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CONTROL WIRING AND CABLE 

PART 1 - GENERAL DESCRIPTION 

1.1 SUMMARY 

This specification covers the supplying of all labor, material and equipment necessary to 
construct the wiring system for the project.  

1.2 REFERENCE STANDARDS, CODES AND SPECIFICATIONS 

Without limiting the generality of other requirements of these Specifications, all work 
specified herein shall conform to or exceed the applicable requirements of the referenced 
standards; provided, that wherever the provisions of said publications are in conflict with 
the requirements specified herein, the more stringent requirements shall apply. 

A. NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) - Latest Edition 

NFPA 70  National Electrical Code 

B. INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC. 
(IEEE) - Latest Edition 

IEEE C2  National Electrical Safety Code 

C. OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION (OSHA) - 
Latest Edition 

1. Title 29, Part 1910 Occupational Safety and Health Standards

2. Title 29, Part 1926 Safety and Health Regulations for Construction

1.3 SUBMITTALS (not used) 

PART 2 - TERMS AND CONDITIONS (not used) 

PART 3 - PRODUCTS 

3.1 MATERIAL 

A. Cable  

1. Multi-conductor cable for use in trench, cable tray or underground conduit
shall be tray cable with a PVC jacket.  Shielding shall be as shown on the
drawings.
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2. Single conductor wiring for use in control building contained in conduit
shall be THHN.

3. Single conductor wiring for use on structure mounted, above ground
equipment shall be SIS or THHN.

4. Conductors shall be stranded copper.

5. Insulation type shall be as shown on the drawings and shall be rated
600 Volts.

6. Conductors shall be sized as shown on the drawings.

7. The schedule of color coding for control and DC circuits shall be
compatible with the ICEA Method E-2 colors (previously known as K-2).

8. The schedule of color coding for AC power circuits shall be compatible
with the ICEA Method E-1 colors (previously known as K-1).

B. Cable Terminals 

All conductors shall be terminated with ring type, insulated barrel, solderless 
pressure connectors. 

C. Cable Labels 

Each cable shall be labeled with a non-conductive marker permanently attached 
to the cable similar to the “FASTTAG” System by Tech Products.  The use of 
permanent marker on light colored electrical tape is not acceptable. 

PART 4 - EXECUTION 

4.1 CONDUIT CLEANING AND PREPARATION 

A. All conduit shall be cleaned prior to installation of wire and cable. 

B. No wire or cable shall be installed in conduit unless it is free of all foreign 
material. 

C. Wire and cable shall be installed in such a manner so as not to cause any cuts, 
abrasions or other mechanical damage to conductor, insulation or cable jacket. 

D. An approved lubricating material approved by the cable manufacturer shall be 
used when necessary to prevent mechanical damage to the cable due to pulling 
tension or side wall pressure. 
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E. Any wire or cable that is damaged during installation shall be removed and 
replaced at the Contractor's expense. 

4.2 WIRING  

A. All wiring shall be installed as shown on the drawings and cable schedule.  

B. All cables in conduits shall be pulled at the same time. 

C. Sufficient length shall be left at all ends of wires and cables to make connections 
conveniently to equipment and devices. 

D. Spare conductors at the end of a multi-conductor cable shall be coiled neatly and 
retained in a length equal to that of the longest single conductor at each end of the 
multi-conductor cable. 

E. All exposed cable or wire runs within a cabinet shall be gathered and tied together 
approximately every three inches on center. 

F. No splices shall be made in any cable or wire. 

G. All AC power circuits shall be accompanied by a bare copper equipment 
grounding conductor sized as shown in the drawings. 

H. Identification of cables and conductors shall be as follows: 

1. Multi-conductor cable shall be labeled as shown on the drawings.

2. Individual conductors in multi-conductor cables shall not be labeled and
shall be terminated according to color.

3. Single conductors shall have labels or colors as shown on the drawings.

4.3 TESTING WIRE FOR CONTINUITY 

The control wiring shall be checked for continuity before terminating to terminal blocks 
and devices. 
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FIBER CABLE 

PART 1 - GENERAL DESCRIPTION 

1.1 SUMMARY 

This specification covers the supplying of labor, material and equipment necessary to 
construct the fiber optic system for the project. 

1.2 REFERENCE STANDARDS, CODES AND SPECIFICATIONS 

Without limiting the generality of other requirements of these Specifications, all work 
specified herein shall conform to or exceed the applicable requirements of the referenced 
standards; provided, that wherever the provisions of said publications are in conflict with 
the requirements specified herein, the more stringent requirements shall apply. 

A. ANSI/TIA/EIA-568-B.3 - Latest Edition  
Optical Fiber Cabling Components Standard 

B. ANSI/TIA/EIA-492AAAA-A - Latest Edition  
62.5/125 Graded Index Multi Mode Optical Fibers  

C. ANSI/TIA/EIA-598-A - Latest Edition  
Fiber Optic Color Coding 

D. ANSI/IECA S-87-640 - Latest Edition  
Fiber Optic Outside Plant Communications Cable 

E. NEC - Latest Edition  
Section 770 Fiber Optic Cables and Raceways 

1.3 SUBMITTALS  

A. Manufactures product information (cut sheets) 

B. Test Reports, as listed in testing section. 

PART 2 - TERMS AND CONDITIONS (not used) 
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PART 3 - PRODUCTS 

3.1 MATERIAL 

A. Multi Mode Fiber Cable  

1. Cable shall feature 62.5/125 Multi Mode Fiber. It shall be designed for
underground duct or direct burial. Core tube shall contain fiber counts as
shown on drawings.

2. Direct buried fiber shall be armored and polyurethane jacketed. Armored
cable shall be grounded at one end.

3. Direct Burial of non-armored loose-tube cable in flexible HDPE ducting
rated for direct burial is acceptable. Cable may be preinstalled or a
preinstalled pull string, footage or meter marked, in internally ribbed and
smooth outer diameter HDPE duct is required

4. In conduit and trench fiber shall be protected in innerduct and separated
from power and control cables. Split innerduct is acceptable.

5. Maximum attenuation less than: 3 db/km @ 850 nm & 1 db/km @ 1300
nm.

6. Minimum bending radius loaded installation 11 inches, long term 5.5
inches.

7. Minimum bandwidth: 500 MHz/ km @1300nm and 160 MHz/ km
@850nm.

8. The schedule of fiber color coding shall follow TIA/EIA-598-A.

9. Cable shall be Graded Index.

10. Cable shall be Loose Tube.

11. Cable shall be treated to prevent the migration of water: gel-filled or water
blocking tape.

12. Temperature range -40 to 75 degrees Celsius.
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B. Single Mode Fiber Cable  

1. Cable shall feature 9/125 Single Mode Fiber. It shall be designed for
underground duct or direct burial. Core tube shall contain fiber counts as
shown on drawings.

2. Direct buried fiber shall be armored and polyurethane jacketed. Armored
cable shall be grounded at one end.

3. Direct Burial of non-armored loose-tube in flexible HDPE ducting rated
for direct burial is acceptable. Cable may be preinstalled or a preinstalled
pull string, footage or meter marked, in internally ribbed and smooth outer
diameter HDPE duct is required.

4. In conduit and trench fiber shall be protected in innerduct and separated
from power and control cables. Split innerduct is acceptable.

5. Maximum attenuation: less than 0.4 db/km @ 1310 nm & 0.3 db/km @
1500 nm.

6. Minimum bending radius loaded installation 11 inches, long term 5.5
inches.

7. The schedule of fiber color coding shall follow TIA/EIA-598-A.

8. Cable shall be Loose Tube.

9. Cable shall be treated to prevent the migration of water: gel-filled or water
blocking tape.

10. Temperature range -40 to 75 degrees Celsius.

C. Cable Termination/Splicing 

1. All fibers shall be terminated with pre-connector pigtails using fusion
splice method.

2. Shrink wrap tubes shall be utilized over splices. All splices will be
protected in a splice tray.

3. Connectors shall be SC or ST as shown on drawings.

4. All fibers will terminate in the patch panel unless otherwise specified in
the drawings.
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PART 4 - EXECUTION 

4.1 CONDUIT CLEANING AND PREPARATION 

A. Conduit shall be cleaned prior to installation of cable. 

B. No cable shall be installed in conduit unless it is free of all foreign material. 

C. Cable shall be installed in such a manner so as not to cause any cuts, abrasions or 
other mechanical damage to fiber or cable jacket. 

D. An approved lubricating material approved by the cable manufacturer and 
specially formulated for fiber optic installation will be utilized for all runs over 50 
feet, to prevent mechanical damage to the cable due to pulling tension or side wall 
pressure. Waxed based lubricants shall not be allowed. 

E. Any cable that is damaged during installation shall be removed and replaced at 
the Contractor's expense. 

4.2 Installation 

A. All cables shall be installed as shown on the drawings and cable schedule.  

B. All cables in conduits shall be pulled at the same time. 

C. Sufficient length shall be left at all ends of cables to make connections 
conveniently to equipment with a minimum of a 20 foot cable loop. 

D. Spare fibers at the end of a multi-fiber cable shall be coiled neatly and retained in 
a length sufficient for future use. 

E. All exposed cable or wire runs within a cabinet shall be gathered and tied together 
approximately every three inches on center. Care shall be taken not to crush or 
otherwise damage the cable. 

F. No splices shall be made in any cable without engineer’s approval. 

G. Each cable shall be labeled as indicated on drawings. Each Fiber shall be 
numbered in the patch panel. 

H. Duct pathways shall not exceed 50% fill. 

I. Maximum tension shall not to exceed manufacturer’s recommendation. 
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4.3 TESTING 

A. The fiber cable shall be tested on the spool, prior to instillation. Testing shall be 
done with OTDR (Optical Time Domain Reflectometer) end to end, in both 
directions, for each strand. Multi mode shall be tested at 850 nm &1300 nm. 
Single mode shall be tested at 1310 nm &1550 nm. 

B. Certified report of all OTDR test shall be provided. 

C. After installation all connectorized strands shall be tested using a stabilized light 
source and a fiber optic power meter. Attenuation values for each connection (end 
to end) shall be provided. 

D. Test shall not exceed the manufacturer’s typical db/km attenuation values plus the 
following: 
1. Fusion splices shall not exceed 0.2 db.
2. SC connectors shall not exceed 0.5 db.
3. ST connectors shall not exceed 0.6 db.

E. If testing indicates loss values that exceed values listed above then OTDR testing 
is required, as previously detailed. Cable not meeting the specification shall be 
adjusted or replaced as necessary, to comply with this specification, and retested. 
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ELECTRIC POWER SYSTEM TESTING 

PART 1 - GENERAL DESCRIPTION 

1.1 SUMMARY 

This specification covers the supplying of all labor and equipment necessary to perform 
testing of the power equipment for the project. 

1.2 REFERENCE STANDARDS, CODES AND SPECIFICATIONS 

Without limiting the generality of other requirements of these Specifications, all work 
specified herein shall conform to or exceed the applicable requirements of the referenced 
standards; provided, that wherever the provisions of said publications are in conflict with 
the requirements specified herein, the more stringent requirements shall apply. 

A. AMERICAN SOCIETY FOR TESTING AND MATERIAL (ASTM) - Latest 
Edition 

1. ASTM D877 Standard Test Method for Dielectric Breakdown 
Voltage of Insulating Liquids Using Disk 
Electrodes 

2. ASTM D923 Standard Practices for Sampling Electrical 
Insulating Liquids 

3. ASTM D971 Standard Test Method for Interfacial Tension of Oil 
Against Water by the Ring Method 

4. ASTM D974 Standard Test Method for Acid and Base Number 
by Color-Indicator Titration 

5. ASTM D1298 Standard Test Method for Density, Relative Density 
(Specific Gravity), or API Gravity of Crude 
Petroleum and Liquid Petroleum Products by 
Hydrometer Method 

6. ASTM D1500 Standard Test Method for ASTM Color of 
Petroleum Products (ASTM Color Scale) 

7. ASTM D1524 Standard Test Method for Visual Examination of 
Used Electrical Insulating Oils of Petroleum Origin 
in the Field 

8. ASTM D1533 Standard Test Method for Water in Insulating 
Liquids by Coulometric Karl Fischer Titration 
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9. ASTM D3284 Standard Practice for Combustible Gases in the Gas 
Space of Electrical Apparatus Using Portable 
Meters 

10. ASTM D3612 Test Standard Test Method for Analysis of Gases 
Dissolved in Electrical Insulating Oil by Gas 
Chromatography 

B. NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) - Latest Edition 

1. NFPA 70 National Electrical Code 

C. INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC. 
(IEEE) - Latest Edition 

1. IEEE C2 National Electrical Safety Code 

D. INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA) - Latest 
Edition 

1. NETA ATS Acceptance Testing Specifications for Electric 
Power Distribution Equipment and Systems 

2. NETA MTS Maintenance Testing Specifications for Electrical 
Power Distribution Equipment and Systems 

E. OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION (OSHA) - 
Latest Edition 

1. Title 29, Part 1910 Occupational Safety and Health Standards

2. Title 29, Part 1926 Safety and Health Regulations for Construction

1.3 SUBMITTALS  

A. Qualifications shall be submitted as specified in Qualifications section. 

B. Test results shall be submitted as specified in Reporting of Results section. 

PART 2 - TERMS AND CONDITIONS (not used) 

PART 3 - PRODUCTS (not used) 

PART 4 - EXECUTION 
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4.1 QUALIFICATIONS OF TESTING FIRM 

A. The testing firm shall be a totally independent corporation from the Contractor or 
the manufacturer of the equipment to be tested. 

B. The testing firm shall have at least three years experience testing similar types of 
equipment and systems as found in the project.  The firm shall also provide 
references for three systems similar to the project which the firm has completed 
testing within the last three years. 

C. All testing personnel shall be full-time employees of the testing firm.  The on-site 
supervisor shall have been involved in testing of at least three systems similar to 
the project in the past five years. 

D. Resumes of all personnel anticipated to work on the project shall be submitted to 
the Owner for review. 

4.2 DIVISION OF RESPONSIBILITY 

A. The testing firm shall provide all material, equipment, labor and technical 
supervision to perform such tests and inspections as specified herein. 

B. The testing firm is responsible for programming all protective and alarming 
devices with the proper settings provided by the Engineer.  Settings shall not be 
changed or applied to any device without written authorization from the Owner. 

C. The testing firm shall notify the Owner immediately upon the discovery of any 
defective equipment or incorrect system design or installation. 

D. The testing firm shall notify the Owner 24 hours before commencement of the 
testing. 

E. The testing firm shall provide an experienced person on-site during energizing, 
with appropriate test equipment to provide assistance in the event of a 
malfunction during the system start-up process. 

F. The testing firm shall supply a suitable source of electrical power at the project 
location for testing purposes. 

4.3 TEST EQUIPMENT 

A. All test equipment shall be designed specifically for electrical power system 
testing and for the specific purpose for which it is being used. 

B. Dated calibration labels shall be visible on all test equipment with calibration 
occurring within 6 months for analog devices and 12 months for digital devices.  
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Calibration accuracy shall be directly traceable to the National Institute of 
Standards and Technology (NIST). 

C. All meters shall be true RMS reading devices. 

D. All test equipment shall be in a state of good repair and working order. 

4.4 ELECTRICAL INSPECTION  

A. Equipment nameplate information shall be verified with the drawings. 

B. Size of all buses, cables, wiring shall be verified. 

PART 5 - TESTS 

5.1 POWER TRANSFORMER 

A. Visual and Mechanical Inspection 

1. Inspect physical and mechanical condition.

2. Verify correct liquid level in all tanks.

3. Verify that positive pressure is maintained on nitrogen-blanketed
transformers.

4. Verify equipment and system grounding.

5. Verify that cooling fans operate correctly.

6. Verify operation of all alarm, control, and trip circuits from temperature
and level indicators, pressure relief device, and fault pressure relay.

7. Verify tightness of accessible bolted electrical connections by calibrated
torque-wrench method in accordance with manufacturer's published data
or NETA ATS 2003 Table 100.12.

8. Verify correct LTC and NLTC operation if present.

B. Electrical Tests 

1. Perform insulation-resistance tests, winding-to-winding and each
winding-to-ground with test voltage in accordance with NETA ATS 2003
Table 100.5.  Resistance values to be temperature corrected in accordance
with NETA ATS 2003 Table 100.5.  Calculate polarization index.
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2. Perform a turns-ratio test at each LTC tap position with the NLTC set at
the nominal tap, and at each NLTC tap position with the LTC set at the
nominal tap.  Verify that winding polarities are in accordance with
nameplate.  Turns-ratio test results shall not deviate more than one-half
percent from either the adjacent coils or the calculated ratio.

3. Perform insulation power-factor/dissipation-factor tests on all windings
and correct for 20° C in accordance with test equipment manufacturer’s
instructions.

4. Perform insulation power-factor/dissipation-factor tests (or hot collar
watts-loss tests) on bushings and correct to 20° C in accordance with test
equipment manufacturer’s instructions.

5. Measure the resistance of each high-voltage winding in each no-load tap-
changer position.  Measure the resistance of each low-voltage winding in
each load tap-changer position.

6. Perform excitation current tests on each high-voltage winding in each no-
load tap-changer position with the LTC set at the nominal tap.  Perform
excitation current tests on each low-voltage winding on load tap-changer
positions 1L through 16R with the NLTC set at the nominal tap.

7. Verify proper core grounding if accessible.

8. From the main tank and the LTC (if present), remove a sample of
insulating liquid in accordance with ASTM D-923.  Sample shall be tested
for the following:

a. Dielectric breakdown voltage: ASTM D-877 and/or ASTM
D-1816.

b. Acid neutralization number: ASTM D-974.

c. Specific gravity:  ASTM D-1298.

d. Interfacial tension:  ASTM D-971 or ASTM D-2285.

e. Color:  ASTM D-1500.

f. Visual Condition:  ASTM D-1524.

g. Perform dissolved gas analysis (DGA) in accordance with
ANSI/IEEE C57.104 (IEEE Guide for the Interpretation of Gases
Generated in Oil-Immersed Transformers) or ASTM D-3612.
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h. Parts per million water:  ASTM D-1533.  Required on 25 kV or
higher voltages.

i. Measure total combustible gas (TCG) content in accordance with
ANSI/IEEE C57.104 (IEEE Guide for the Interpretation of Gases
Generated in Oil-Immersed Transformers) or ASTM D-3284.

5.2 NEUTRAL GROUNDING RESISTOR 

A. Visual and Mechanical Inspection 

1. Inspect physical condition.

2. Verify equipment and system grounding.

3. Verify tightness of accessible bolted electrical connections by calibrated
torque-wrench method in accordance with manufacturer's published data
or NETA ATS 2003 Table 100.12.

B. Electrical Tests 

1. Perform insulation-resistance test from terminals to case for one minute.
Test voltage and minimum resistance shall be in accordance with NETA
ATS 2003 Table 100.1.

2. Verify ohmic value of resistor.

5.3 VOLTAGE REGULATOR 

A. Visual and Mechanical Inspection 

1. Inspect physical and mechanical condition.

2. Verify removal of any shipping bracing and vent plugs after final
placement.

3. Verify motor and drive train for correct operation and automatic motor
cut-off at maximum lower and maximum raise.

4. Verify appropriate liquid level in all tanks and bushings.

5. Perform specific inspections and mechanical tests as recommended by the
manufacturer.

6. Test air-tight integrity of seals by removing pressure relief valve and
connecting to nitrogen source with pressure gauge.  Apply 5 psi of
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nitrogen to tank and verify that pressure is maintained for 15 minutes.  Re-
seat pressure relief valve to provide air-tight seal. 

7. Verify equipment grounding.

8. Verify tightness of accessible bolted electrical connections by calibrated
torque-wrench method in accordance with manufacturer's published data
or NETA ATS 2003 Table 100.12.

B. Electrical Tests 

1. Perform insulation-resistance tests on each winding-to-ground in the
neutral position with the test voltage in accordance with NETA ATS 2003
Table 100.5.  Resistance values to be temperature corrected in accordance
with NETA ATS 2003 Table 100.14.  Calculate polarization index.

2. Measure winding-resistance of source windings in the neutral position.
Measure resistance of all taps on load windings.

3. Perform special tests and adjustments as recommended by manufacturer.

4. Perform turns ratio test on each voltage step position.  Verify that the
indicator correctly identifies all tap positions.

5. Verify accurate operation of voltage range limiter.

6. Verify functioning and accuracy of bandwidth, time delay, voltage and
line-drop compensation adjustments.

7. Remove a sample of insulating liquid in the main tank or common tank in
accordance with ASTM D-923.  Sample shall be tested for the following:

a. Dielectric breakdown voltage: ASTM D-877 and/or ASTM D-816.

b. Acid neutralization number:  ASTM D-974.

c. Specific gravity:  ASTM D-1298.

d. Interfacial tension:  ASTM D-971 or ASTM D-2285.

e. Color:  ASTM D-1500.

f. Visual condition:  ASTM D-1524.

5.4 MEDIUM VOLTAGE VACUUM CIRCUIT BREAKER 
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A. Visual and Mechanical Inspection 

1. Compare equipment nameplate data with drawings and specifications.

2. Inspect physical and mechanical condition.

3. Inspect anchorage, alignment, and grounding.

4. Verify the unit is clean.

5. Perform all mechanical operational tests on both the circuit breaker and its
operating mechanism.

6. Measure critical distances such as contact gap as recommended by
manufacturer.

7. Inspect bolted electrical connections for high resistance using one of the
following methods:

a. Use of low-resistance ohmmeter.

b. Verify tightness of accessible bolted electrical connections by
calibrated torque-wrench method in accordance with
manufacturer’s published data or NETA ATS 2003 Table 100.12.

c. Perform thermographic survey.

8. Lubrication requirements

a. Verify appropriate lubrication on moving current-carrying parts.

b. Verify appropriate lubrication on moving and sliding surfaces.

9. Perform time-travel analysis. Compare with manufacturer's values.
(Optional)

10. Record as-found and as-left operation counter readings.

B. Electrical Tests 

1. Perform resistance measurements through bolted connections with a low-
resistance ohmmeter, if applicable.  Compare with similar connections.

2. Perform insulation-resistance tests on each pole, phase-to-phase and
phase-to-ground with circuit breaker closed and across each open pole for
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one minute. Test voltage shall be in accordance with manufacturer’s 
published data or NETA ATS 2003 Table 100.1. 

3. Perform a contact/pole-resistance test.  Compare with manufactures
recommended values.

4. Perform minimum pickup voltage tests on trip and close coils in
accordance with NETA ATS 2003 Table 100.20.

5. Verify trip, close, trip-free, and antipump functions.

6. Trip circuit breaker by operation of each protective device.

7. Perform vacuum bottle integrity (overpotential) test across each vacuum
bottle with the breaker in the open position in strict accordance with
manufacturer’s published data. Do not exceed maximum voltage
stipulated for this test. Provide adequate barriers and protection against
x-radiation during this test. Do not perform this test unless the contact
displacement of each interrupter is within manufacturer’s tolerance. (Be
aware that some dc high-potential test sets are half-wave rectified and may
produce peak voltages in excess of the breaker manufacturer’s
recommended maximum.)

8. Perform insulation-resistance tests on all control wiring with respect to
ground. Applied potential shall be 500 volts dc for 300 volt rated cable
and 1000 volts dc for 600 volt rated cable. Test duration shall be one
minute. For units with solid-state components, follow manufacturer’s
recommendation.  Results shall be 2.0 megaohms minimum.

9. Perform power-factor or dissipation-factor tests on each pole with the
breaker open and each phase with the breaker closed.  Compare with
manufacturer's values. (Optional)

10. Perform power-factor or dissipation-factor tests on each bushing. Use hot
collar procedures if bushings are not equipped with a power-factor tap.
Compare with manufacturer's values. (Optional)

11. Perform an overpotential test in accordance with manufacturer’s published
data.

5.5 HIGH VOLTAGE SF6 CIRCUIT BREAKER 

A. Visual and Mechanical Inspection 

1. Complete installation shall be inspected for physical damage.
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2. Equipment nameplate information shall be compared with the drawings
and specifications.

3. Equipment shall be inspected for anchorage, alignment and grounding.

4. Check SF6 gas pressure of all three phases, and test for gas leaks in
accordance with manufacturers instructions.

5. Verify correct operation of all SF6 gas pressure alarms and cutouts.

6. Remove a sample of SF6 gas and test in accordance with NETA ATS 2003
Table 100.13.

7. Perform a circuit breaker time-travel analysis.

8. Slow close/open the circuit breaker and check for binding.

9. Verify tightness of accessible bolted connections and/or cable connections
by calibrated torque-wrench method in accordance with manufacturer's
published data or NETA ATS 2003 Table 100.12.

10. Record as-found and as-left operation counter readings.

B. Electrical Tests 

11. Measure contact resistance on all poles.

12. Perform insulation-resistance test pole-to-pole, pole-to-ground, and across
open poles.  Determine from the manufacturer’s instructions the allowable
procedures for this test.

13. Test current transformers for ratio and polarity in accordance with
manufacturer’s instructions.

14. Determine dropout voltage and time delay of breaker dc-circuit
undervoltage relay.

15. Perform minimum pick-up voltage test on trip and close coils.

16. Verify trip, close, trip-free, and antipump functions.

5.6 RECLOSER 

A. Visual and Mechanical Inspection 

1. Complete installation shall be inspected for physical damage.
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2. Equipment shall be inspected for anchorage, alignment and grounding.

3. Mechanical operation and contact alignment tests in accordance with the
manufacturer's instructions shall be performed.

4. Tightness of bolted electrical connections shall be checked by calibrated
torque-wrench method in accordance with manufacturer's published data
or NETA ATS 2003 Table 100.12.

5. Insulating fluid levels shall be inspected.

B. Electrical Tests 

6. Contact resistance shall be measured.

7. Insulating fluids shall be sampled in accordance with ASTM D-923 and
with the following tests performed:

a. Dielectric breakdown voltage:  ASTM D-877

b. Color:  ASTM D-1500

c. Visual condition: ASTM D-1524

8. Perform insulation-resistance test on each circuit-to-frame.  Determine
from the manufacturer’s instructions the allowable procedures for this test.

9. Perform dc high-potential test on the recloser and vacuum interrupter per
manufacturer’s instructions.

10. Test current transformers for ratio and polarity in accordance with
manufacturer’s instructions.

11. Controller shall be tested according to the manufacturer’s instructions.
The following shall be verified:

a. Trip and close operations shall be tested.

b. Number of operations to lockout shall be tested.

c. Minimum trip current value shall be tested for phase and ground
overcurrent.

d. Adherence to time-current curves shall be tested.
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5.7 CIRCUIT SWITCHER 

A. Visual and Mechanical Inspection 

1. Physical and mechanical condition shall be inspected.

2. Proper anchorage shall be checked.

3. Verify correct operation of interrupters.

4. Verify correct SF6 pressure if applicable.

5. Test all interlocking systems for correct operation.

6. All components shall be inspected according to manufacturer’s
instructions.

7. Record as-found and as-left operation counter readings.

B. Electrical Tests 

1. Perform insulation-resistance test of the circuit switcher at 1000 volts dc
in the following manner:

a. Open: Each pole to ground, pole 1 to 2, pole 3 to 4 and pole 5 to 6.

b. Closed: Pole 1 to ground, pole 3 to ground, and pole 5 to ground.

2. Perform a minimum to trip test at 70% or less of the nominal DC control
voltage.

3. Perform a contact resistance test.

4. Perform a timing test showing the time from trip initiation to circuit
switcher opening.

5.8 AIR BREAK SWITCH 

A. Visual and Mechanical Inspection 

1. Physical and mechanical condition shall be inspected.

2. Proper anchorage shall be checked.

3. Mechanical operator operations shall be performed according to
manufacturer’s instructions.
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4. Verify correct blade alignment, blade penetration, travel stops and arc
interrupter operation.

5. Proper grounding of operator and switch operator platform shall be in
accordance with industry standards and project specifications.

6. Verify tightness of accessible bolted electrical connections by calibrated
torque-wrench method in accordance with manufacturer's published data
or NETA ATS 2003 Table 100.12.

B. Electrical Tests 

1. Perform insulation-resistance tests on each pole, phase-to-phase and
phase-to-ground with switch closed and across each open pole for one
minute.  Test voltage should be in accordance with manufacturer's
published data or NETA ATS 2003 Table 100.1.

2. Perform contact-resistance test across each switchblade and fuse holder.
Contact resistance shall be determined in microhms.  Investigate any value
exceeding 500 microhms or any values which deviate from adjacent poles
or similar switches by more than 25 percent.

5.9 OUTDOOR BUS 

A. Visual and Mechanical Inspection 

1. Bus arrangement shall be checked for compliance with the drawings.

2. Bus and supports shall be examined for defects such as cracked welds,
chipped porcelain, etc.

3. Tightness shall be checked on accessible bolted bus joints using a
calibrated torque wrench in accordance with NETA ATS 2003 Table
100.12. 

B. Electrical Tests 

1. Perform 1000 volt megger test on each bus, phase-to-ground with other
phases grounded.

2. Measure resistance of bus section joints with low-resistance ohmmeter.

5.10 SURGE ARRESTERS 

A. Visual and Mechanical Inspection 
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1. Physical and mechanical conditions shall be inspected.

2. Proper anchorage shall be checked.

3. Verify that the ground lead on each device is individually attached to a
ground bus or ground electrode.

4. Verify tightness of accessible bolted electrical connections by calibrated
torque-wrench method in accordance with manufacturer's published data
or NETA ATS 2003 Table 100.12.

B. Electrical Tests 

1. An insulation resistance test shall be performed at voltage levels in NETA
ATS 2003 Table 100.1.

2. Verify low resistance of grounding connection.

5.11 INSTRUMENT TRANSFORMERS 

A. Visual and Mechanical Inspection 

1. Inspect physical and mechanical condition.

2. Verify correct connection of transformers with system requirements.

3. Verify that adequate clearances exist between primary and secondary
circuit wiring.

4. Verify tightness of accessible bolted electrical connections by calibrated
torque-wrench method in accordance with manufacturer's published data
or NETA ATS 2003 Table 100.12.

5. Verify that all required grounding and shorting connections provide
contact.

6. Verify correct primary and secondary fuse sizes for potential transformers.

B. Electrical Tests – Current Transformers 

1. Perform insulation-resistance test of the current transformer and wiring-to-
ground at 1000 volts dc.  Do not perform this test on solid-state devices.

2. Perform a polarity test of each current transformer.
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3. Perform a ratio-verification test using the voltage or current method in
accordance with ANSI C57.13.1 (IEEE Guide for Field Testing of
Relaying Current Transformers).

4. Perform an excitation test on transformers used for relaying applications
in accordance with ANSI C57.13.1.  (IEEE Guide for Field Testing of
Relaying Current Transformers).

5. Current transformer circuits must be checked for proper connections.
Continuity must be checked by applying 5 amp secondary current at the
current transformer block and reading current in each phase of the
protective relay.  The current transformer circuits must be checked for
loose wiring and parallel current paths.  Verify that only one ground exists
on the total current transformer circuit.

6. Measure current circuit burdens at transformer terminals and determine
the total burden.

7. When applicable, perform insulation-resistance and dielectric withstand
tests on the primary winding with secondary grounded.  Test voltages
shall be in accordance with NETS ATS 2003 Tables 100.1 and 100.9
respectively.

C. Electrical Tests – Voltage Transformers 

1. Perform insulation-resistance tests winding-to-winding and each winding-
to-ground.  Test voltages shall be applied for one minute in accordance
with NETA ATS 2003 Table 100.1.  Do not perform this test with solid-
state devices connected.

2. Perform a polarity test on each transformer to verify the polarity marks or
H1-X1 relationship as applicable.

3. Perform a turns ratio test.

4. Measure potential circuit burdens at transformer terminals and determine
the total burden.

5. Perform a dielectric withstand test on the primary windings with the
secondary windings connected to ground.  The dielectric voltage shall be
in accordance with NETA ATS 2003 Table 100.9.  The test voltage shall
be applied for one minute.

5.10 PROTECTIVE RELAYS 

A. Visual and Mechanical Inspection 
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1. Compare equipment nameplate data with drawings and specifications.

2. Inspect relays and cases for physical damage.

3. Tighten case connections.  Inspect any relay and meter covers for correct
gasket seal.  Clean cover glass.  Inspect shorting hardware, connection
paddles, and/or knife switches.  Remove any foreign material from the
case.  Verify target reset.

4. Verify tightness of all wiring connections.

5. Set relays in accordance with coordination study and/or data files supplied
by the engineer.  Microprocessor-based relays will require a lap-top
computer for uploading data files.

6. All relays shall be tested in their case using relay test switches or test
paddle ports.

B. Electrical and Functional Tests 

The Micro-processor based DOBLE test set including the PC and DOBLE 
supporting software shall be used as part of the relay testing.  The DOBLE test 
equipment shall have independent three phase voltages and currents that are 
controlled by the PC and associated software, for the inputs to the testing relays. 

The DOBLE PROTEST Software System shall be used for the relay testing.  A 
typical DOBLE hierarchy shall be used to record the test data/reports.  The test 
and commissioning shall be submitted to the Engineer upon completion. 

1. The testing firm shall use the electrical and functional tests recommended
by the relay manufacturer for each specific relay used.

2. The relay test points will be documented or specified in the Relay Setting
document provided by the Owner.

3. In general, the following tests shall be performed for each relay functions
applied in the relay setting document

4. Inspect targets and indicators.  Verify operation of all light-emitting diode
indicators.

5. Functional Operation - Test as per owner requirements or manufacturer
recommendations.

a. Special Case - 63/63LTC   Transformer/LTC Sudden Pressure
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Relay Determine rate-of-rise or the pickup level of suddenly 
applied pressure in accordance with manufacturer’s specifications. 
Verify operation of the sudden pressure seal-in circuit (if 
applicable). Verify trip circuit to remote breaker or lockout relay. 

6. Verify that each of the relay contacts performs its intended function in the
control scheme including breaker trip tests, close inhibit tests, 86 lockout
tests, and alarm functions.  Trip checks of all relays must be performed
with secondary current injection and shall be witnessed by Engineer or
Owner.

7. After the equipment is initially energized, verify balanced voltage and
phase rotation.  Verify voltage and current input to all relays and
transducers.

C. Test Values 

1. When not otherwise specified, use manufacturer's recommended
tolerances.

2. When critical test points are specified, the relay function should be
calibrated to those points even though other test points may be out of
tolerance.

5.12 METERING DEVICES 

A. Visual and Mechanical Inspection 

1. Compare equipment nameplate data with drawings and specifications.

2. Inspect physical and mechanical condition.

3. Verify tightness of electrical connections.

4. Inspect cover gasket, cover glass, condition of spiral spring, disk
clearance, contacts, and case-shorting contacts, as applicable.

5. Verify the unit is clean.

6. Verify freedom of movement, end play, and alignment of rotating disk(s).

B. Electrical Tests 

1. Verify accuracy of meters at all cardinal points.

2. Calibrate meters in accordance with manufacturer’s published data.
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3. Verify all instrument multipliers.

4. Verify that current transformer and voltage transformer secondary circuits
are intact.

5.13 BATTERY AND CHARGER 

A. Visual and Mechanical Inspection 

1. Compare equipment nameplate data with drawings and specifications.

2. Inspect physical and mechanical condition.

3. Verify tightness of accessible bolted electrical connections by calibrated
torque-wrench method in accordance with manufacturer's published data.

4. Measure electrolyte specific gravity and temperature and visually check
fill level if applicable.

5. Verify presence of flame arresters.

6. Verify adequacy of battery support racks, mounting, anchorage, and
clearances.

7. Verify ventilation of battery room or enclosure.

8. Verify existence of suitable eyewash equipment.

B. Electrical Tests 

1. Set charger float and equalizing voltage levels.

2. Verify all charger functions and alarms.

3. Measure each cell voltage and total battery voltage with charger energized
and in float mode of operation.

4. Measure intercell connection resistances.

5. Perform cell impedance test.

6. Perform a capacity load test in accordance with manufacturer's
specifications and the following ANSI/IEEE standards:
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a. ANSI/IEEE Std 450-1987. Recommended Practice for
Maintenance, Testing and Replacement of Large Lead Storage
Batteries for Generating Stations and Substations.

b. ANSI/IEEE Std 1106-1987. Recommended Practice for
Maintenance, Testing and Replacement of Nickel-Cadmium
Storage Batteries for Generating Stations and Substations

5.14 SWITCHGEAR 

A. Visual and Mechanical Inspection 

1. Inspect physical, electrical, and mechanical condition.

2. Verify appropriate anchorage, required area clearances, physical damage,
and correct alignment.

3. Inspect all doors, panels, and sections for paint, dents, scratches, fit, and
missing hardware.

4. Verify tightness on accessible bolted electrical connections by calibrated
torque-wrench method in accordance with manufacturer's published data
or NETA ATS 2003 Table 100.12.

5. Make key exchange with devices operated in off-normal positions.

6. Inspect insulators for evidence of physical damage or contaminated
surfaces.

7. Verify correct barrier and shutter installation and operation.

8. Exercise all active components.

9. Inspect all mechanical indicating devices for correct operation.

10. Test operation, alignment, and penetration of instrument transformer
withdrawal disconnects, current-carrying and grounding, in accordance
with Instrument Transformers Section.

11. Inspect control power transformers.

12. Inspect physical damage, cracked insulation, broken leads, tightness of
connections, defective wiring, and overall general condition.

13. Verify that primary and secondary fuse ratings or circuit breakers match
manufacturer’s drawings.
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14. Verify correct functioning of drawout disconnecting and grounding
contacts and interlocks.

B. Electrical Tests 

1. Perform tests on all instrument transformers in accordance with the
Instrument Transformers Section.

2. Perform ground-resistance tests in accordance with the Grounding
Systems Section.

3. Perform insulation-resistance tests on each bus section, phase-to-phase
and phase-to-ground.  Verify that breakers and instrument transformers
are in the racked-out position.

4. Perform a dc high-potential test on each bus section, each phase to ground
with phases not under test grounded, in accordance with manufacturer's
published data.  If manufacturer has no recommendation for this test, it
shall be in accordance with NETA ATS 2003 Table 100.2.  The test
voltage shall be applied for one minute.  Do not perform test until
acceptable insulation-resistance test values are obtained.

5. Perform phasing check on double-ended switchgear to insure correct bus
phasing from each source.

6. Perform the following tests on control power transformers.

a. Perform insulation-resistance tests.  Perform measurements from
winding-to-winding and each winding-to-ground.  Test voltages
shall be in accordance with NETA ATS 2003 Table 100.1 unless
otherwise specified by manufacturer.

b. Verify correct function of control transfer relays located in
switchgear with multiple power sources in following energized
source for control power transformers.

7. Verify operation of switchgear heaters.

5.15 MEDIUM VOLTAGE POWER CABLE (not used) 

5.16 GROUNDING SYSTEMS 

A. Visual and Mechanical Inspection 

Verify ground system is in compliance with drawings and specifications. 
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B. Electrical Tests 

1. Perform fall-of-potential test or alternative in accordance with IEEE
Standard 81-1991 on the main substation and remote grounding system.

2. Perform point-to-point tests to determine the resistance between the main
grounding system and all major electrical equipment frames, system
neutral, and/or derived neutral points.  (Reference: IEEE Standard 142.)

3. The resistance between the main substation ground grid and ground shall
be no greater than one (1) ohm.

5.17 LOW VOLTAGE  (600V AND UNDER) AND CONTROL CABLES 

A. Visual and Mechanical Inspection 

1. Compare cable data with drawings and specifications.

2. Inspect exposed sections of cables for physical damage and correct
connection in accordance with single-line diagram.

3. Inspect compression-applied connectors for correct cable match and
indentation.

4. Inspect for correct identification and arrangements.

5. Inspect jacket insulation and condition.

6. Verify that cable termination points match drawings.

B. Electrical Tests 

Cables shall be terminated prior to when the testing contractor arrives on site.  If the 
visual and mechanical inspection reveals any cable damage, or if any system 
functional tests fail because of suspected cable damage, then the following tests shall 
be performed: 

1. Perform insulation-resistance test on each conductor with respect to
ground and adjacent conductors. Applied potential shall be 500 volts dc
for 300 volt rated cable and 1000 volts dc for 600 volt rated cable. Test
duration shall be one minute.

2. Perform continuity tests to insure correct cable connection.

C. Test Values 
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1. Insulation-resistance values should not be less than 50 megohms.

5.18 AUTOMATIC TRANSFER SWITCH 

A. Visual and Mechanical Inspection 

1. Compare equipment nameplate data with drawings and specifications.

2. Inspect physical and mechanical condition.

3. Inspect anchorage, alignment, grounding, and required clearances.

4. Verify the unit is clean.

5. Verify lubrication requirements

6. Verify tightness of all control connections.

7. Perform manual transfer operation.

8. Verify positive mechanical interlocking between normal and alternate
sources.

B. Electrical Tests 

1. Perform insulation resistance tests on all control wiring with respect to
ground.  Applied potential shall be 500 volts dc for 300 volt rated cable
and 1000 volts dc for 600 volt rated cable.  Test duration shall be one
minute.  For units with solid-state components or for control devices that
can not tolerate the applied voltage, follow manufacturer’s
recommendation.

2. Perform a contact/pole-resistance test.

3. Verify settings and operation of control devices.

4. Calibrate and set all relays and timers.

5. Verify phase rotation, phasing, and synchronized operation as required by
the application.

6. Perform automatic transfer tests:

a. Simulate loss of normal power.
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b. Return to normal power.

c. Simulate loss of emergency power.

d. Simulate all forms of single-phase conditions.

7. Verify correct operation and timing of the following functions:

a. Normal source voltage-sensing relays.

b. Time delay upon transfer.

c. Alternate source voltage-sensing relays.

d. Automatic transfer operation.

e. Interlocks and limit switch function.

f. Time delay and retransfer upon normal power restoration.

C. Test Values 

1. Compare bolted connection resistances to values of similar connections.

2. Bolt-torque levels should be in accordance with NETA 2003 ATS Table
100.12 unless otherwise specified by manufacturer.

3. Microhm or millivolt drop values shall not exceed the high levels of the
normal range as indicated in the manufacturer’s published data. If
manufacturer’s data is not available, investigate any values which deviate
from adjacent poles or similar switches by more than 50 percent of the
lowest value.

4. Insulation-resistance values should be in accordance with NETA 2003
ATS Table 100.1.

5.19 SYSTEM FUNCTION TESTS 

It is the purpose of system function tests to prove the correct interaction of all sensing, 
processing, and action devices. 

Perform system function tests upon completion of the acceptance tests on specified 
equipment.  Provide yellow highlighted control, one-line and three-line drawings to 
verify the following system checks: 
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1. Develop test parameters and perform tests for the purpose of evaluating
performance of all integral components and their functioning as a
complete unit within design requirements and manufacturer’s published
data.

2. Verify the correct operation of all interlock safety devices for fail-safe
functions in addition to design function.

3. Verify the correct operation of all sensing devices, alarms, indicating
devices, lock-out relays, control switches etc.

4. Verify all voltage and current sensing circuits (PT and CT secondary
circuits) by applying full load values and measuring magnitude and phase
at each terminal point in the circuit.

5. Verify control wiring through system functional checks.

5.20 SPECIAL TESTS 

A. Visual and Mechanical Inspection 

B. Electrical Tests 




