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Abstract

The presentation shall detail the challenges
facing nuclear power plants with the replacement
of obsolete equipment and the strategies used to
overcome those challenges. The presentation will
outline the common equipment types which are
either obsolete or are becoming obsolete, with a
focus on safety related components. The four
options of the obsolete equipment replacement
philosophy will be presented with replacement
examples from each of the options shown for
discussion purposes. Detailed examples from
each of the four obsolete equipment replacement
options of, (1) commercially available equivalent
component, (2) modification of a commercial
available component, (3) reverse engineering of
the original component and finally (4) design
changes using a new component, shall be
presented to evaluate the advantages and
disadvantages of each option. The presentation
will include the technical challenges, cost and
schedule concerns for each of the four options.

Emphasis will be placed on the technological
challenges associated with replacing old and
obsolete equipment. The following is a bullet list
of the challenges which will be discussed:

1) Missing, misleading or no information
on the original component.

2) Acquiring information from the original
equipment manufacturer and the plant.

3) Using a sample component for the
replacement evaluation and or reverse
engineering.

4) Reverse engineering old equipment
with newly available discrete
components.

The presentation will include the equivalency
documentation using the EPRI guidelines when
replacing an original component with a different
yet form, fit and functional equivalent
component.
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The presentation will conclude with a discussion
of the advantages and disadvantages of the
replacement of the obsolete component with a
form, fit and functional equivalent component
vs. the replacement of the original component
with a new component with today’s technology.

As nuclear plants age the components which
make up the operating systems age even faster.
Most nuclear plants were designed thirty years
ago with the majority being built twenty years
ago. To compound this problem many of the
components were specified by the design
engineering companies building the plants over
twenty five years ago.

The average industrial electrical component has
a life of 20 years. The average instrumentation
component has a life of 15 years. Mechanical
equipment is much more application specific and
can be much less or the life of the plant
depending on the mechanical component and the
application.

As a result the nuclear industry is faced with
many obsolete components and many
components on the verge of becoming obsolete.

There are many different categories of

equipment in a nuclear plant. Each category is
affected by obsolescence in varying degrees of
difficuity. The equipment types are as follows:

Commercial Grade
Essential to Plant Operation
Augmented Quality

Safety Related

There may even be more categories than this in
your plant but the above covers the major types.
In order to focus our discussion we will look at
safety related equipment types in a currently
licensed nuclear plant. Safety related equipment
being defined as equipment which is needed to
safely shutdown the plant in the event of an
accident or equipment needed to mitigate the
release of radiation.

Safety related equipment is comprised of
electrical, instrumentation & control and
mechanical equipment types. The electrical and
instrumentation and controls equipment types
have been the hardest hit with OEM changes,



technology upgrades and quality program
changes, resulting in component after component
becoming obsolete. In addition the
electrical/I&C vendors were the first to drop
their nuclear specific QA programs in the early
1980°s. forcing the nuclear plants to find
equivalent replacements.

Since we are focusing on safety related
equipment any replacement component would
need to be a form, fit and functional replacement
component for the original component
eliminating the need for a costly engineering
design change and resultant modification to the
plant. In addition any replacement would need to
be qualified to meet the requirements of the
original plant application. We will discuss these
requirements later in the paper.

In order to better understand the need for form,
fit and functional replacement components, lets
look at how some major component types have
changed since nuclear plants began operation.
The following is al list of common components
and how they have changed with technology:

e Relays — new models include digital
timers.

e  Circuit breakers, contactors, starters
(MCC components) — changes due to
NEMA and or IEC standard changes
Controllers — changing to digital
Power supplies, transformers, inverters,
chargers, switches, regulators —
changing to digital meet computer &
telecommunication industry '
specifications

e  Motor — changes due to NEMA Std.
Changes

¢ Discrete components: resistors, diodes,
transistors, SCR’s, capacitors,
potentiometers - changing to meet
computer & telecommunication
industry specifications

Anyone in the material supply chain at a nuclear
plant would agree, as a result of company
changes, technology updates and quality
assurance program changes, finding the original
component as currently installed is increasingly
difficult if not impossible.

In order to maintain and increase plant
availability and reliability an equipment
replacement philosophy must be understood:
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“To provide a form, fit and functional equivalent
component to the original component which will
not require any modifications in the field and
will require minimal or no engineering

-documentation”.

If the above statement is not possible than a
design change is explored.

The four methods for replacement equipment to
meet the equipment philosophy as stated above
in the order of cost and schedule preference are:

1) Supply commercially available
equivalent component.

2) Modify and supply a commercially
available component.

3) Reverse engineer, fabricate and supply

a component to meet the critical

characteristics of the original

component.

Perform a design change to install a

new component.

4)

Option 1

Commercially Available Equivalent Component

Detailed research needs to be performed to find
an OEM which manufactures an equivalent
component. Once an equivalent component is
found a detailed item equivalency evaluation -
needs to be performed to the guidelines of EPRI
NP-6406, documenting the comparison of the
original components critical characteristics to the
newly proposed components critical
characteristics.

The selected equivalent component then needs to
have its safety function verified and accepted. In
addition the item needs to be qualified for its
intended application in accordance with the
applicable IEEE Standards, usually IEEE Std.
344-1975 and IEEE Std. 323-1974 at a
minimum.

The plant now has a safety related qualified
equivalent replacement for the original
component.




Option 1 Advantages and Disadvantages:

As with any solution there are Advantages and
Dis-Advantages to evaluate:

Advantages
e  Quickest solution
e  Least expensive option
e No field changes required
* Minimal engineering documentation

Disadvantages
e Option 1 is becoming more and more

difficult to find equivalent replacements
from today’s available OEM’s.

Option 2

Modified Commercially Available Component

Detailed research needs to be performed to find
an OEM which manufactures the closest
equivalent component. Once the closest
equivalent component is found it is modified as
necessary to meet the form, fit and function of
the original component. Example modifications
would be mounting adapters and electrical
modifications to coils (relays, contactors,
starters, etc.) to meet plant specifications.

Once the modifications are complete a detailed
item equivalency evaluation needs to be
performed to the guidelines of EPRI NP-6406,
documenting the comparison of the original
components critical characteristics to the newly
proposed modified component critical
characteristics.

The selected modified component then needs to
have its safety function verified and accepted. In
addition the item needs to be qualified for its
intended application in accordance with the
applicable 1EEE Standards, usually IEEE Std.
344-1975 and IEEE Std. 323-1974 ata
minimum.

The plant now has a safety related qualified
equivalent replacement for the original
component.

249

Option 2 Advantages and Disadvantages:

As with any solution there are Advantages and
Disadvantages to evaluate:

Advantages

e Still inexpensive compared to other
options

e Can be quick depending on the nature
of the modification
No field changes required
Minimal engineering documentation
Opens the door for more commercially
available items

Disadvantages

e Depending on complexity of
modification can be long schedule and
more expensive.

Fig. 1 — Replacement Inverter

Fig. 2 — Replacement MCCB




















