NETA

Developing a Safe and Reliable
Electrical Power System.




@. Topics for Today

 Who is NETA?
« What are the ANSI/NETA Standards?
« Specifying a NETA Accredited Company

 How can builders, contractors, architects and
engineers ensure safety and reliability in
electrical power system installations?

« What should an electrical preventive
maintenance program look like?
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What Is NETA?




N
NETA IS an association of electrical

testing companies that is committed to
advancing the industry’s standards for
power system installation and
maintenance to ensure the highest
level of electrical reliability and safety.

NETA



@, The InterNational Testing Association

« Member Companies US, Canada, Puerto Rico,
Chile and Brussels

* Approximately 1,500 Certified Technicians
» Approximately 1,100 individual Affiliates

* International Associate subscriptions include
representatives from over 60 countries including
Columbia, India, Thailand, Hong Kong, Finland,
Saudi Arabia, Sweden, Greece, England, Australia,
Cuba, Mexico and many more

NETA



@. NETA Mission

"he mission of the International Electrical
‘esting Association Is to serve the
electrical testing industry by:

« Establishing standards
* Publishing specifications

« Accrediting independent, third-party,
electrical testing companies

 Certifying test technicians




@. NETA Mission

The Association also:

* Collects and disseminates information and
data of value to the electrical industry

« Educates the public and end user about the
merits of electrical acceptance and
maintenance testing




InterNational Electrical Testing
EiA Association

NETA has been an Accredited Standards
Developer for the American National
Standards Institute (ANSI) since 1996.

ANSI recognizes NETA's industry

leadership through:
- ANSI/NETA ETT-2010
« ANSI/NETA ATS-2009 ANSI
« ANSI/NETA MTS-2011




InterNational Electrical Testing
EiA Association

» Accreditation of third-party, independent
electrical testing companies

 Certification of electrical testing
technicians

* 40 YEARS of on going support and
education of NETA members, their
technicians, and friends of NETA




@. NETA Education Tools

* NETA World Journal

* NETA Handbooks — 14 Volumes

« SPTS — Self Paced Technical Seminars
* Online Courses

 PowerTest Conference

 NETA Affiliate Program
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What are
ANSI/NETA Standards?




@. ANSI/NETA Standards

The ANSI/NETA Standards address:

 Standards for Acceptance Testing

« Standards for Maintenance Testing

 Standards for Certification of Electrical Testing
Technicians




@. ANSI/NETA Standards

The Scope of the ANSI/NETA Standards is
different from that of the IEEE, NECA,
NEMA, and UL.

—In matters of testing electrical equipment and
systems NETA Standards are more
comprehensive. They reference other standards
developers’ documents where applicable.

—NETA's review and updating of presently
published standards takes into account both
national and international standards.

NETA



@. ANSI/NETA Standards

The Scope of the ANSI/NETA Standards
Is different from that of the IEEE, NECA,
NEMA, and UL. (cont.)

—NETA's standards may be used internationally
as well as in the United States.

—NETA firmly endorses a global standardization.

—|EC standards as well as American consensus
standards are taken into consideration by
NETA's section panels and reviewing
committees.

NETA



ElA ANSI/NETA ATS-2009

ANSI/NETA Standard for
Acceptance Testing

ANSI/NETA ATS-3000

T— Specifications for Electrical

ACCEPTANCE Power Equipment and Systems
ESTING
gPEC::lCATIONS Developed for assessing the suitability for initial

S koo energization of electrical power equipment and
Equipment and Systems SySte ms.

e | Specifies field tests and inspections that ensure
7/7"j Testing Association these systems and apparatus perform
satisfactorily, minimizing downtime and

2@@@ maximizing life expectancy.

dShould always be referenced in design

specifications or when performing acceptance
testing on power system installations.

NETA




ElA ANSI/NETA MTS-2011

ANSI/NETA Standard for Maintenance

Testing Specifications for Electrical

Power Equipment and Systems - New

Edition

O Developed for use by those responsible for the
continued operation of existing electrical
systems and equipment.

O Provides a guide in specifying and performing
the necessary tests to ensure that these
systems and apparatus perform satisfactorily,

thus minimizing downtime and maximizing life
expectancy.

O Should always be referenced when writing
maintenance specifications or performing
routine testing on electrical power systems.

NETA



@, ANSI/NETA ETT-2010

ANSI/NETA Standard for
. | Certification of Electrical Testing
A Technicians

CermiFicaTion | U Developed to provide a standard for

OF certification of electrical testing
ELECTRICAL technicians.
TESTING

TECHNICIANS  Created to codify the experience,
education, and training requirements
necessary for an individual to obtain a
level of competency as an electrical test
technician.

NETA
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Why Specify a NETA
Accredited Company ?
(NAC)




@, NETA Accredited Companies

NETA's accreditation process carefully examines the
gualifications of each NETA Accredited Company
(NAC) in addition to certifying the individual technician
employed by that NAC.

Accredited Company + Certified Technician = Quality




@, NETA Accredited Companies

NETA — NAC’s Unique Qualifications

1. NETA CERTIFIED TECHNICIAN — Field Experience,
Training, and Continuing Education

SAFETY — Setting the Standard
THIRD-PARTY, INDEPENDENT TESTING
QUALITY ASSURANCE

TOTAL SYSTEM EXPERIENCE - Total System
Service

a bk Db

NETA




A InTERNATIONAL ELECTRICAL TESTING ASSOCIATION

SErTnG THE STANDARD

NETA CERTIFIED

Joe Neta Level I
Test Assistant ExpJan/2011

Certification # 010101010

Trained on NETA Testing
Standards

Technical Knowledge + Field
Experience

Broad-based

Continuing Education
Requirements

Backed by NETA Accredited
Company
Meets ANSI/NETAETT

NETA




Safety Assurance

LiTH
....

% for Electrical
%. Safety in the
%. Workplace’

.....

....

i

.....

* Industry leaders in safe
work practices

« Trained in complex safety
assessment

« Compliant with NETA and
All Industry Related Safety
Requirements

NETA




@. NAC Testing

Third-Party + Independent = Unbiased Evaluation




Quality Assurance

NAC Corporate Infrastructure
Calibration Program

Report Parameters

PE Reviewed Reports
Continued Education and
Training

Leading Technology

NETA



@. Total System Experience

All voltages, all manufacturers:
* Transformers

« Switchgear and CBs

» Power Cable

* Relaying Protection

From incoming service to the mechanical load

NETA



Why Test




@, Why Test

Do you believe an electrical system:
* Must be designed and engineered properly.
« Quality equipment should be procured.

* It should be installed to all applicable codes
and standards by qualified installing
contractors and vendors.

 Verification of all above should be performed
through an independent, third — party
Inspection process.

NETA




@, Why Test

But often projects fall victim to the

following:

« Poorly written specifications & contracts

 Lack of understanding with respect to design
and application of electrical equipment

« Budget & time constraints
« Ungualified contractors & installers

» Use of unaccredited testing & commissioning
contractors

NETA



@. Why Test

Verify electrical & mechanical integrity as well
as the functional performance of the
electrical system

Electrical acceptance testing helps
determine:
* If the newly-installed equipment is safe to operate

« Components and installation are in conformance
with drawings and specifications

* Provides base-line testing results

* That the equipment will function properly on all
taps and settings

NETA



@, Why Test

Third party testing offered by an

unbiased and qualified entity provides
an overall assessment of the system,
based and national consensus

standards and technical certifications.

NETA



Technician
Qualifications




@, Total System Experience

NETA recognizes four levels of
competency In the electrical
testing industry




@. Qualifications

Level | — Trainee Technician
* Entry level to two years.
 Typical activities include:
—Simple assistance.
—Simple measurements
—Test equipment set up and put away
—Cleaning

NETA



@. Qualifications

Level || — Assistant Technician

« TWO years minimum experience,
education.

« Must pass qualifying examination.

 Typical activities include:
— Assists
— Inspects
— Tests
— Data collection

— Test for de-energized locked out/tagged out
equipment

NETA



@. Qualifications

Level Il — Certified Technician

* Five years’ minimum experience,
education.

« Must pass qualifying examination.

* Typical activities include:
— Lockout/tagout, safety grounding

— Test for de-energized medium-voltage
equipment

— Performs moderately complex tasks

— Interacts with other skills and operations

NETA



@. Qualifications

Level IV — Certified Senior Technician

* Ten years’ minimum experience,
education.

« Pass qualifying examination.

 Typical activities include:

— Test for de-energized high-voltage
equipment.

— Corrects system failures.
— Performs very complex tests.
— Interacts with engineers and managers.

NETA
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How Can You Help
Ensure Safety and Reliability?




@, Ensure Safety and Reliability

Bid Specifications Should Include:

1 Acceptance testing of all electrical equipment and
systems

 Testing in accordance with the most recent
ANSI/NETA ATS standard

 Testing Performed by a NETA Accredited Company
(NAC) and NETA Certified Technicians

1 Alist of local NACs

NETA
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MASTERSPEC - PART 1 GENERAL

) PART 1 - GENERAL

L5

A

QUALITY ASSURANCE

Testing Agency Qualifications: An mdependent agency, with the expenience and capability to
conduct the testing indicated, that is a member company of the InterNational Electrical Testing
Associalion or # a malionally recognized testing laboratory (NRTL) as defined by OSHA in
20 CFR 1910.7, and that is acceptable to authoritics having jurisdiction.

1. Testing Agency’s Field Supervisor: Peason cumrently certificd by the InterNational
Electrical Testing Association o the National Institute for Certification in Enginearng
Techoologies Lo suparvise an-sile testng specified m Part 3.

Tosting Agency Qualifications: An mdependent agency, with the experience and capability to
condoct the testing indicated. that is a nationally recognized testing laboeatory (NRTL) as
defined by OSHA in 29 CFR 1910.7

Source Limitatons:  Obtain cach type of swichgear and associated components through one
source from a single manufacturer.

Product Optiors: Drawings mclicale swze, profiles, and dimensional requirements of switchgear
and arc basad on the specific system mdicated.  Refer 1o Sation G16000  "Product
Rexquirements,”

Electrical Components, Devices, and Accsssorics: Listed and labeled a5 defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.

Comply with IEEE C2.

PART 2 -PRODUCTS

PART 2 - EXECUTION

MASTERSPEC — Part 1
Current Reference

DOES:
Provide a general reference
to testing agency and
testing technician
gualifications.

DOES NOT:
Specify compliance with the
ANSI/NETA ATS Standard.

NETA



Part 1
. Prequalification Statement

1.5 QUALITY ASSURANCE

A. Electrical Power Equipment and Systems: Tested as specified by the ANSI/NETA Standard for Acceptance Testing Specifications for
Electrical Power Equipment and Systems and defined in Sections 3 — 11, by a NETA Accredited Company or equivalent third-party,
independent testing agency which can function as an unbiased testing authority, professionally independent of the manufacturers,
suppliers, and installers of equipment or systems being evaluated.

Test technicians shall be certified in accordance with ANSI/NETA ETT-2010 Standard for Certification of Electrical Testing Technicians. Each on-site
crew leader shall hold a current certification, Level 1l or higher, in electrical testing.

B. Qualification of Testing Organization: In accordance with Section 3.1 of the ANSI/NETA Standard for Acceptance Testing Specifications
for Electrical Power Equipment and Systems
1. The testing organization shall be an independent, third party entity which can function as an unbiased testing authority,
professionally independent of the manufacturers, suppliers, and installers of equipment or systems being evaluated.

2. The testing organization shall be regularly engaged in the testing of electrical equipment devices, installations, and systems.

3. The testing organization shall use technicians who are regularly employed for testing services.

4. An organization having a designation of “NETA Accredited Company” issued by the InterNational Electrical Testing Association
meets the above criteria.

5. The testing organization shall submit appropriate documentation to demonstrate that it satisfactorily complies with these

requirements.

C. The testing organization in accordance with Section 4.2 of the ANSI/NETA Standard for Acceptance Testing Specifications for
Electrical Power Equipment and Systems shall provide the following:

1.All field technical services, tooling, equipment, instrumentation, and technical supervision to perform such tests and inspections.
2.Specific power requirements for test equipment.

3.Notification to the owner’s representative prior to commencement of any testing.

4.A timely notification of any system, material, or workmanship that is found deficient based on the results of the acceptance tests.
5.A written record of all tests and a final report.

D. Safety and Precautions practices shall be in accordance with Section 5.1 of the ANSI/NETA Standard for Acceptance Testing
Specifications for Electrical Power Equipment and Systems

NETA



@, Specify Acceptance Testing

1.5 QUALITY ASSURANCE

A. Electrical Power Equipment and Systems:
Tested as specified by the ANSI/NETA
Standard for Acceptance Testing
Specifications for Electrical Power Equipment
and Systems and defined in Sections 3 — 11




@, Specify Testing by a NAC

A. ... by a NETA Accredited Company, or an
equivalent, third-party, independent testing
agency which can function as an unbiased
testing authority, professionally independent of
the manufacturers, suppliers and installers of
equipment or systems being evaluated.




EIA Specify Testing Agency Qualifications

B. Qualification of Testing Organization: In accordance with Section
3.1 of the ANSI/NETA Standard for Acceptance Testing
Specifications for Electrical Power Equipment and Systems

1. The testing organization shall be an independent, third party entity which can
function as an unbiased testing authority, professionally independent of the
manufacturers, suppliers, and installers of equipment or systems being evaluated.

2. The testing organization shall be regularly engaged in the testing of electrical
equipment devices, installations, and systems.

3. The testing organization shall use technicians who are regularly employed for
testing services.

4. An organization having a designation of “NETA Accredited Company” issued by
the InterNational Electrical Testing Association meets the above criteria.

5. The testing organization shall submit appropriate documentation to demonstrate
that it satisfactorily complies with these requirements.

NETA



@. Specify NETA Certified Technicians

 Test technicians shall be certified in accordance
with ANSI/NETA ETT-2010 Standard for
Certification of Electrical Testing Technicians.

« Each on-site crew leader shall hold a current
certification, Level Il or higher, in electrical
testing.




EIA.  Specify Technician Qualifications

C. The testing organization in accordance with Section 4.2 of the ANSI/NETA

Standard for Acceptance Testing Specifications for Electrical Power

Equipment and Systems shall provide the following:

1.

All field technical services, tooling, equipment, instrumentation, and technical supervision to

perform such tests and inspections.

. Specific power requirements for test equipment.

Notification to the owner’s representative prior to commencement of any testing.

A timely notification of any system, material, or workmanship that is found deficient based on

the results of the acceptance tests.

. A written record of all tests and a final report.




ElA Specify Testing Requirements

1.5 QUALITY ASSURANCE

C. The testing organization shall provide the following:

« All field technical services, tooling, equipment,
Instrumentation, and technical supervision to perform such
tests and inspections.

« Specific power requirements for test equipment.

* Notification to the owner’s representative prior to
commencement of any testing.

« Atimely notification of any system, material, or workmanship
that is found deficient based on the results of the acceptance
tests.

« Awritten record of all tests and a final report.

NETA




MASTERSPEC - PART 1 GENERAL

PART 1 - GENERAL

L3 QUALITY ASSURANCE

A Teting Agency Qualifications: An mdependent agency, with the expenience and capability to
canduct the testing idicated, that 1s a member company of the InterNational Electrical Testing
Associalion or 3 nalionally recognized testing laborstory (NRTL) as defined by OSHA in

) 29 CFR 19107, and that is acceptable to authoritics having jurisdiction.

1. Testing Agency’s Field Supervisor: Peson cumently certificd by the InterNational
Flectrical Testing Association or the National Institute for Certification in Engineering
Technelogien Lo supervise an-sile testing specified m Part 3,

B. lmmg Ageney Quhﬁcahms An indqudum agency, with the expenience and capability to
ot the tests ficated. that is a nationally 1 ized testing labeeatory (NRTL) as
defined by OSHA & in 20 CFR 1910.7,

€. Source Limitatwons: Obtain cach type of swiichgear and assoctated components through one
source from a single manufacturer,

D Product Options: Drawings mdicale swe, profiles, and di 1omal requir ts of swit
and arc basad on the specific system mdicated.  Refer 1o Sation G160400 "Pmdlm
Rexpuirements,”

E Electrical Components, Devices, and Accessorics: Listed and labeled as defined in NFPA 7,
Anticle 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intendad use.

F.  Comply with IEEE C2.

PART 2-PRODUCTS

PART 3 - EXECUTION

35 FIELD QUALITY CONTROL
A Prepare for acceptance tests as follows:
1. Test msulati v tor each switchgear hus, component, ¢ cting supply, foeder,

and control circuit,
2, Test comtinuity of eich ciscuit

B, Manufacturer's Fadd Servace: Engage a factory-authorized service representative 1o perfarm the
following:

ANSI/NETA Prequalification STMT

ANSUNETA STANDARD
PREQUALIFYING STATEMENT
FOR MASTERSPEC DOCUMENTS

15 DUALITY ASSURANCE

A Sectincd Poseer Fquiprmmes and Sptemc Tected an spectbed by the AKSUNETA Stonasnd for
Acoeptonae Tesuing Sonciicatsaos for Paconcal Poaer Foupment ard Spams and defired i»
Sactions 3= 11, by » NETA Accradiied Company or rquivabens third pary, indagenden teuing
agercy wtich can farction as an snbleed tmting sutharky, profewonsily indepensem of the
marfactirers, s@phers, a0 st allers of eqameNT OF srsnemi s Being eeabiated
Test fecrricions shall be cantiVed in acoordance with ANSYNETA ETT-2010 Stonsdond far Carmvation

of Bectning) Tesniog Techovcians. Each pn-site crew leader shofl hold 3 curent cersification, Leved
W or higher, s electricl testing.

k of Teuirg Ot " with Secon 11 of the ANSUNTTA Sionasnd for
Acceptonce Testng Spwaliatians for Placinicsl Paawr Fgadpmant asd Sprem

L Theimery iulbc.n A whirdd party ety miech cot funchion el e
wrbsned tatng outh iy nd of Se i wapphers, ard
rstalions of ey o sum Tong absated

1 The testng orgarization Shall be pepudarty engagsd i the testing of decincy eguprent
deaoes, branylations. ard wiema

1 The trating organinacion dhall uwe techoiciny who ave sepuiarty emgiopes Sor teting serdoes.

“‘ An orgartcation hadng s desigrason of "NITA Azcresited Compery” v bry the
witarthatmal Ehecteal Yenting Asocistom meets the sbsove critene.

5 The testagg organitatson il subied appipe e docarran Lathon 40 dernorminsde that i
sristoctordy compies with these requirsments.

C The teging organizathon o acooddance with Saction & 7 of the ANG/KETA Soondord! for Acceptsnce
Testieg Specfionrons for Bermial Power Spuement ong' Systenes shall prowe the Toliowing:

L AR el tachnical servion, Loodey, wodd tachrcd
supensigon to perform such tests and nspections.

L Spedilic powsr rosaresnts fon Lt o ouipement
3, Notification 10 the ownes’s representative [ninr 10 commencement of amy testing

4. Aty netlication of any system, materul or workesarbig that o found deficlent
based on the resuts of the Jceptance tests,

% Awerttse rocord of A twety ped & final report,

D. Safery ang Procoumons practices shad De in dcoordance with Section 5.3 of the ANSUNETA
for Accey Texting Specy for Clectrical Power £ gupment and Syctems

o nelawond (g




MASTERSPEC — PART 3 Test Specifications

Copyright 2003 ATA MASTERSPEC - SHORT FORM 12/03

1. Sheath: PVC; except in plenum-type spaces, use sheath listed for plenums.

Ordinary Switching Circuits: Three conductors, unless otherwise indicated.

Switching Circuits with Pilot Lights or Locator Feature: Five conductors, unless
otherwise indicated.

»N

PART 3 - EXECUTION

3.1 CABLING
A, Comply with NECA 1.

Install cables and wiring according to requirements in Division 16 Section "Voice and Data
Communication Cabling."

C.  Wiring Method: Install wiring in raceway and cable tray except within consoles, cabinets,
desks, and counters. Conceal raceway and wiring except in unfinished spaces.

D.  Wiring Method: Install wiring in raceway and cable tray except within consoles, cabinets,
desks, and counters and except in accessible ceiling spaces and in gypsum board partitions
where unenclosed wiring method may be used. Use NRTL-listed plenum cable in
environmental air spaces, including plenum ceilings. Conceal raceway and cables except in
unfinished spaces.

E.  Identify components and power and control wiring according to Division 16 Section " Electrical
Identification.”
F.  Label cach power monitoring and control module with a unique designation.

G.  Grounding: Comply with IEEE 1100, "Power and Grounding Sensitive Electronic Equipment."”

3.2 FIELD QUALITY CONTROL
A, Perform tests and inspections and prepare test reports.
1. Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect components, assemblies, and equipment installations, including connections, and

to assist in testing.

B.  Tests and Inspections:

1. Electrical Tests: Use caution when testing devices containing solid-state components.

2. Continuity tests of circuits.

3. Operational Tests: Set and operate controls at workstation and at monitored and
controlled devices to demonstrate their functions and capabilitics. Use a methodical
sequence that cues and reproduces actual operating functions as recommended by
manufacturer. Submit sequences for approval. Note response to each test command and
operation. Note time intervals between initiation of alarm conditions and registration of
alarms at central-processing workstation.

ELECTRICAL POWER MONITORING AND CONTROL 16215-11

ANSI/NETA ATS 2009

¢ 5 INSPECTION AND TEST PROCEDURES
7.3 Cahles, Medium- and High-Voltage
I Viswal and Mochanical Tnspectbon
| Campare cable data with dmwings and specifications
2 Inspect exposed sechons of cables for physcal dimsge

3 Inspect bolted electnical connections for lgh resistance using onz o mare of the fallowing
ks

| Use of » low-resistance ohmmeser in accogdancs with Secion 7332

2 Venly tiphtness of acoessable balted electncal connections by calibruted toegue-wrench

method in sccordance with manufachirer’s pubdished data or Table 10012

3 Perform o thermograpbie survey macoardance with Secion 9
4 Inspect compression-spplicd comnecroes for correct cable patch and indentation
5. Inspect shield groarsckng, cable supports, and termirations

6 Venfv thet visble cable bands meet of excead ICEA and suamifactuees™s mmieen publishod
bending s

Inspoct fireprocfing in commoen calie soes

§  Ifcables are ternminated through window-type owrrent transformess, mspect to venfy that neatral
and ground conductons sre correctly phicod und Gt shield are coerectly trmmmated oo
operatzon of protective devsces.

9 nspedct for correet 1dent fication and artangaments

10, Inspect cable jaoket and insulation condition

2. Ebectrical Tests

| Pesfonm ressstanos mensuremens through bolted connections with a Jow-resistance ohmmeter,
i applscatde. in accordmes with Saction 733 1

»

Pecfonm an insidation-resistance test individually on cach condectoe with all other condactars
und shields grounded. Apply voltage moaccondance with msnfacturer’s published data. In the
absence of manufactuzer's pahlished data, use Table 100.1

3 Paform ashieldcontinenty test on each pewer cable

* Optional

~

Pase AD




MASTERSPEC — PART

Copyright 2003 ATA

MASTERSPEC - SHORT FORM 12/03

1. Sheath: PVC; except in plenum-type spaces, use sheath listed for plenums.
2. Ordinary Switching Circuits: Three conductors, unless otherwise indicated.
3. Switching Circuits with Pilot Lights or Locator Feature: Five conductors, unless

otherwise indicated.

PART 3 - EXECUTION

3.1

32

CABLING
Comply with NECA 1.

Install cables and wiring according to requirements in Division 16 Section "Voice and Data
Communication Cabling."

Wiring Method: Install wiring in raceway and cable tray except within consoles, cabinets,
desks, and counters. Conceal raceway and wiring except in unfinished spaces.

Wiring Method: Install wiring in raceway and cable tray except within consoles, cabinets,
desks, and counters and except in accessible ceiling spaces and in gypsum board partitions
where unenclosed wiring method may be used. Use NRTL-listed plenum cable in
environmental air spaces, including plenum ceilings. Conceal raceway and cables except in
unfinished spaces.

Identify components and power and control wiring according to Division 16 Section " Electrical
Identification.”

Label each power monitoring and control module with a unique designation.

Grounding: Comply with IEEE 1100, "Power and Grounding Sensitive Electronic Equipment."

FIELD QUALITY CONTROL
Perform tests and inspections and prepare test reports.

1. Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect components, assemblies, and equipment installations, including connections, and
to assist in testing.

Tests and Inspections:

1. Electrical Tests: Use caution when testing devices containing solid-state components.

2. Continuity tests of circuits.

3 Operational Tests: Set and operate controls at workstation and at monitored and
controlled devices to demonstrate their functions and capabilities. Use a methodical
sequence that cues and reproduces actual operating functions as recommended by
manufacturer. Submit sequences for approval. Note response to each test command and
operation. Note time intervals between initiation of alarm conditions and registration of
alarms at central-processing workstation.
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Class Of Equipment

Why Perform Electrical

Preventive Maintenance?

% Of All Electrical Fire Losses

L \J

ot Wens Conad By mdw«'
25 50 75

100

Switches (Air & O¥l)
Cables

Motors

Switkchgear

Circuit Breakers
Controllers

Generotors

Switchboards

Tronsformen

“A study by The Factory
Mutual Insurance Group
Shows that an average of
56% of all electrical fire
losses were due to lack of
preventive maintenance.”
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Top Causes of Electrical

ETA Distribution System Failures

O Loose Connections/Parts
B Moisture

O Line Disturbance (Other than Lightning)

O Defective/lnadequate Insulation

W Lightning

B Foreign Objects/Short Circuiting
® Collision

O Overloading/Inadequate Capacity

B Accumulation of Dust, Dirt, and Oil

B All Other Causes

Based on Hartford Steam Boiler Claims Data




Elj

Total Failures due to
Insulation Breakdown

Component

Transformers

Circuit Breakers
Disconnect Switches
Insulated Switchgear Bus
Bus duct

Cable

Cable Joints (splices)
Cable Terminations

Based on IEEE Gold Book Table 36

Percentage of insulation failure

84%
21%
15%
95%
90%
89%
91%
87%




/_k Electrical Preventive
A |
g, Maintenance Program

Condition-Based Maintenance

* Maintenance Planning

* Predictive Maintenance

* Preventive Maintenance

* Proactive Maintenance

* Performance Measurement and Tracking
* Continuous Improvement

NETA
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Maintenance Planning

Maintenance Planning

 Work Order System
 Written Procedures
* Planning:

— Scope of Work

— Budget Estimates
— Resource Schedule
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Predictive Maintenance

Predictive Maintenance (PdM)

* Non-invasive.

* Performed while plant is operating.

* Application of PdM tools and techniques.

* |dentify (or predict) potential failure modes.

(NFPA 70B & NETA MTS)
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Eﬁ Preventive Maintenance
S

Preventive Maintenance (PM)
 Can be invasive.
* Performed while plant is shutdown.

e Application of PM tools and techniques:

— Inspect

— Clean

— Lubricate

— Periodic and appropriate electrical testing

(NFPA 70B & NETA MTS)

NETA




ﬁETA Pro-active Maintenance
\// |

Pro-active Maintenance (PAM)
* Reduce maintenance costs
* Improve effective reliability
* Improve useful life
* Review operating history.
— Uptime vs. downtime
— Written failure analysis.
e Review maintenance history.
— Trending test data
— Maintenance cost control
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Performance Measurement and Tracking

Performance Measurement and Tracking

* Maintenance activities evaluated
— Reliability
— Accountability
— Reporting
— Trending
« Established process
— Tracking progress
— Implementing corrective action




“E }“ Continuous Improvement

Continuous Improvement

* Integrates EPM criteria results

* Unified focus of plant organizations
—Improved productivity
—Improved performance
—Improved reliability

* Employee training.

* Qualified contractors




Testing Frequency Matrix
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Testing Frequency Matrix

ONLINE TESTING
Predictive Maintenance
To Be Performed at Intervals noted below (Interval
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PdM testing
is typically performed at

least annually




@. Testing Frequency Matrix

Predictive Maintenance

N1. Physical Inspections.

N2. Oil Sample Analysis.

N3. Infrared Inspection.

N4. Ultrasonic Emission (UE) Surveys.
N5. Partial Discharge (PD) Testing.
N6. Battery Tests.

Nxx Denotes Description Notes
in an EPM Program




Testing Frequency Matrix

1-2 years for HV

ielectric Overpotential

HiPot)

DC and/or AC Test)

glvu: Tan Deita

=
~

OFFLINE TESTING
Preventive Maintenance
To Be Performed With Outage at intervals noted in Matrix below (Interval units are Years)
2 o & < -~
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Most PM testing is performed
on a 3-5 year cycle

Exceptions:
1.) Every 1-2 years for Batteries
2.) Every 1 year for Generators




Eﬁ.. Testing Frequency Matrix

Preventive Maintenance
N7. Dielectric Overpotential (HiPot).

N8. VLF Tan Delta

N9. Insulation Resistance.

N10. Contact/Connection Resistance.

N11. Fuse Resistance.

N12. Dielectric Absorption Ratio/Polarization Index

N13. Power Factor/Dissipation Factor

N14. Winding Resistance.

N15. Turns Ratio Test

N16. Vacuum Bottle Integrity.

N17. Electrical Operability Test Nxx Denotes Description Notes

N18. Mechanical Operability Test. in an EPM Program
N19. Capacitance Test.

N20. Ground Resistance.
N21. Continuity Test.
N22. Emergency System Operability/Load Test

NETA



Testing Frequency Matrix

Axx Denotes

Procedures from the

EPM Program

NFPA 70B & NETA MTS

A1 Transformer, Oil-Filled >500 KVA
A1 Transformer, Dry-Type >500 KVA
A2  |Breakers, MV Air
A3 Etoakon. MV Vacuum
A4 |Breakers, MV Oil
A4 |Breakers, MV SF6
E A5 Switches, MV Air
1y A6  |Switches, MV Vacuum
i A7  [switchgear/Switchboard, MV
A7 Switchgear/Switchboard, SF6 MV
§ AB Starters(Contactors), MV Vacuum
3 A5 |Starters(Contactors), MV Air
> A7 |Buses/Bus Bar Air Insulated, MV
5 A8  |Cables, MV >=5kV
3 A9  |Protective Relays
A18  [Grounding System
A10 I3urgolughmlng Arrestors
A17 V Capacitors
A11  |Breakers, LV Power >400A
A12  |Breakers, LV Molded Case >400A
A12  |Breakers, LV Insulated Case >400A
A13  |Switches, LV (>400A)
g A7  [Switchgear, LV
- A7 |Buses, LV
v
s A8 |[Cables, LV
] A14  |UPS System
§ A15 |Batteries, Sealed
£ A16  |Batteries, Vented
> A17  |Capacitors
§ A18  |Grounding System

|Ground Fault Indication

[Emergency Generation System
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NETI}. EPM Program
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Discussion
* Applications
* Testing Requirements




