in
place replacement and maintenance strategies to
restore the design capability of the station. One of
the main outputs of the EQ program therefore, is of
major import to the maintenance professional, that of
establishing the EQ driven maintenance require-
ments and maintenance intervals for key plant com-
ponents. As with any problem resolution process,
however, there are options, and it is in the selection
of the best option, that the maintenance profession-
al will play his or her greatest role.

IMPACTS ON MAINTENANCE PROGRAMS
As we have discussed, a major output of the EQ
process is the specification of EQ maintenance
requirements for critical plant devices. The true
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impact on the maintenance program however,
begins much earlier in the EQ process. Figure 1 rep-
resents a high level depiction of the EQ process. It is
fundamentally a four stage effort.

Identity

*

Assess

Qualify

Maintenance

Figure 1 - EQ Process

The Identify stage involves a systematic identification
of the critical components for the successful comple-
tion of safety functions following the design basis
events (accidents we are licensed to survive).
Because we have never systematically developed a
comprehensive list of safety critical devices before,
the EQ process has to start from first principles, with
the Safety Reports, and generate the lists from there.

From this group of documents we define a list of all
devices credited to perform safety functions in the
event of an accident which will generate harsh con-
ditions (elevated heat, humidity or radiation). We
then must subdivide it into those which will or won't
have to withstand the elevated condition (harsh ver-
sus mild environmental conditions). Further, we must
distinguish between those devices which fail safe
(i.e. cannot fail under the environmental conditions in
a manner which impairs the safety function) and
those which can fail and cause a problem. Those
which can fail inappropriately are considered EQ
components and must be subjected to further
review.

It is estimated that between 4,000 and 6,000 com-
ponents per unit will reach this point in the process
and that at least half of these components will
require at least some upgrade to the existing main-
tenance because of EQ.

The Assess stage of the job is a detailed engineering
review of the ability of the EQ devices to perform
their critical safety function. The analysis performed
for the assessment calculates the amount of time a
device can age under normal conditions before its
ability to perform safety critical functions is compro-
mised. This is known as the EQ design life of the
device. As implied earlier, a design life exceeding 40
years is good news, but not always possible.

An EQ design life of less than forty (40) but more
than two (2) years, implies that replacement of the
device or some kind of maintenance on the device
will be required to assure ongoing qualification.
Anything less than two years is generally considered
to be unacceptable. Even through such devices are
technically environmentally qualified, it will likely
need some form of rework (redesign, reconsidera-
tion of inputs or possibly test) to mitigate the overall
impact on operations and maintenance and extend
the maintenance interval.

Regardless of the outcome of the assess stage,
some form of activity is required in the qualify stage.
This can vary from simply visiting the field to confirm
that what is installed is what the paperwork says is
there, through some form of maintenance, to an
occasional design change. The decisions being made
during this phase are of critical importance to the
maintenance professional. In some cases, there will
be several options that will satisfy the engineering
requirements, but require varying amounts and types
of ongoing maintenance and replacement activity.

Consider the choice between a 4 year callup in con-
tainment working in cramped quarters with 200
mrem dose and a $5,000 upgrade which eliminates
the callup. In the past the decision would have been
clear! In the past, ongoing maintenance costs would
have been downplayed. In the new Hydro, they must
form a significant part of the overall decision making
process.

The final stage of Figure 1 is maintenance. The suc-
cess of the previous stages rests not as much on
their completion as upon the maintenance of the
qualification over the remaining station life. The abili-
ty to maintain the qualification is heavily dependent
on the previous three steps.

One of the major roadblocks in the past to an effec-
tive maintenance program was the unavailability of
information which could be relied upon for decision
making. One of the most valuable outputs of this pro-
ject is information. Much of the data required for
effective and efficient maintenance is collected as
part of the EQ effort. That is, much of the data is
"reconstructed" as part of the EQ process. One of
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the crucial aspects of the ongoing maintenance of
environmental qualification is the preservation of the
reconstructed data.

All data recovered to support this project will be used
to populate existing maintenance information sys-
tems and correct past errors. In addition, the pro-
curement requirements to support ongoing EQ
impose additional requirements on the Materials
Management processes to ensure that correct
replacement components are specified and pro-
cured. As the EQ process progresses, errors in stock
code descriptions will be eliminated.

A consequence of this cleanup however, will be a
requirement for the maintenance professional to trust
his or her support systems and to avoid "shopping"
for a replacement in stores. EQ components require
EQ replacement parts. Failure to use the right parts in
maintenance on an EQ device will in essence be a
license violation. This is because it will place the EQ
device in an unknown state relative to its capability to
perform its required post-accident safety function.

BENEFITS OF ENVIRONMENTAL
QUALIFICATION
With these dramatic sounding words in mind, it is
time to contemplate the "What's in it for me?" The
completion of the EQ program should represent a
new opportunity for the maintenance professional to
do his or her job. The program has been designed
with world class standards in mind to ensure the
best quality components are used in our plant. The
use of high quality components coupled with an opti-
mized maintenance program should result in fewer
breakdowns, and better component performance. In
many cases it will allow us to lever the world experi-
ence to achieve higher safety system reliability.

The Identify stage will clearly provide a heretofore
unheard of level of alignment of the Safety Report,
the post-accident design requirements and the
Maintenance program. The list will not be perfect as
only harsh accidents are considered, however the
lists generated will represent 80-90% of the devices
required to perform post-accident safety functions.

The EQ lists generated will contain the hidden trea-
sure of failure analysis. This is an essential ingredient
to Reliability Centered Maintenance programs. If
nothing else, they identify the lion's share of the
devices which the maintenance professional should
pay attention to whether maintenance is being per-
formed on an EQ device or not.

The work performed and the decisions made at the
Assess stage are critical to maintenance. Where bet-
ter for the maintainer to have his say? The assump-
tions inherent in the analysis are critical to the opti-
mization of the downstream maintenance program.
It is impossible however to train everyone in the art
of EQ evaluation. Nevertheless it is essential to get
the correct answers to questions about the impact
on maintenance that arise during assessment
process. The most benefit from a maintenance pro-
fessional's input and experience can be gained at this
point. This is the stage where critical options are pro-
posed and rejected/accepted. It is important for the
maintenance professional to realize that the informa-
tion sought at this point is vital to the making of good
decisions about the options. This need for their
involvement with the group trying to establish the
requirements may be new, but must become a part
of our overall improved business processes. A full
hearing of all benefits and concerns must occur
before any decisions are made.

The Maintain part of the program appears to be a
place of little real benefit. US experience however,
contradicts this supposition. In the states, the great-
est benefit of this stage has come from "the school
of hard knocks" and experience. The careful applica-
tion of operational maintenance experience has pro-
vided supplemental information that allows us to
"improve" on the initial, conservative analyses of the
EQ programs of the 80's.

As one means of capitalizing on this experience,
OHN has joined with the Plant Support Engineering
division of EPRI. This allows us to participate in their
ongoing EQ initiative and thus gain the continuing
benefit of experience south of the border.

CONCLUSIONS
The EQ program should and must deliver improved
plant performance in addition to an improved stan-
dard of safety. This improved performance can only
be achieved by the wholehearted support of the sta-
tion maintenance professional. As with any major
retrofit program, there are many opportunities to
influence the direction of the program and the
requirements that result. The maximum benefit,
from the money to be spent to achieve environmen-
tal qualification on an older station, can be gained
only with the active and enthusiastic participation of
those who must do the work and "carry the torch"
on an ongoing basis.
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