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ABSTRACT

Six nuclear power reactors in Taiwan have been operating over
beyond thirty years. They are all operated by Taiwan Power
Company (TPC) and expected to have 40-year lifetimes. The
limited original suppliers and obsolete components are the
challenge to comply with current licensing basis and
maintaining a high level reliability. Therefore, the procurement
of basic components from the second source is very important
to the plant safety and operation.

This paper describes the dedication process applied to
commercial power distribution panels in a harsh environment.
The safety functions of power distribution panels provided
backup power input connection for mobile diesel generators
while station blackout (SBO). After Fukushima-Accident, the
utility needs to setup diversity power to comply with regulatory
requirements in Taiwan. The power distribution panels
dedication activity include the function testing, aging, seismic
qualifications (SQ), and environmental qualifications (EQ)
based on EPRI NP 5652, IEEE Std. 323, and IEEE Std. 344
standards. Some subcomponents could not meet the acceptance
criteria during testing and the anomalies were noticed to the
customer and the utility. One of these anomalies reported to
regulatory due to the subcomponent failure after accident
radiation endurance test.

Commercial-Grade Item dedication is second source to
obtain safety related components according to 10 CFR 21.3
definitions. In the past nineteen years, Institute of Nuclear
Energy Research (INER) has actively performed the dedication
service to help local nuclear power plants solve their
procurement problems of nuclear grade items, due to reduced
availability of qualified suppliers and/or obsolete issues of
qualified components. Although the codes and standards for
dedication in Taiwan refer to those in USA, the challenges may
happen due to different regulators, utility, manufacture’s quality
culture, and personal responsibility. This paper introduces the
self-reliant experiences in dedication and economic benefit to
local nuclear power plants.

1. INTRODUCTION

In response to the Fukushima-Accident, Taiwan Power
Company (TPC) has set up several mobile diesel generators at
nuclear power plants to comply with regulatory requirements.
To increase robustness of electrical systems, the power
distribution panels are designed to provide backup power input
connection for mobile diesel generators while the emergency
diesel generators malfunction. The power distribution panels
and mobile diesel generators are located at the top level of
combination structure to avoid tsunami or flooding attacks. The
design environmental temperature 65°C and radiation dose 0.2
Mrads are considered for the power distribution panels based
on Fukushima-Accident experience. This environmental
condition is higher than plant normal design service
temperature 40°C and radiation dose 0.01 Mrads. Therefore,
the power distribution panels are considered to locate in harsh
environment according to the plant design specification.
Currently, the harsh environmental qualified electrical panels
for nuclear power plants are limited. In addition, the functions
of the market available electrical panel may not comply with
the plant specific design requirements. Based on above reasons,
the custom design followed by dedication process is a better
approach for power distribution panels.

The power distribution panels are composed of breaker,
contactor, fuse, terminal block, cable. The subcomponents
such as breaker, contactor, are commonly used to the nuclear
power plant. INER has performed power distribution panels
dedication based on EPRI NP-5652 [1] and EPRI NP-6406
[2]. All subcomponents were conducted 100% baseline
function tested before the panel assembly. Also, each type
subcomponent was conducted to thermal and radiation test to
demonstrate its qualified life. Some subcomponents could
not meet the acceptance criteria including (1) high
temperature rise of one type breaker and the fuse during rating
current test, (2) contactor function fail after accident radiation

Copyright © 2014 by ASME



endurance test. The lesson learns of this dedication show the
commercial grade items need to pay more attention to safety
related applications. The rigor of dedication process is
necessary to find the subcomponents deficiency while used in
harsh environment. Carefully selecting market available
subcomponents is also very important to meet the plant
specific design requirements.

2. DEDICATION PROCESS
The dedication process includes technical evaluation and
acceptance process that are presented in EPRI NP-5652 and
EPRI TR-102260, as shown in Figure 1. Technical evaluation
assure that the requirements for acceptance item are specified
in the procure document. Acceptance process reasonably
assures the item received is the specified item.

Commercial Grade Item

Technical + Acceptance
Evaluation Process
\ 4
Dedicated Item Purchased as a Basic
Commercial = Component to 10CFR50,

Grade Item Appendix B Requirements

Figurel. Utilization of Commercial Grade Items

The technical evaluation referring to EPRI NP-5652 is to
determine items critical characteristics for acceptance
verification.  Critical characteristics must be identifiable and
measurable attributes to provide reasonable assurance. The
commercial grade item procurement may be one of three
scenarios - a like-for-like replacement, an alternative
replacement, or an item required for first time. If like-for-
like replacement has been evaluated, only minimal acceptance
method need for applied. To avoid our regulator concern, the
supplier may not provide correct information for like-for-like
evaluation. In addition, the regulator concern that the
counterfeit, fraudulent, and suspect items may not identified
and prevented by the supplier certification of compliance.
When performing the technical evaluation of replacement
items, it is assumed that the items will be alternative
replacement. This is only for conservative reason.

FSAR,

Design Documentation, Technical
Specification, Original
Procurement Documentation

v

Identify system, component, parts
function and classification

v 1

Identify require items by means
of technical evaluation

Does item perform
safetv-related

Procure non safety

No

Does item meet criteria
of commercial arade

Procure item as a
basic component

| Identify critical characteristics |

v

| Document results |

Figure 2. Technical Evaluation of Replacement Items

The dedication plan must contain items critical
characteristics, acceptance criteria, and acceptance methods.
Each critical characteristic has its own acceptance criteria and
acceptance method that specify in dedication plan. Based on
above, the supplier should be able to provide the information
about design, specification of replacement items, drawing, test
reports for evaluation.

The acceptance methods specify in EPRI NP-5652 as
following:

Method 1 - Special tests and inspections

Method 2 - Commercial grade survey of supplier,
Method 3 - Source verification,

Method 4 - Acceptable supplier/item performance record

In our practice, Method 1 will be used if the technical data
are known; test facilities are available. Electrical components
such as fuse, breaker, and relay are belonging to this group.
Method 3 will be used if components are complex; test
facilities and test procedure are unavailable for laboratory.
Mechanical components such as valve, pumps, and heat
exchanger are belonging to this group. Method 2 and Method
4 will not be used if the other two methods are available to
verify critical characteristic. The document control and
traceability may be a problem on Method 2 and Method 4 for
many suppliers.

Copyright © 2014 by ASME
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v
| Prepare the Dedication Procedure |
|
v v v v
[ Method 1 ] [ Method 2 ] [ Method 3 ] [ Method 4 ]
v v
(Standard) Survey of Source Acceptable
Special Supplier Verification Supplier/ltem
Tests and Performance
Inspections Record
Acceptance
Test
\ 4
Basic
Performance
EQ/SQ
\ 4 v v
Perform Special (Standard) (Standard) (Standard)
Post-installation Receipt Receipt Receipt
Testing Inspection Inspection Inspection
l | I |
v
Combination of Two or more of the four methods

® Item Accepted
® Prepare the Dedication Report
® Certification

Figure 3. Acceptance Process for Commercial Grade Items

3. TECHNICAL EVALUATION

The power distribution panels are new plant construction
design for the mobile diesel generators. Based on EPRI NP-
5652, the power distribution panels are regarded as scenarios
3 - initial procurement of commercial grade items. Technical
evaluation is performed to ensure the appropriate technical
and quality requirements are specified in the procurement
documents for the power distribution panels.

To consider the functions of power distribution panels are
provided backup power input connection of mobile diesel
generators while station blackout. The power distribution
panels within emergency diesel generators functional
boundaries that do not perform a safety-related function, but
whose failure could prevent accomplishment of safety-related
functions. In addition, the power distribution panels shall
maintain its function during and after station blackout to
comply with regulatory requirements. Due to the above

reasons, the power distribution panels are regarded as Class
1E components.

Lessons learned from Fukushima-Accident, the higher
temperature and radiation may occur at mild environment
beyond design environmental conditions when a plant severe
accident happens. As a result, the design temperature and
radiation refer to residual heat removal (RHR) system. The
design environmental temperature 65°C and radiation dose
0.2 Mrads are decided. To avoid tsunami or flooding attack,
the power distribution panels are requested to setup at high
ground level. Thus, the top level of combination structure is
selected for the power distribution panels’ location.

According to the design requirements of the nuclear power
plant in Taiwan, the Class 1E component located in harsh
environment need to be environmental and seismic qualified
based on IEEE Std. 323-1974 [4] and 344-1975 [5] standards.
These two qualification standards are also applied to the
power distribution panels.

The technical evaluation results need to identify the critical
characteristic for acceptance that can provide reasonable
assurance to show the components received meets specified
requirements. Verifying all critical characteristics is not the
intent of EPRI NP-5652. The critical characteristics for
acceptance are composed of partial critical characteristic for
design and the other item’s characteristic to provide
reasonable assurance. All critical characteristics must be
verified once selected. Justification why an identified critical
characteristic for acceptance is not verified should be
documented.

Based on above reasons, the critical characteristics for
acceptance of the power distribution panels include marking,
configuration, dimension, dielectric strength, rating, pickup /
dropout voltage for contactor, and time-current characteristics
for breaker / fuse. The selection of critical characteristics for
the power distribution panels were referred to EPRI JUTG
Commercial-Grade Item technical evaluation. Also, the
critical characteristics described in dedication plan were
approved by TPC. Total 24 test items were conducted in the
power distribution panels.

4. ACCEPTANCE PROCESS

The dedication acceptance method 1”special tests and
inspections” and method 3”source verification” are applied to
the power distribution panels dedication. The critical
characteristics, acceptance criteria, and acceptance method of
the power distribution panels including subcomponents should
be identified in the dedication plan. INER prepared the
dedication plan and approved by the customer or/and nuclear
power plant.

The power distribution panels dedication procedure
described the critical characteristics that identified in dedication
plan. Also, the dedication procedure included inspection,
function test, aging test, seismic test, and environmental test to
comply with the plant procurement requirements.
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The subcomponents of power distribution panels were
100% functional tested in dedication laboratory as shown in
Figure 4 . Therefore, the dedication acceptance method 1 was
applied.

Figur 4. Functional test of the subcompone
dedication laboratory

nts in

The test results showed that three test items did not meet
the acceptance criteria specified in the dedication procedure.
These deviations included higher temperature rise of fuse, fail
to continue pickup of contactor, higher temperature rise of
breaker. The cause of higher temperature rise has been clarified
due to fuse material design for high temperature application.
Evaluation results showed the deviation would not affect
neighborhoods components. Therefore, this deviation was
accepted. Two of ten contactors failed to continue pickup test
while the coils were energized. The contactor manufacture
evaluated this deviation belong to random failure. Thus, the
failure coils were replaced. Two contactors were retested to
meet acceptance criteria. However, the contactors have been
replaced after the coils fail to the radiation endurance test.
Temperature rise of the breakers can meet industry standards
but still cannot meet the acceptance criteria in dedication
procedure. The temperature rise will affect the qualified life of
components. Breaker qualified life was calculated by Arrhenius
equation based on temperature rise data. The results showed
that the qualified life of breaker did not meet procurement
requirement. For obtaining longer qualified life , the frame size
of breakers had been changed.

Aging tests of subcomponents include thermal aging,
operational aging, and radiation aging. Aging tests
demonstrated the qualified life of the subcomponents. The
thermal aging was performed in dedication laboratory as shown
in Figure 5.

Figure 5. Thermal aging test of the subcomponents in
dedication laboratory

Critical materials and its activation energy of the
subcomponents were identified to determine the aging
temperature 120°C.

Operational aging of the subcomponents was determined
according to the plant’s operation experience. Evaluation
results showed two hundred fifty times for 500A breaker (one
breaker); one hundred twenty-five times for 800A breaker (one
breaker); Two hundred fifty times for contactor (two
contactors). Rated current was applied during operational aging
test. The subcomponents were irradiated with 0.2 Mrads shown
in Figure 6(a) and 6(b) according to the plant’s design
environment. The total radiation dose 0.2 Mrads includes
normal operation and accident condition.

Figure 6(a). Radiation endurance test of the contactors in
INER’s radiation laboratory
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Figure 6(b). Radiation endurance test of the breakers in
INER’s radiation laboratory

Aged subcomponents were conducted functional test. Test
results showed that the two aged contactors was malfunction
and the other subcomponents complied with acceptance
criteria. Aged contactors failed to pickup/dropout test. These
aged contactors were inspected and checked the problem. The
coil containing an electronic circuit design was considered very
challenging to radiation environment. To evaluate radiation
endurance of the electronic circuit, a fresh coil as shown in
Figure 7 was exposed to 0.2 Mrads dose and then restored in
contactor followed by pickup/dropout test.

Figure 7. Electronic circuit design in the coil of contactor

This contactor failed to the pickup/dropout functional test.
This anomaly has reported to regulatory due to the
subcomponent failure after radiation endurance test. Also, the
contactors were replaced. Many enhancement activities were
performed based on the lessons learned of Fukushima-
Accident. The reason of reporting to regulatory was the
multifunction electrical components containing electronic
circuit may applied to new design electrical system.

The power distribution panels were assembled and tested
at the local manufacture as shown in Figure 8. Therefore, the
dedication acceptance method 3 was applied. Dedication
procedure specified hold point and witness during the power
distribution panels integrated functional test. Dedication quality
program was applied to the power distribution panels.

Dedication process verified the technical and quality
requirements to comply with procurement requirements.

Figure 8. Scene of the power distribution panels

The seismic and environmental qualifications are not
addressed in EPRI NP-5652. However, the dedication
procedure in INER address these qualifications. Also, the
procurement specification of nuclear power plant in Taiwan
requested the seismic and environmental qualifications. This
paper focus on dedication activities and do not described the
qualifications for details. The seismic qualification of power
distribution panels was based on the required response
spectrum (RRS) of the plant location and IEEE Std. 344-1975.
The environmental qualification of power distribution panels
was based on IEEE Std. 323-1974. To simulate design base
accident (DBA) condition, the power distribution panels were
placed in aging chamber with temperature 65Cand relative
humidity 95 percent. The power distribution panels were
energized with 70% rated load for 12 hours and de-energized
for 12 hours during 4 days test.

5. DISCUSSION

Commercial grade item dedication provides reasonable
assurance by technical evaluation and acceptance process.
Carefully selecting critical characteristics for acceptance is
based on the safety function of components and engineering
judgment. It is important to address critical characteristics for
acceptance in dedication plan and to approve by the customer
or/and nuclear power plant.

The design of commercial products should be evaluated
when applied to harsh environment. Qualified life and
environmental qualification of components are considered to
comply with specific design requirement of the nuclear power
plant. Although one random failure was found on contactor, the
breaker, contactor, and fuse still have high quality to comply
with industry standards. The lesson learns of this dedication
showed that the commercial grade items needed to pay more
attention to safety related applications. Carefully selecting
market available subcomponents is also very important to meet
the plant specific design requirements.

The higher temperature rise affected the qualified life of
components. The multifunction electrical components
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contained the electronic circuit that could not passed radiation
endurance test. Therefore, rigor of dedication process is
necessary to find the subcomponents deficiency while used in
harsh environment.

6. CONCLUSIONS

INER has dedicated the power distribution panels for local
manufacturer to support the design enhancements of the
domestic nuclear power plant. The custom-designed products
followed by dedication process provided second source to
obtain safety related components.

The power distribution panels were designed and
manufactured by local vendor and dedicated by INER to
establish the self-reliant capability which can supported
domestic nuclear power plants continually safety operation.
Also, INER provides dedication service for local vender to
enhance its design capability and product quality to apply
nuclear industry.
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In response to the Fukushima-Accident, Taiwan
Power Company (TPC) has set up several
mobile diesel generators at nuclear power plants
to comply with regulatory requirements.

The power distribution panels are designed to
provide backup power input connection for
mobile diesel generators.
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|ntroduction @)

Power distribution panels and mobile diesel
generators are located at the top level of
combination structure to avoid tsunami or
flooding attacks.

Design environmental temperature 65°C and
radiation dose 0.2 Mrads are considered for the
power distribution panels.
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Introduction @)

Power distribution panels are considered to
locate In harsh environment according to the
plant design specification.

Currently, the harsh environmental qualified
electrical panels for nuclear power plants are
limited. Therefore, the custom design followed
by dedication process Is a better approach for
power distribution panels.
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According to 10 CFR 21.3 definitions:

Basic components are items designed and
manufactured under a quality assurance
program complying with appendix B to part 50
or commercial grade items which have
successfully completed the dedication process.
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Codes and Standards for Dedication in Taiwan
Nuclear Reactor Facilities Regulation Act

Regulations on the Dedication of Commercial Grade
Iltems and of Dedication Agency

EPRI NP-6406
EPRI NP-5652
|EEE std. 323
|EEE std. 344
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= Dedication Process (1/4)

Utilization of Commercial Grade Items

Commercial Grade Item

Technical n Acceptance
Evaluation Process
Dedicated Item Purchased as a Basic
Commercial = Component to 10CFR50,
Grade Item Appendix B Requirements
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= Dedication Process (2/4)

Technical evaluation
Ensures replacement items equivalent to the originals

Determine items critical characteristics for acceptance
verification

Critical characteristics must be i1dentifiable and measurable
attributes to provide reasonable assurance

Can be conducted by utility itself or dedication party (INER)

Must have safety classification, codes and standards, failure
modes and effects analysis, items safety function, and effects of
maintenance and surveillance

EPRI Joint Utility Task Group (JUTG) Commercial Grade Item
provide technical evaluation for reference.
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= Dedication Process (3/4)

Acceptance process
Reasonably assure the item received is the item which specified
The acceptance methods specify in EPRI NP-5652 as following:
— Method 1 - Special tests and inspections
— Method 2 - Commercial grade survey of supplier,
— Method 3 - Source verification,

— Method 4 - Acceptable supplier/item performance record

— T\ ,:, Institute of Nuclear
Energy Research
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= Dedication Process (4/4)

In our practice

Method 1 will be used if the technical data are known; test
facilities are available. Electrical components such as fuse,
breaker, and relay are belonging to this group.

Method 3 will be used if components are complex; test facilities
and test procedure are unavailable for laboratory. Mechanical
components such as valve, pumps, and heat exchanger are
belonging to this group.

Method 2 and Method 4 will not be used if the other two
methods are available to verify critical characteristic. The
document control and traceability may be a problem on Method
2 and Method 4 for many suppliers.
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Power Distribution Panels Dedication (1/4)

14 power distribution panels
were dedicated. The power
distribution panels are composed
of breaker, contactor, fuse,
terminal block, and cable.

«  Subcomponents of the power
distribution panels were 100%
functional tested in dedication
laboratory.

11
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Power Distribution Panels Dedication/4)

» Thermal aging test of the panels
In dedication laboratory. Critical
materials and its activation
energy of the subcomponents
were identified to determine the
aging temperature 120°C.

» Radiation endurance test of the
panels in INER’s radiation
laboratory. The total radiation
dose 0.2 Mrads includes normal
operation and accident condition.

Institute of Nuclear
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inER Power Distribution Panels Dedication (3/4)

Radiation aged contactors failed
to pickup/dropout test. The coil
containing an electronic circuit
design was considered very
challenging to radiation
environment.

To evaluate radiation endurance
of the electronic circuit, a fresh
coil was exposed to 0.2 Mrads
dose and then restored In
contactor followed by
pickup/dropout test.
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Anomaly reported

This contactor failed to the pickup/dropout functional
test. This anomaly has reported to regulatory due to
the subcomponent failure after radiation endurance
test. Also, the contactors were replaced. The reason of
reporting to regulatory was the multifunction electrical
components containing electronic circuit may applied
to new design electrical system.
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ineR Seismic Qualification

« The seismic and environmental
qualifications are not addressed in
EPRI NP-5652. However, the
dedication procedure in INER address
these qualifications.

« The seismic qualification of power
distribution panels was based on the
required response spectrum (RRS) of
the plant location and IEEE Std. 344-
1975.

» The functions of contactors and
breakers were monitoring during
seismic test.
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inem Environmental Qualification

« The environmental qualification of
power distribution panels was based
on IEEE Std. 323-1974.

» To simulate design base accident
(DBA) condition, the power
distribution panels were placed in
aging chamber with temperature
65 C and relative humidity 95 percent.

« The power distribution panels were
energized with 70% rated load for 12
hours and de-energized for 12 hours
during 4 days test.
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Discussion

Commercial grade item dedication provides reasonable
assurance by technical evaluation and acceptance
process.

Carefully selecting critical characteristics for
acceptance Is based on the safety function of
components and engineering judgment.

It Is Important to address critical characteristics for
acceptance in dedication plan and then to approve by
the customer or/and nuclear power plant.
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Conclusions

The custom-designed products followed by dedication
process provided second source to obtain safety related
components.

The power distribution panels were designed and
manufactured by local vendor and dedicated by INER
to establish the self-reliant capability which can
supported domestic nuclear power.

INER provides dedication service for local vender to
enhance Iits design capability and product quality to
apply nuclear industry.
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