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PURPOSE

This procedure describes the methods used to perform Visual and Operational (V&O) Inspections of
electrical substations used in the distribution of electricity.

V&O Inspections, are performed with the apparatus in service, and are used to:

Verify the security of fences, gates etc. that prevent entry of the public, and provide a legal
record of their inspection.

Detect any hazards to company employees or the public.
Verify that animal protection measures are present and in good condition.
Detect abnormal conditions before the apparatus is damaged or a customer outage occurs.

Collect data (counter readings, fault operations etc.) used to prioritize individual apparatus
inspections.

Collect data (regulator travels, load readings, relay targets etc.) used for system operation
purposes.

ACCOUNTABILITY

Substation and other Supervisors supervising inspection and maintenance activities

Substation and other Workers performing inspection and maintenance activities

REFERENCES

Liberty Utilities Employee Safety Handbook and Procedures

EP-14 Qil Filled Electrical Equipment Management

LU-EOP G022 Substation Security Entry, Notification, and Documentation

Manufacturer’s Installation, Operating, and Maintenance manuals for the specific equipment to be
inspected

Manufacturer’s operating manuals for the specific test equipment to be used.

DEFINITIONS

Inspect- An assessment of Liberty Ultilities facilities for the purpose of determining
the condition of the facility and any associated components.

System Operator- An authorized person, who directs, controls, monitors, and operates the
electric system and its associated apparatus.

Qualified Person- A person knowledgeable in the construction and operation of electric

power generation, transmission, substation, and/or distribution apparatus
involved along with the associated hazards in specific duties pertaining to
electric operations.

Qualified Worker- Workers shall be trained in and familiar with the safety related work
practices, safety procedures and other safety requirements that pertain to
their respective job assignments. Workers shall also be trained in and
familiar with any other safety practices, including applicable emergency
procedures (such as pole top/bucket rescue). Qualified workers shall be
trained and competent in:

e Skills and techniques necessary to distinguish exposed live parts.
¢ Determining nominal voltage of exposed live parts.
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¢ Knowledge of minimum approach distances.

Proper use of precautionary techniques, use of PPE including insulating and
shielding materials and properly rated insulated tools for working on or near
energized parts of electrical equipment

SPCC-

PROCEDURE CONTENTS

EPA’s Spill Prevention, Control and Countermeasure Program
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1.0 Test Equipment Required.

1.1. Digital Multi-meter, IEC 1010-1 Cat. IV

1.1.1. Spare battery

1.2. Recloser Battery test meter with load test feature.

1.2.1. For Form 3 Recloser battery tests.

2.0 Materials Required.
2.1. Clipboard

2.2. Binoculars
2.3. Flashlight

2.4. Magnet for resetting drag hands

3.0 Initial Substation Entry

3.1 Refer to LU-EOP G022 Substation Security Entry, Notification, and Documentation

Requirements
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4.0 Inspect Yard
4.1 Perform an inspection for:

411 Alarms

4.1.2 Cut or removed ground grid or ground grid connections.
4.1.3 Obvious damage.

4.1.4 Security of gates, Control House, fence and locks.
4.1.5 Unusual noises.

5.0 Notify the System Operator

5.1 Inform them you are in the Station for a V&O Inspection and that you will be testing alarms.

5.2 Ask System Operator if any equipment has been tagged out or relays blocked.

6.0 Reporting and Correcting Problems and Discrepancies

6.1 Severe Trouble shall be reported to the Control Center and the person in charge of the
substation immediately.

6.2.1 The employee shall secure the area and warn unauthorized people to stay clear of the
danger.

6.2.2 A severe trouble condition is a situation that is hazardous to the system operation and/or
Liberty Utilities employees or the public.

a.) See Trouble Reporting Appendix at the end of this document for additional information
on trouble reporting.

6.3 Document all paint and preservation problems.
6.3.1 Rust, corrosion, or fading to the point where primer, or bare metal shows.

6.4 Problems and discrepancies found should be repaired during the V&O Inspection whenever
possible.

6.5 Problems and discrepancies not corrected during the V&O Inspection shall be recorded as a
note in the comment section of the Substation V&O Inspections Form.
6.5.1 The Supervisor reviewing the inspection form shall generate follow-up work.

6.6 Record findings in the comment section of the Substation V&O Inspections Form.

7.0 Control House

7.1 Check control house door locks working, secure, and in good condition.
7.2 Station Log Book
7.2.1 Enter date, time and employee names that are performing the V&O Inspection.

7.2.2 Check the Station Log Book for abnormal conditions that can be corrected during the V&O
Inspection.
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a.) After the V&O Inspection, record all abnormal problems found in the Log Book, with red
pen, and whether they were corrected or not.

7.3 SPCC — SPCC locations only.
7.3.1 Verify SPCC Plan is available at the substation.
7.3.2 Verify SPCC notification list posted.

7.3.3 Check oil spill containment kits complete and in good condition.
7.4 Control Panels
7.4.1 Indicating Lights

a.) Check that the indicating lights on the control board are working.
b.) Check the available stock of spare bulbs; restock as necessary.

c.) Inspect rear of Control boards for any signs of overheating, burned wiring, moisture,
etc.

7.5 Noises - Listen for any unusual noises from relays, modules, RAPRs, timer circuits etc.
7.6 Relay targets and alarms.
7.6.1 Record targets and alarms on the V&O Report and in the station log book.

a) List the apparatus affected indicating circuit designation, phase and type of relay or
alarm.

7.6.2 Reset and report relay targets and alarms to the System Operator and your supervisor.
7.7 Reclosing Relays
7.7.1 Check that reclosing relays are in service.
a.) Record any reclosing relays that are off and tagged.
b.) Report any reclosing relays that are off and not tagged to the System Operator.
7.7.2 Verify mechanical reclosing relays are in the start or zero position.
7.8 Ground Trip Switches (cutouts)
7.8.1 Check that all ground trip relays are in service (ON).
a.) Record any ground trip switches that are off and tagged.
b.) Report any ground trip switches that are off and not tagged to the System Operator.
7.9 Bus Transfer Schemes
7.9.1 Check both buses alive (load ammeters, bus voltmeters bus alive lights).
7.9.2 Check timers reset
7.9.3 Check that the sequence timers in normal position
7.9.4 Check transfer scheme auto
a.) Record any auto transfer switches that are manual or off and tagged.

b.) Report any auto transfer switches that are manual or off and not tagged to the System
Operator.

7.9.5 Check tie breakers properly setup (setup varies by station scheme).
7.10 High Side Transfer Schemes
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7.10.1 Check both lines alive (load ammeters, line alive lights).
7.10.2 Check timers reset
7.10.3 Check that the sequence timers in normal position
7.10.4 Check transfer scheme auto
a) Record any auto transfer switches that are manual or off, and tagged.

b) Report any auto transfer switches that are manual or off, and not tagged to the System
Operator.

7.10.5 Check air break/circuit breaker/circuit switcher status (open or closed).

7.11 Annunciator and Alarm Test Switches
7.11.1 Annunciator panel

a.) Move toggle switches, which are not tagged, to the TEST position to check lights. This
will send an alarm to the Control Center.

b.) To clear trouble condition, turn the toggle switch to the reset position, then back to ON.
There may be multiple alarms, usually in transformer cabinets.

c.) Check with supervisor before testing any switches that are in the off position.
d.) Verify the System Operator received the alarms.
7.11.3 Repair of alarm conditions.
a.) Alarm conditions should be corrected during the V&O Inspection.
b.) If the alarm condition cannot be corrected during the V&O:
The alarm should be cleared by turning the annunciator switch to OFF.
The toggle should be tagged with the date, reason and inspectors name.

Both the System Operator and your supervisor should be notified that the alarm condition
exists and the alarm point is off. Verify the System Operator received the alarm.

7.12 Tags and Clearance and Control switching forms and Supplies
7.12.1 Check the stock of Clearance and Control Tags.
a.) Restock as necessary.
7.12.2 Check the stock of Ground Device ldentification Tickets (GDIT).
a.) Restock as necessary.
7.12.3 Check the stock of Filed Switching Order Pads
a.) Restock as necessary.
7.12.4 Check that pens (red and blue/black) and pencils are available with the logbook
a.) Restock as necessary.
7.13 Control House Heating and Lighting
7.13.1 Test control house lighting.
a.) Replace any defective bulbs, or ballasts or sockets.
7.13.2 Test emergency lighting.
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a.) Replace batteries if needed

7.13.3 Inspect heaters, fans and thermostats for proper operation. Make sure fans are not
broken or bound up and they are in good working order.

7.14 Station Service and Transfer Switch
7.14.1 Check transfer switch on preferred supply
7.14.2 Check transfer switch for damage or overheating.
7.14.3 Test and record preferred and alternate secondary voltages at transfer panel.
7.15 Check AC supply panels for:
7.15.1 Tripped circuit breakers.
7.15.2 Circuit breakers in the proper position.
7.16 Check DC Circuit Breaker of Fuse Panel
7.16.1 Check DC supply panels for:
a.) Tripped circuit breakers or blown fuses.
b.) Circuit breakers in the proper position.
7.17 Protective Grounds
7.17.1 Check that grounds in station are in sets of 3 and that they are hung up properly.
7.17.2 Check that the phase end and ground clamps are in good working order.
7.17.3 Lubricate as required.
7.17.4 Inspect for the cracked or cut insulation and broken conductor strands.

7.17.5 Replace or repair damaged protective grounds. Do not leave damaged grounds at the
station.

7.18 Switch Sticks

7.18.1 Inspect Switch Sticks and Grounding Sticks. Test Results are stored on Common Drive
and maintained yearly.

a.) Test locally using approved methods, test equipment and competent, trained
personnel.

7.18.2 Inspect Switch Sticks and Grounding Sticks for surface contamination, damage and
proper operation.

a.) Clean if necessary

7.18.3 Insure Switching and Grounding Sticks are stored properly.
7.19 Fire Equipment

7.19.1 Inspect fire extinguishers to be properly secured and in their marked locations.

7.19.2 Update inspection cards.

7.19.3 Record out of date fire extinguishers on the V&O and record for future replacement.

7.19.4 Discharged fire extinguishers shall be reported to the appropriate supervisor for

recharging.

7.19.5 Discharged or partially discharged fire extinguisher shall be removed from the substation.
7.20 Phone Lists
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7.20.1 Verify local and System Operator phone numbers are posted and correct.

7.20.2 Verify that the emergency telephone list is posted and clearly visible at each telephone
location.

7.21 Cleanliness and General Condition -

7.21.1 Clean control house floors and sanitary facilities, empty wastebaskets and dust as
necessary.

7.21.2 Inspect control house for water leaks.
7.21.3 Check for signs of animal entry into control house.
7.22 Turn on yard lights, so they can be checked during the Yard Inspection.

8.0 Yard Inspection

8.1 Unusual Noises

8.1.1 Be alert for arcing, gurgling and pinging noises which could indicate imminent and violent
equipment failure.

8.2 Walk the perimeter fence and inspect:
8.2.1 Fence height = 7’ (fabric + barbed wire)
8.2.2 Barbed wire - Strands to be intact and tight.
8.2.3 Fence fabric - Holes or breaks in the chain link.
8.2.4 Fence Ties - Loose or missing fence tie wires.
8.2.4 Fence Erosion - Signs of erosion or digging under the fence.
a.) Space below fence should be less than 2 inches.

8.2.6 Grounding - Ground conductor and connections secure and connected at every other
fence post. Posts on both sides of gates should be grounded.

8.2.7 Fence Posts — Sound, not rusted through at ground level and not been raised by frost.
8.3 Entrance Gates
8.3.1 Test gates for proper operation.
a.) Gates should swing easily out of the way.
8.3.2 When closed, the gates should by chained tightly, or locked, with minimal space.
a.) Gap between gate, leafs & fence < 4”.
b.) Gap between gate, leafs < 4”.
c.) Gap between gate and ground < 4”.
8.3.3 Verify locking chains, hardware and locks present and in good condition.
8.4 Check Substation signs: (Refer to LU-ENG-SUBO003)
8.4.1 Safety sign on main entrance gate.
8.4.2 Sign w/ substation name/designation and emergency contact phone number on/near main
entrance gate.
8.4.3 Safety signs are on all perimeter sides of substation with 50’ max. separation between
signs.
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8.4.2 Signs are easily readable (not faded, damaged or inside of fence fabric).
8.5 Substation yard security problems shall be corrected or reported immediately to supervisor.

8.6 Vandalism related problems should be specifically recorded as such, and reported to
supervisor. Break-ins should be reported to local police.

8.7 Yard Lights

8.7.1 Check all yard lights working. (Yard lights should have been turned on during control
house inspection.)

8.7.2 Repair broken bulbs, glass fixtures, spot light heads, or other lighting that needs attention.

a.) If work cannot be completed safely and while maintaining safe work clearances or if
special equipment such as a bucket truck is needed, note on the V&O report.

8.8 Vegetation/Climbing Aids
8.8.1 Check for any growth of trees or vegetation in fence and gate areas that animals or people
could use to climb over the fence.
a.) Cut or record for the Arborist to have removed.
8.8.2 Record vegetation growth within the substation that requires spraying or removal
8.8.3 Check for stored material (either side of fence)
8.8.4 Check for new or added structures/buildings, neighbors, fences, walls, etc., any other
encroachments

8.9 Bus and structure.
8.9.1 Record missing or damaged animal protection devices.
8.9.2 Inspect insulators for:
a.) Broken, chipped or damaged skirts.
b.) Carbon tracking or flash over.
c.) Surface contamination (dirt, rust, salt spray etc.).
d.) Broken or damaged insulators should be recorded on V&O Report.
8.9.3 Broken porcelain should be picked up off the ground.
8.9.4 Visually inspect current and voltage transformers for damage or signs of overheating.
8.9.5 Visually inspect arresters for:
a.) Blown or damaged arresters
b.) Surface contamination
8.9.6 Visually inspect potheads and cable terminators for:
a.) Damage and leaking compound.
b.) Surface contamination
8.9.7 Report unusual noises immediately and record them on the V&O Report.

8.10 Structure and apparatus ground connections
8.10.1 Inspect for any cut, broken or missing ground connections to apparatus, structures and
guy wires.
8.10.2 Inspect static wires and record any problems.
8.10.3 Visually Inspect Station Service Transformers for:
a.) Evidence of oil leaks on transformer tank, and on the ground.
b.) Bushing damage or surface contamination.
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c.) Damaged or improperly closed primary fuses.
d.) Output Voltage if not previously measured at station service transfer switch.

8.11 Inspect equipment and structure foundations.
8.11.1 Large cracks.
8.11.2 Settling (not level).
8.11.3 Deterioration (large areas of surface erosion, stone showing).

8.12 Inspect Cableways

8.13 Damage, missing or broken cover sections and deterioration.

8.14 Inspect buildings junction boxes, structures etc. for overall paint condition
a.) Record items needing attention.

8.15 Clean up substation yard.
8.15.1 Remove broken porcelain, debris, and trash
8.15.2 If area requires major clean up or crushed stone requires leveling, note on V&O Report.
8.15.3 If equipment or materials are intentionally stored in the yard insure that they are neatly
placed and not a hazard to personal, barricade area if necessary.

9.0 Oil Leak Reporting
9.1 Qil filled apparatus must be inspected for any signs of leaks.

9.1.1 The oil leak status shall be recorded for each piece of oil filled apparatus in substation that
appears on inspection checklist. A sample list of such equipment:

e Station Transformer

e Circuit Breakers and Circuit reclosers
¢ Regulators

o Capacitors

e Reactors

9.1.2 Leaks from small apparatus that do not appear on inspection checklist should be recorded
in comments section.

9.2 Oil Leak Status Codes
9.2.1 Qil leaks are categorized as follows:
a.) Clean - Apparatus is dry and shows no evidence of oil leaks.
b.) Repaired — A leak is found and repaired, note the repairs made.

c.) Weep - Anytime the external surface of a piece of apparatus is wet with oil. Note the
location and, if possible, cause of the leak.

Substation Maintenance Procedure — # SMP 400.06.2 Liberty Utilities
PRINTED DOCUMENTS NOT CONTROLLED.

11-009



Docket No. DE 19-064
Substation Policies - Liberty
Page 10 of 73

- Liberty Utilities SUBSTATION VISUAL AND OPERATIONAL

SUBSTATION MAINTENANCE Doc. # SMP 400.06.2
Procedure Page 10 of 14

(V&O) INSPECTION Version 1.1 — 11/20/18

f.) Leak - Qil is running off or about to run off the external surface of containers or
electrical apparatus. Required Action immediately contact supervisor and environmental
program manager.

9.3 Leaks categorized as Leak require immediate action to stop the leak or contain the released
oil

9.4 Leaks from PCB Equipment

10.0

9.4.1 If a leak is discovered from equipment classified as over 500 ppm PCB cleanup must
begin within 48 hours (40 CFR 761.30(a)(1)(x).

9.4.2 The inspection records must also include:
a.) The location of the leak;
b.) The estimate of fluid released;
c.) The date and description of any cleanup, containment, repair or replacement;
d.) The results of any containment (for example, was containment successful or not).

e.) The daily inspection results required for uncorrected, active leaks (refer to
Environmental Procedure EP-14).

f.) The records must be available for inspection by the EPA and must be maintained for
at least three years after disposal of the equipment.

9.5 Load Reading

9.5.1 Record any load reading that is requested by engineering on a monthly basis. This
will be saved in the public folder so engineering can access the data.

Apparatus Inspections

Refer to the V&O Inspection sections of the following SMP’s for apparatus inspections. Apparatus
inspections are not required to be performed as part of the substation V&O inspection. Apparatus
V&O inspections have their own inspection cycles.

10.1 Circuit Breaker Inspection

10.1.1 Perform visual inspection of equipment:
A) Checking bushing condition for cracks and chips.
B) Painted surfaces for rust.
C) Overall breaker condition (leaning).
D) Foundation for exposed rocks and cracks.
E) Proper ground connections.
10.1.2 Check Position Indicator for visibility, color and matching to breaker status.

10.1.3 Check Spring (if available) to be in the full charged position with matching indicator.

10.1.4 Record any Reclosing relays that are off and tagged and check with system
operator for SCADA tags.
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10.1.5 Record any ground relays that are off and tagged and check with System Operator
for SCADA tags.

10.1.6 Inspect Mechanical (69) Trip toggle switch for correct position. Should be in the
normal position unless in abnormal state.

10.1.7 Listen for abnormal humming or buzzing coming from the Breaker.

10.1.8 Inspect animal guards for good condition. Document any spots that are missing
animal guards or need to be installed/replaced.

10.1.9 Check for breaker heater functionality. DO NOT TOUCH WITH BARE HANDS.

10.1.10 Record counter from relay control and update counter card with necessary
information (targets and cause). Only update counter card when there is a change to the
count number.

10.1.10 Record relay targets and reset.
10.1.11 Check indicator lights for open/closed status and replace bulb if needed.

10.1.12 Take voltage reading and perform a load test on the batteries through external or
internal test when available. Loss of more than 3 Volts on load test is a Fail.

A) Record tests as PASS/FAIL on inspection sheet.
B) Failed battery load test should be replaced immediately.

10.1.13 Record breaker position as open or closed. Abnormal states should be reported to
System operator or Supervisor.

10.1.14 Check and record oil level and document any leaks that are found. Refer to leak
status 9.2.1 for leak categorization.

10.2.M.O.D and Switches
10.2.1 Inspect labeling for clear and correct labeling. Replace or add if safe to do so.

10.2.1 Check to make sure equipment is locked in the correct open or close state and the
locks are in good working order.

10.2.2 Visually inspect all rods and linkage to insure they are attached and connected to
the structure.

10.2.3 Ensure all switches are properly grounded and grounds have not frayed or
detached.

10.2.4 Check motor cabinets heaters make sure they are functional if available.
10.2.5 Check indicator bulbs in motor cabinet or control house and replace if needed.
10.2.6 Record operation counter if available.

10.2.7 Check live line indication usually found inside control house when available.
Replace bulb if needed.

10.2.8 Record the state of the switch (open/closed) and document if M.O.D is in abnormal
configuration (Auto/Manual).

10.3 Transformer
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10.3.1 Visually inspect bushing and arrestors for:
A) Cracks and chips.
B) Qil level if available.
C) Blown or disconnected arrestors.
10.3.2 Inspect tank grounds for any disconnected or missing copper.

10.3.3 Operate transformer fans or pumps and make sure each fan is operating
correctly. Notify supervisor if fan does not operate.

10.3.4 Inspect transformer cabinet for:
A) Proper heater and thermostat function.
B) Cabinet vents are not blocked.

C) Annunciator is not in an alarming state. Report any alarms to System
Operator and Supervisor.

10.3.5 Inspect pressure relief to make sure it has not blown or has broken off. If blown
notify Supervisor immediately.

10.3.6 Listen for any abnormal buzzing or humming from the transformer.

10.3.7 Record nitrogen pressure + or — pressure is acceptable. 0 pressure may indicate
a leak and should be addressed with nitrogen added into the system.

10.3.8 Record both the Max and instantaneous temperature of the top oil and the
winding temperature where available. Reset drag hands with manually or with magnet.

10.3.9 Check and record oil level and document any leaks that are found. Refer to leak
status 9.2.1 for leak categorization.

10.4 Voltage Requlators

10.4.1 Visually inspect bushing for cracks and chips.

10.4.2 Look for any missing or broken tank grounds.

10.4.3 Listen for any abnormal buzzing or humming from the regulator.

10.4.4 Inspect control box for any signs of rust, broken hinges or general damage.

10.4.5 Inspect arrestors for any signs of damage, cracks or porcelain. Record circuits
and phases with porcelain arrestors for replacement.

10.4.6 Inspect animal guards for any damages and make note of any location that
requires new or is missing an animal guard.

10.4.7 Record information from the regulator:

A) Voltage can be found navigating the control screen or by using a volt meter to
read voltage on front of the control.

B) Operation counter can be found on control screen or directly on control
C) Record Low, Present, and High tap positions and reset drag hands.
D) Record oil level in sight glass if available.
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E) Check if device is in auto or manual mode, if in manual call System Operator
to make sure device is not supposed to be in abnormal condition.

F) Check if device is in internal or external power source. Should be set to
internal for normal operations.

G) Check for oil color if available (Clear/Amber/Dark) and record any oil leaks.

10.5 Batteries and Chargers

10.5.1 Inspect each battery bank for a No smoking sign.
10.5.2 Check eyewash station for leakage and expired water.
10.5.3 Check vents are clear of debris and fan motors in working order.

10.5.4 Inspect flame arrestor caps for cracking or breaking. Record any damaged ones
for replacement.

10.5.5 Inspect all external connects for signs of corrosion or heating.
10.5.6 Visually inspect battery cell internals for the following:
A) Plates buckling or warping.
B) Large buildup of sediment at bottom of cell.
C) Any acid leaking out of cells and falling into spill containment pads.
D) Proper liquid level in battery cells, if low fill with distilled water.
10.5.7 Inspect rack for good condition and proper grounding.

10.5.8 While charger is on record float voltage and load amp reading. If available check
the positive and negative to ground indicator.

10.5.9 On pilot cell record the cell number with the cell voltage and cell temperature.
10.5.10 Turn off charger and record overall voltage.

10.6 Capacitors

10.6.1 If capacitor bank is controlled via Circuit Breaker please refer to 10.1 for
inspection procedure.

10.6.2 Inspect capacitor bank for any bushing damage, all ground are properly
connected and secure, and any animal guards are not missing. Note any spots that
should have animal guards for future install.

10.6.3 Record the switch position (Open/Close).
10.6.4 Record counter from the switch position or control counter if available.

10.6.5 Record control operation if automatic or in manual. Call System operator if
capacitor bank is in abnormal configuration.

10.6.6 If available check the controlling relay for accurate clock time and any alarms
indicated. Record and report any alarms with the System Operator.

10.6.7 Visually inspect the capacitor bank for any bulging, oil leakage or blown fuses.

Substation Maintenance Procedure — # SMP 400.06.2 Liberty Utilities
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11.0 Final Checklist

11.1 Turnoff yard lights

11.2 Verify all abnormal conditions found are entered in station log book.

11.3 Call the System Operator and notify them that the V&O Inspection has been completed and
you will be leaving the station.

a) Report any abnormal conditions, alarms or relay targets found.

11.4 Turn control house lights off, lock doors and check secure.

11.5 Re-arm security alarms.

11.6 Close and securely lock gate.

11.7 All V&O forms will be scanned to supervisor and saved on the common drive for review.

12.0 Appendix A -

(W:\ElectricOperations\Substation\SUBSTATION V&O INSPECTIONS)

Trouble Reporting

12.1 Trouble

12.1.1 The term trouble is defined as any condition which occurs on the equipment that has or
could affect the ability of that equipment to perform its required function.

12.2 Severe Trouble

12.2.1 A severe trouble condition is a situation that is immediately hazardous to the system
operation and/or personnel. These troubles are immediately reported to the System
Operator and to the person in charge of the substation. The employee shall secure the
area and warn unauthorized people to stay clear of the danger.

12.2.2 Examples of Severe Trouble

a

o O T

)
)
)
)
)

Dead station battery

Blown bushings or cable terminator
Downed live lines

Multiple broken support insulators

Electrical fires

Grounds cut in station

Loss of station service power

Broken pole or structure

Blown by pass/shunt arresters on regulators
Low oil levels

Unusual noises

12.3 Not Immediately Fixable Trouble
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12.3.1

12.4

12.5
12.5.1

12.5.2

These troubles are reported to the System Operator and the person in charge of the
substation. They shall also be noted on the V&O form and station logbook in red
and scheduled for repair at a later date.

Examples of Not Immediately Fixable Trouble:

a) Surge Arrester blown
b) Broken operating rods on disconnects
c) Damaged bus support insulators

Fixable Trouble

Fixable items should be repaired as they are discovered during the V&O Inspection. This
insures that the station is maintained in the best possible operating condition and
prevents unnecessary return trips. The items fixed should be noted on the V&O
Report and in the station logbook.

Examples of Fixable Trouble

a) Low Battery electrolyte

b) Replacing blown lamps

c) Installing missing covers

d) Installing signs

e) Installing new locks

f) Cleaning and repairing oil leaks

g) Changing recloser batteries

h) Replacing control fuses

) Changing nitrogen bottles

j) Changing Silica Gel turned pink or white

13.0 Revision History

Date

Rev # | Description Lead/Author

11/20/18

Major update to include apparatus

, ! , : Andrew Furtado
inspection and minor wording changes

11

04/01/2014 1.0

Initial Version of document Update from

National Grid document to be NH Specific Robert J Johnson
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INTRODUCTION

This procedure describes the methods used to perform Visual and Operational, Thermographic,
Mechanism, Diagnostic, and Acceptance Testing on all Circuits Breakers used in electrical substations.

PURPOSE

Scheduled equipment testing and inspections are necessary to protect both the public and electric
utility workers, prevent unnecessary customer outages, and maximize equipment operating life. This
procedure lists special tools and equipment required, unusual hazards, and methods used, to inspect

and test Circuit Breakers.

ACCOUNTABILITY

Substation and Qualified Managers supervising inspection and maintenance activities
Substation and Qualified Workers performing inspection and maintenance activities

REFERENCES

Liberty Utilities Employee Safety Handbook and Procedures

LU SMP 499.10.2 Substation Work Area Identification Procedure
LU SMP 400.06.2 V&O Inspection Procedure

LU SMP 400.07.1 Thermographic Inspection

Substation Breaker/Recloser Testing Guidance Document
ANSI/NETA (MTS) Maintenance Testing Specifications 2019

Manufacturer’s Installation, Operating, and Maintenance manuals for the specific equipment to
be inspected and maintained.

Manufacturer’s operating manuals for the specific test equipment to be used.

DEFINITIONS

Inspect-

System Operator-

Qualified Person-

Qualified Worker-

An assessment of Liberty Utilities facilities for the purpose of determining the
condition of the facility and any associated components.

An authorized person, who directs, controls, monitors, and operates the
electric system and its associated apparatus.

A person knowledgeable in the construction and operation of electric power
generation, transmission, substation, and/or distribution apparatus involved
along with the associated hazards in specific duties pertaining to electric
operations.

Workers shall be trained in and familiar with the safety related work
practices, safety procedures and other safety requirements that pertain to
their respective job assignments. Workers shall also be trained in and
familiar with any other safety practices, including applicable emergency

SMP # 401.07.2 Testing Circuit Breaker Liberty Utilities
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69 Switch-

Contact Erosion-

procedures (such as pole top/bucket rescue). Qualified workers shall be
trained and competent in:

¢ Skills and Techniques necessary to distinguish exposed live parts
o Determining nominal voltage of exposed live parts
o Knowledge of minimum approach distances

e Proper use of precautionary techniques, use of PPE including
insulating and shielding materials and properly rated insulated tools
for working on or near energized parts of electrical equipment

Switch turned off by operating the mechanical trip mechanism. This switch is
in the closing circuit and prevents the breaker from being closed until it is
reset.

During vacuum circuit breaker operation small amounts of metal are
vaporized off of the contacts. A mark or measurement on the operating rod
indicates when the erosion is sufficient to require the contacts (new vacuum
bottle) to be changed.

PROCEDURE CONTENTS

Table of Contents

1.0 Test EQUIpMENt REQUITEM .......coevveiiiiii e e e e 3
2.0 Materials REQUITEd..........cooi i 3
3.0 UnuSUal HAzards ...........oiiiiiiiiiieeeeee e 3
4.0 Visual and Operational INSPECLION .........cccuvuiiiiiiiiiiiiiieceee e 4
5.0 MaJOr MaINtENANCE ......uuuiieiiiiiiiiie ettt e et e e et eeeaaaa s 4
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7.0 ACCEPLANCE TESHING eevvuuiieieiiiii ettt e 5
8.0 Testing SChedule ... 5
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1.0 Test Equipment Required
1.1 V&O Inspection
1.1.1 Digital Multi-meter, ANSI Class IV
1.1.2 Spare battery for PTR and Relay
1.2 Major Maintenance
1.2.1 All of the above
1.2.2 Megger Megohmmeter
1.2.3 Contact Tester Microhmmeter
1.2.4 DC Hi-Pot Tester (Vacuum Bottle Only)
125 TTR
1.2.6 Micrometer
1.3 Acceptance Testing
1.3.1 All of the above
2.0 Materials Required
2.1 V&O Inspection
2.1.1 Inspection forms or software for digital forms
2.2 Major Maintenance
2.2.1 Substation computer with test equipment software
2.2.2 Report coversheet with nameplate data
2.2.3 PDF software for combining test reports
3.0  Unusual Hazards
All work should be performed by a qualified worker trained on substation safety and
knowledgeable about all potential hazard and familiar with testing and maintenance
procedures. Refer to LU-SMP 499.10.2 Substation Work Area Identification Procedure
for identifying and setting testing area.
3.1 Electrical
Care should be taken when handling and operating on or inside Circuit Breakers. Units
should be tested and grounded before any work starts. In-service units will have either
120v or 208v operating inside the controls and wiring. Make sure the manufacturer
manual is referenced and voltage testing is made during any testing or troubleshooting.
SMP # 401.07.2 Testing Circuit Breaker Liberty Utilities
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3.2

Bench testing or acceptance testing units will have to have control power voltage

backfeed to it. Be sure to wear all proper P.P.E. when handling and operating.

Mechanical

Circuit Breakers have many mechanical moving parts that can cause injury when not
handled safely. Always make sure everyone is clear of all moving parts before operating.
If the Circuit Breaker is equipped with a closing spring make sure the spring is de-
energized before any work is started. This can be accomplished by removing control

power and operating the breaker manually until the spring is completely de-energized.

4.0 Visual and Operational Inspection

4.1 Please refer to SMP 400.06.02 for all steps regarding V&O Inspection
5.0 Major Maintenance

5.1 Insulation testing

5.1.1 Using the Megohmmeter to test bushing, with the recloser in the open position to
test bushing — ground and bushing — bushing (same phase). Document all test
results using Liberty Utilities approved forms.

5.1.2 Test Lightning Arrestors for insulation breakdown.

5.2 Contact Testing

5.2.1 Use Microhmmeter for contact testing on each phase. Check the manufacturer’s
manual for specific tolerances if not available vacuum bottle results should be
with 10% of each phase. Check for any significant contact erosion. Document all
test results using Liberty Utilities approved forms.

5.3 Mechanical Check

5.3.1 Check all moving parts and lubricate as recommended by manufacturer

5.3.2 Operate the CB manually using the manual controls and 69 trip control.

5.3.3 Fully discharge the closing spring and manually charge.

5.3.4 Measure Contact wipe or contact wear as applicable. Use a caliper to check
contact movement compared to recommended manufacturer standards. This is
to inspect for any contact erosion.

5.3.5 Any distribution Breakers taken out of service should have stainless hardware
replaced where needed as well as any tap connections cleaned and re-greased.
Check with equipment manufacturer’s manual for proper grease and lubrication
recommendations.

SMP # 401.07.2 Testing Circuit Breaker Liberty Utilities
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54 TTR
5.4.1 Using TTR test the CTs if available at the current tap settings.
Document all test results using Liberty Utilities approved inspection forms.
6.0 Reporting
6.1 All testing should be reported and documented using Liberty Utilities approved
inspection forms for Circuit Breakers.
6.2 All reports should be given to the Supervisor in a timely manner for review and
recordkeeping. All reports should be saved in the proper testing folder on the (W) Drive.
7.0 Acceptance Testing
7.1 All above test should be completed for acceptance testing. This should be done to insure
equipment is in good working condition after delivery from manufacturer. Any defects or
issues should be brought to the attention of the Supervisor for immediate action.
7.2 DC Hipot testing
7.2.1 Check with manufacturer's manual before running test. When running this test it
is considered a Go, No-go test. Only use for vacuum bottles when applicable.
8.0 Testing Schedule
8.1 To maintain proper working and functional equipment Liberty Utility has decided that all
major maintenance should be performed on a 4 year cycle until such times where that
needs to be changed.
8.2 If a miss operation under a fault condition occurred, basic testing should be performed

on the breaker. This would include an insulation and contact test, and a control relay

test.
Date Rev # | Description Lead/Author
2/01/2020 1.0 greatlon of document for Liberty Utility Andrew Eurtado
ystem
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INTRODUCTION

This procedure describes the methods used to perform Visual and Operational, Thermographic,
Mechanism, Diagnostic, and Acceptance Testing on Distribution Line Reclosers (Pole Top Reclosers).
PURPOSE

Equipment inspections are necessary to protect both the public and electric utility workers, prevent
unnecessary customer outages, and maximize equipment operating life. This procedure lists special
tools and equipment required, unusual hazards, and methods used, to inspect Distribution Line
Reclosers (PTR).

ACCOUNTABILITY

Substation and other Managers supervising inspection and maintenance activities.
Substation and Qualified Workers performing inspection and maintenance activities.

REFERENCES
Liberty Utilities Employee Safety Handbook and Procedures

Liberty Utilities Overhead Construction Standards — Section 12 Protection

LU EOP D011 Inspection/Maintenance and Installation of Distribution Line Reclosers
LU SMP 499.10.2 Substation Work Area ldentification Procedure

LU SMP 400.06.2 V&O Inspection Procedure

Substation Viper S — Specific Testing Guidance - Checklist

ANSI/NETA (MTS) Maintenance Testing Specifications 2019

Manufacturer’s Installation, Operating, and Maintenance manuals for the specific equipment to
be inspected and maintained.

Manufacturer’s operating manuals for the specific test equipment to be used.

DEFINITIONS

Inspect- An assessment of Liberty Utilities facilities for the purpose of determining the
condition of the facility and any associated components.

System Operator- An authorized person, who directs, controls, monitors, and operates the
electric system and its associated apparatus.

Qualified Person- A person knowledgeable in the construction and operation of electric power
generation, transmission, substation, and/or distribution apparatus involved
along with the associated hazards in specific duties pertaining to electric
operations.

Qualified Worker- Workers shall be trained in and familiar with the safety related work
practices, safety procedures and other safety requirements that pertain to
their respective job assignments. Workers shall also be trained in and

SMP # 401.07.2 Testing Distribution Line Recloser (PTR) Liberty Utilities
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familiar with any other safety practices, including applicable emergency
procedures (such as pole top/bucket rescue). Qualified workers shall be
trained and competent in:
¢ Skills and Techniques necessary to distinguish exposed live parts
¢ Determining nominal voltage of exposed live parts
¢ Knowledge of minimum approach distances
e Proper use of precautionary techniques, use of PPE including
insulating and shielding materials and properly rated insulated tools
for working on or near energized parts of electrical equipment
69 Switch- Switch turned off by operating the mechanical trip mechanism. This switch is

Contact Erosion-

in the closing circuit and prevents the breaker from being closed until it is
reset. On a distribution line recloser it is a yellow trip handle. To reset

handle must be placed back to the normal position.

During vacuum circuit breaker operation small amounts of metal are
vaporized off of the contacts. A mark or measurement on the operating rod
indicates when the erosion is sufficient to require the contacts (new vacuum

bottle) to be changed.

PROCEDURE CONTENTS

1.0 Test Equipment Required
2.0 Materials Required
3.0 Unusual Hazards
4.0 Visual and Operational Inspection

5.0 Major Maintenance

6.0 Reporting

7.0 Acceptance Testing
8.0 Testing Schedule

Table of Contents
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1.0 Test Equipment Required

11

1.2

13

V&O Inspection

1.1.1 Digital Multi-meter, ANSI Class IV
1.1.2 Spare battery for PTR and Relay
Major Maintenance

1.2.1  All of the above

1.2.2 Megger Megohmmeter

1.2.3 Contact Tester Microhmmeter
1.2.4 DC Hi-Pot Tester (Vacuum Bottle Only)
1.25 TTR

1.2.6 Micrometer

Acceptance Testing

1.3.1 All of the above

2.0 Materials Required

2.1

2.2

V&O Inspection

2.1.1 Inspection forms or software for digital forms
Major Maintenance

2.2.1 Substation computer with test equipment software
2.2.2 Report coversheet with nameplate data

2.2.3 PDF software for combining test reports

3.0 Unusual Hazards
All work should be performed by a qualified worker trained on substation safety and

3.1

knowledgeable about all potential hazard and familiar with testing and maintenance
procedures. Refer to LU-SMP 499.10.2 Substation Work Area Identification Procedure

Section 5.0 Temporary Testing Area prior to identifying and setting up testing area.

Electrical

Care should be taken when handling and operating on or inside Distribution Line

Reclosers. Units should be tested and grounded before any work starts. In-service units

will have either 120v or 208v operating inside the controls and wiring. Make sure the

manufacturer manual is referenced and voltage testing is made during any testing or

SMP # 401.07.2 Testing Distribution Line Recloser (PTR)
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3.2

3.3

troubleshooting. Bench testing or acceptance testing units will have to have control
power voltage backfeed to it. Be sure to wear all proper P.P.E. when handling and

operating test equipment and Distribution Line Recloser (PTR).

Mechanical

Distribution Line Reclosers have many mechanical moving parts that can cause injury
when not handled safely. Always make sure everyone is clear of all moving parts before
operating. If PTR is equipped with a closing spring make sure the spring is de-energized
before any work is started. This can be accomplished by removing control power and

operating the breaker manually until the spring is completely de-energized.

G&W Viper S w/PTs ( Item ID 8830-9201974 or 9201971)

Refer to Liberty Utilities Overhead Construction Standards Section 12 — Protection
Page numbers 12-338, 12-339, & 12-340 and G&W Installation, Operation, and
Maintenance Instructions for Viper-S Solid Dielectric Recloser - GWI 531-I supplied with

unit.

|

Identify all potential hazards in work area. Looking outside the equipment being worked
on (as seen in figure above).

Review equipment manual for all hazards. All new equipment or equipment that workers
are unfamiliar with should involve a safety stop to review its operations.

Review wiring diagram to determine what is going to be energized at the time of testing

SMP # 401.07.2 Testing Distribution Line Recloser (PTR) Liberty Utilities
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4- Remove secondary connectors off of the junction box going to each transformer, should
have the same look as pictured below.

5- Disconnect the secondary connection on the Transformers they are located on the
picture below. (This will create a visual air gap that will prevent any potential back feed

when the control is energized).

.

before landing
wires

Land 120V
Secondary at this
location

6- Connect 120VAC power at terminal block and open fuseblocks as shown above

7- Begin test set up with safe work practices

SMP # 401.07.2 Testing Distribution Line Recloser (PTR) Liberty Utilities
11-025



Docket No. DE 19-064
Substation Policies - Liberty
Page 26 of 73

« Liberty Utilities

SUBSTATION MAINTENANCE

Procedure

Doc. # SMP 401.07.2
Page 6 of 8

Testing Distribution Line Recloser (PTR)

Version 1.0 — 4/01/2020

3.4  G&W Viper S (Item ID 8830-9201979)

Refer to Liberty Utilities Overhead Construction Standards Section 12 — Protection
Page numbers 12-338, 12-339, & 12-340 and G&W Installation, Operation, and
Maintenance Instructions for Viper-S Solid Dielectric Recloser GWI - 531-I supplied with

unit.

3.5 G&W Viper ST (Iltem ID 8830-9201982)
Refer to Liberty Utilities Overhead Construction Standards Section 12 — Protection
Page numbers 12-341 & 12-342 and G&W Installation, Operation, and Maintenance
Instructions for Viper-ST Solid Dielectric Recloser - GWI 531-8 supplied with unit.

SMP # 401.07.2 Testing Distribution Line Recloser (PTR)
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4.0

5.0

6.0

Visual and Operational Inspection
4.1 Please refer to SMP 400.06.02 for all steps regarding V&O Inspection

Major Maintenance
5.1 Insulation testing

511

51.2

Using the Megohmmeter, with the recloser in the open position to test bushing —
ground and bushing — bushing (same phase). Document all test results using
Liberty Utilities approved forms.

Test Lightning Arrestors for insulation breakdown.

5.2 Contact Testing

5.21

Use Microhmmeter for contact testing on each phase. Check the manufacturer’s
manual for specific tolerances if not available vacuum bottle results should be
with 10% of each phase. Check for any significant contact erosion. Document all

test results using Liberty Utilities approved forms.

5.3 Mechanical Check

531
5.3.2
5.3.3
534

535

54 TTR
54.1

Reporting

Check all moving parts and lubricate as recommended by manufacturer
Operate the PTR manually using the manual controls and 69 trip control.

Fully Discharge the closing spring and manually charge.

Measure Contact wipe or contact wear as applicable. Use a caliper to check
contact movement compared to manufacturer standards. This is to inspect for
any contact erosion.

All in-service distribution line reclosers should have stainless steel hardware
replaced where needed as well as any tap connections cleaned and re-greased.
Check with equipment manual for proper grease and lubrication

recommendations.

Using TTR test the CTs if available at the current tap settings.

Document all test results using Liberty Utilities approved inspection forms.

6.1 All testing should be reported and documented using Liberty Utilities approved

inspection forms for Distribution Line Reclosers.

6.2  All reports should be given to the Supervisor in a timely manner for review and

recordkeeping. All reports should be saved in the proper testing folder on the (W) Drive.

SMP # 401.07.2 Testing Distribution Line Recloser (PTR) Liberty Utilities

11-027



Docket No. DE 19-064
Substation Policies - Liberty
Page 28 of 73

SUBSTATION MAINTENANCE Doc. # SMP 401.07.2
< Liberty Utilities Procedure Page 8 of 8
Testing Distribution Line Recloser (PTR) Version 1.0 — 4/01/2020

7.0 Acceptance Testing

7.1

7.2

All above test should be completed for acceptance testing. This should be done to insure
equipment is in good working condition after delivery from manufacturer. Any defects or
issues should be brought to the attention of the Supervisor for immediate action.

DC Hipot testing

7.2.1 Check with Manufacturer manual before running test. When running this test is it

considered a Go, No-go test. Only use for vacuum bottles when applicable.

8.0 Testing Schedule

8.1 Pre-Installation, scheduled prior to putting unit into service.

8.2 To maintain proper working and functional equipment Liberty Utility has decided that all
major maintenance should be performed on a 20 year cycle until such times where that
needs to be changed.

8.3 If a miss operation under a fault condition occurred, basic testing should be performed
on the breaker. This would include an insulation and contact test, and a control relay
test. The distribution line recloser would need to be removed from service by the electric
line department.

Date Rev # | Description Lead/Author
4/01/2020 1.0 g;(;?gr?]n of document for Liberty Utilities Andrew Furtado
SMP # 401.07.2 Testing Distribution Line Recloser (PTR) Liberty Utilities
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INTRODUCTION

This procedure describes the methods used to perform Visual and Operational, DGA and TCG, In
Service, Diagnostic, Acceptance, Thermographic, and other inspections on large, power transformers
used in electrical substations.

PURPOSE

Scheduled equipment inspections are necessary to protect both the public and electric utility
workers, prevent unnecessary customer outages, and maximize equipment operating life. This
procedure lists special tools and equipment required, unusual hazards, and methods used to
inspect large power transformers.

ACCOUNTABILITY
Substation and other Managers supervising inspection and maintenance activities
Substation and Qualified Workers performing inspection and maintenance activities

REFERENCES

Liberty Utilities Employee Safety Handbook and Procedures
LU SMP 499.10.2 Substation Work Area ldentification Procedure

LU SMP 400.06.2 V&O Inspection Procedure
LU SMP 400.07.1 Thermographic Inspection

Manufacturer’s Installation, Operating, and Maintenance manuals for the specific equipment to be
inspected.

Manufacturer’s operating manuals for the specific test equipment to be used.

DEFINITIONS

DGA- Dissolved Gas Analysis — Analysis of the gases in insulating oil. Used
for early detection of transformer problems and after suspected
internal faults. DGA tests can detect overheating, corona and arcing,
seal failure and water.

Leakage Reactance-  Electrical test to determine winding distortion in transformers.

LTC- Load Tap Changer — Tap changer capable of operation while the
transformer is energized and under load. Operates automatically to
compensate for changes in source voltage and load current to
maintain constant voltage to customers.

DETC- De-energized (No Load) Tap Changer — Tap changer that is only
operated while the transformer is de-energized. Set at installation and
rarely changed.

Oil Screen Test- Laboratory test of transformer oil, usually a quart sample, for low
dielectric, particles, contaminants, inhibiter, degradation, acids, PCB’s
and water.
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Silica Gel- Crystalline material capable of absorbing moisture. Used in free
breathing transformers and tap changers to remove moisture from the
air entering the oil space.
Surge Arrestor Lightning arrester. Used to protect transformers and other equipment
from high voltage transients caused by lightning and system
disturbances.
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1.0 Test Equipment Required
1.1 V&O Inspection

1.1.1 Digital Multi-meter, ANSI Class IV
1.1.2 Spare battery for PTR and Relay

1.2 Major Maintenance
1.2.1  All of the above
1.2.2 Megger Megohmmeter
1.2.3 TTR
1.2.4 Omicron Testrano 600
1.2.5 Nitrogen Gas Bottle
1.2.6 OQil Dielectric Test Set
1.3 Acceptance Testing
1.3.1 All of the above

2.0 Materials Required
2.1 V&O Inspection

2.1.1 Inspection forms or software for digital forms

2.2 Major Maintenance

2.2.1 Substation computer with test equipment software

2.2.2 Report coversheet with nameplate data

2.2.3 PDF software for combining test reports

3.0 Unusual Hazards

All work should be performed by a qualified worker trained on substation safety and
knowledgeable about all potential hazard and familiar with testing and maintenance
procedures. Refer to LU-SMP 499.10.2 Substation Work Area Identification Procedure

for identifying and setting testing area.

3.1 Fall Arrest Protection

3.1.1 Employees should be tied off on to ladder or using structure fall arrest device to

avoid and prevent any accidental falls.

4.0 Visual and Operational Inspection

4.1 Please refer to SMP 400.06.02 for all steps regarding V&O Inspection

SMP # 402.02.2 Testing & Maintaining Transformers
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5.0 Major Maintenance

5.1

52

5.3

Insulation testing

5.11

5.1.2
513
TTR

521

Perform Insulation-resistance tests, winding to winding and each winding to
ground. Apply Voltage in accordance with manufacturer’s published data. Record
and Save polarization index readings. Save all test results to test software.

If Core ground strap is available remove and measure

Test Lightning Arrestors for insulation breakdown.

Perform TTR test at the designated tap position.

5.2.1.1 On DETC test only the tap position that has been in service. On newer
units test all tap positions.

5.2.1.20n LTC test all tap positions running the equipment through both the

raised and lower positions.

Omicron Testrano 600

53.1

53.2

5.3.3

Perform power factor test on all windings in accordance with test equipment
manufacturer’s data.

Perform excitation-current tests in accordance with the test equipment
manufacturer’s data.

Perform DC winding resistance test last

6.0 Trouble Work

6.1

6.2

When there is a fault on a station transformer and there is a known fault through the

transformer the following steps should be taken at a minimum

Insulation testing

This is used to test the overall insulation of the transformer to make sure there

has been no breakdowns of the oil or a short somewhere inside the transformer.

6.2.1

6.2.2

Perform Insulation-resistance tests, winding to winding and each winding to
ground. Apply Voltage in accordance with manufacturer’s published data. Record
and Save polarization index readings. Save all test results to test software.

If Core ground strap is available remove and measure.
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6.3 Transformer Turns Ratio
This should be performed on every transformer to ensure there is no damage to the
windings through fault current which could cause the winding or the core to move and
shift.

6.3.1 Perform TTR test at the designated tap position.
6.3.1.1 On DETC test only the tap position that has been in service. On newer
units test all tap positions.
6.3.1.20n LTC test all tap positions running the equipment through both the
raised and lower positions.
6.3.2 Oil Sampling
A DGA sample should be pulled when there is a fault involving a transformer.

This should be pulled and sent out as an ‘urgent’ test.

7.0 Reporting
7.1 All testing should be reported and captured on test device software or on Transformer
testing report.
7.2 All reports should be given to the Supervisor in a timely manner for review and
recordkeeping. All reports should be saved in the proper testing folder on the (W) Drive.
8.0 Acceptance Testing
8.1 All above test should be completed for acceptance testing. This should be done to insure
equipment is in good working condition after delivery from manufacturer. Any defects or
issues should be brought to the attention of the Supervisor for immediate action.
9.0 Testing Schedule
9.1 To maintain proper working and functional equipment Liberty Utility has decided that
major maintenance should be performed on a cyclical basis until such times where that
needs to be changed.
Date Rev # | Description Lead/Author
2/31/2020 1.0 S;eeztlon of document for Liberty Utility Andrew Eurtado
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INTRODUCTION

This procedure describes the methods used to handle insulating oil, in compliance with environmental
regulations, during the installation, maintenance, and removal, of substation apparatus.

PURPOSE

Substation activities frequently involve the addition, removal and temporary storage of mineral oil dielectric
fluid (MODF), or other insulating oils. Qil spills are both damaging to the environment and costly and reflect
negatively to the company.

This procedure lists the equipment required, unusual hazards, and methods used, to add, remove and
temporarily store insulating oil used in electrical substation apparatus.

Oil handling shall be conducted and/or supervised by personnel, who are familiar with the operation and
maintenance of the electrical apparatus, the substation's SPCC Plan, Liberty Utilities Environmental
Procedures and Hazard Communication Program.

ACCOUNTABILITY

1. Standards, Policies, and Codes

A. Update procedure as necessary.

B. Provide appropriate guidance to field personnel when requested for a specific work related task.
2. Electric Distribution Operations

A. Ensure that the procedures in this SMP are implemented.

B. Ensure that all personnel are trained in this procedure.

C. Provide feedback regarding effectiveness of the procedure and revision input as necessary.
3. Liberty Utilities Employees and Contractors

A. Demonstrate an understanding of the procedure in this SMP.

B. Comply with the requirements of the procedures in this SMP.

C. ltis the workers responsibility to read and fully understand and follow the manufacturer’s
instruction manual and specifications before operating any equipment.

4, Liberty Utilities Environmental
A. Provide feedback regarding effectiveness of the procedure and revision input as necessary.
B. Approval of any changes to this procedure.

COORDINATION

Transportation department for moving skid mounted tanks and tanker trailers.
Environmental department for site cleanup and equipment removal disposal procedures.

REFERENCES

Liberty Utilities Employee Safety Handbook and Procedures

Federal Motor Carrier Safety Regulations

Environmental Procedure No. 1, Waste Management

Environmental Procedure No. 5, Release Response

Environmental Procedure No. 14, Electrical Equipment Management
Environmental Procedure No. 15, Reporting of Environmental Incidents
Environmental Guidance Documents for the Specific State

SPCC Plan for the Substation

Substation Maintenance Procedure — # SMS 430.20.2 Liberty Utilities
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Liberty Utilities Hazard Communication Program
Manufacturer’s Installation, Operating, and Maintenance manuals for the specific apparatus
Manufacturer’s operating manuals for the specific equipment to be used.

DEFINITIONS

MODF - Mineral Oil Dielectric fluid, insulating oil.

No-PCB - Oil with no detectable concentration of PCB's.

Non-PCB - Oil that has a PCB level below 50 ppm.

PCB contaminated - Oil that has a PCB level 50 ppm to below 500 ppm.

PCB - Oil that has a PCB level 500 ppm or greater.

PCB Fluid - Oil with a PCB level 50 ppm or greater is defined in EP-1 as a PCB Fluid.
This term is used to refer to any PCB contaminated oil in this document.

PCB - Polychlorinated Biphenyl oils (Askeral etc.) and oils containing
polychlorinated biphenyl. PCB’s are hazardous to human health and the
environment.

TRAINING

Workers who have not been trained in or performed oil handling procedures in the preceding year shall
not perform the below tasks unless on site training is done.

Initial training for this activity is normally accomplished through:
Attending Training Course on Oil Handling In Substations
Performing equivalent On-The-Job Training.
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1. Test Equipment Required.
1.1 Digital Multi-meter, IEC 1010-1 Cat. IV
1) Spare batteries for multi-meter

2. Special Tools Required.
2.1 Barrel bung wrench

3. Materials Required.
3.1 Clor-N-Oil 50 Test Kit.
3.2 Plastic trash bags for oily debris.
3.3 55 gallon drums for used oil filters and/or oily debris.
3.4 Spill control kit. Verify at substation and complete. (Andax Barrel Pac)
3.5 Oil absorbent pads. Item no. 8830-5482700.

4. Special Safety Equipment Required.
4.1 If PCB contaminated or PCB oil is being handled.
1) Nitrile Gloves.
2) Tyvek Suit
3) Over boots
4) Duct Tape.

Substation Maintenance Procedure — # SMS 430.20.2 Liberty Utilities
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5.

8.

Unusual Hazards

PCB contaminated and PCB oil is considered to be a suspected human carcinogen, and may
also cause allergic reactions if in contact with skin.

Oil that has been exposed to arcing may produce vapors that are above the explosive level. If
these vapors are exposed to static discharge or other ignition source an explosion may occur.

Flowing insulating oil is capable of generating static charges which may cause sparks and result
in fires or explosions. All substation equipment being worked on and all pumps, tanks, drums and
other oil handling equipment must be grounded to station ground. If oil is being handled in
locations other than substations all equipment should be bonded together and connected to
system or earth ground. All oil handling hoses must contain a grounding wire, and any pickup or
discharge pipes used must be metal. Splashing oil will also create static charges. The ends of
discharge pipes and hoses should below the oil level in tankers and drums.

Caution should be used on and around equipment where oil may have spilled. All oil spills must
be reported immediately. Spilled oil or oily surfaces shall be cleaned as soon as possible. When
working on top of apparatus, the surface shall be kept clean at all times to reduce the potential for
slipping hazard.

Caution should be used to maintain clearance to energized equipment when working on top of oil
tankers in substation yards. Portable tanks or tankers should be located in a manner which
minimizes exposure to electrical and other hazards.

Apparatus to be Removed from Service and Junked
6.1 Prior to removal of oil:
1) Contact the local Environmental Engineer for assistance with disposal procedures,
facilities, and site cleanup and inspection.

2) Review Environmental Procedure No. 14, Power Equipment Recycling and MODF
Disposal (EP-14).

PCB and PCB Contaminated Oil

7.1 Handling of PCB and PCB contaminated oil shall be in accordance with this procedure and
the requirements of Environmental Procedure No. 1, Waste Management (EP-1).

7.2 In addition to the normally required personal safety equipment the items listed in section 4,
Special Safety Equipment, shall be worn.

Oil Spills
8.1 Required notifications
1) Requirements vary by state.
2) All spills to water require regulatory notification.
3) Some states require notification of spills of any size.

4) If you are not absolutely certain of the applicable requirements contact your Supervisor
and Environmental Engineer.

8.2 Containment

1) |If oil is inadvertently spilled the first priority is to contain the spill to minimize
environmental damage.
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8.3

Cleanup
1) Once the spill is contained cleanup should be started.

2)  Your Supervisor District Environmental Engineer should be immediately notified of all
spills to ensure the cleanup meets company and regulatory standards.

9. Oil Sampling

9.1
9.2

9.3

9.4

9.5
9.6

9.7

Care shall be taken to assure that oil is not released into the surrounding environment.

Appropriate spill control shall be used. This can be accomplished with absorbent pads, plastic
drop cloths, drip pans or pails.

Used oil and oily debris.
1) Used oil shall be placed in closed containers.
2) Oily debris shall be placed in plastic bags or drums.

3) In New Hampshire used oil and oily debris shall be returned to a facility that has an EPA
ID number.

a) Exception locations with an EPA ID number.

Threaded pipe plugs shall be reinstalled using Teflon tape. Steel and galvanized pugs should
be replaced with brass plugs.

Valves and pipe plugs shall be inspected to verify they are sealed and leak free.
Apparatus that was sampled shall be completely inspected for leaks.

1) If leaks are found they should be repaired, if possible. Leaks that can not be
immediately repaired should be contained with absorbent pads or other appropriate
measures.

2)  Notify your Supervisor of any leaks that were repaired or need repair.
The apparatus and work area shall be left clean and free of oil stains.

10. Transportation of Oil and Oily Debris

10.1

10.2

10.3
10.4
10.5

General

1) Drums used to transport oil shall be DOT and company approved, in good condition, and
has permanent closed tops with two top bungs, and no side bung.

a) No rusted (except incidental rust), damaged or leaking drums shall be used.

2) Loads shall be properly secured in accordance with company and DOT requirements.
a) Load securement requirements apply to both enclosed and open bed vehicles.

All PCB (over 500 ppm) and PCB contaminated (over 50ppm) oil.

1) Refer to Environmental Guidance document EG-103 for shipping paper and placard
requirements.

2) Notify the Environmental Engineer before transporting more that 10 gallons of PCB or
PCB contaminated oil.

Small tank trailers (tow behind) shall not be used to transport oil over the road.
Sight glass isolation valves should be closed on tanker trailers, if present.
Double walled tanker trailers should be used to transport bulk oil whenever possible.

Substation Maintenance Procedure — # SMS 430.20.2 Liberty Utilities

PRINTED DOCUMENTS NOT CONTROLLED
11-039



Docket No. DE 19-064
Substation Policies - Liberty
Page 40 of 73

SUBSTATION MAINTENANCE Doc. # SMS 430.20.2
- Liberty Utilities Procedure Page 7 of 19
) Oil Handling Procedure Version 1.0 — 04/01/15

10.6 New Oil

1) New oil is not considered a hazardous material.
10.7 Oil to be processed and reused

1) Oil to be processed and reused is not considered a hazardous material.
10.8 Waste oil for disposal.

1) Waste oil for disposal is considered a hazardous waste in New Hampshire.

a) Exception - waste oil that will be burned for energy recovery is not regulated as a
hazardous waste in New Hampshire.

b) Waste oil for disposal is not regulated as a hazardous waste in New York.
10.9 Oily Debris

1) Oily debris is considered hazardous waste in New England, with the exception that spill
cleanup debris is not regulated as a hazardous waste in New Hampshire.

2) Oily debris that is not dripping wet may be placed in properly tied plastic bags.

3) Oily debris that is dripping wet shall be placed in open top drums with properly gasketed
covers.

11. Temporary Storage of Qil
11.1 General

1) During maintenance and construction activities, non-PCB and no-PCB oil may be
transferred and/or stored at a substation.

2) Double walled tanker trailers should be used for large quantities of oil whenever
possible.

a) Double walled tanker delivery should be requested for new oil or oil delivered by
vendors of new transformers.

3) Temporary oil storage shall comply with this procedure and the substation's SPCC Plan.

a) If the storage location does not have a SPCC plan contact the Environmental
Department to determine containment requirements and if a SPCC plan will be
required.

4) Portable oil containers as used in this section, includes barrels, bladders, tanks, tank
trucks, tanker trailers, and small (tow behind) tank trailers etc.

5) Portable oil containers, containing oil, shall only be stored temporarily at a substation.
a) Storage shall only be for short periods of time during maintenance activities
6) Portable oil containers shall be placed within the substation yard, if possible.

a) Portable oil containers, containing oil, are not to be left unattended outside of the
substation yard.

7) Portable oil containers shall be located on firm level ground.

8) Portable oil containers shall be located in a manner that insures safe working clearances
to live parts.

a) Containers that require the use of ladders or “work on top” require particular care.

9) Portable oil storage tanks shall be inspected to be clean, moisture free, and in good
condition prior to use.

10) Portable containers shall be grounded to the substation ground gird while oil is being
processed or transferred. Fiberglass tanks shall have their skids or chassis grounded.
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11)

b)
c)

d)

e)

f)

9)

h)

While containing oil, portable storage containers (barrels, bladders, and portable
tanks) and tanker trailers shall have means of secondary spill containment unless
they are being used as part of a continuous process.

Double walled tanker trailers satisfy the requirement for secondary containment.
General containment is the minimum required for portable storage containers being
used as part of a continuous process. General containment requirements are usually

met by the presence of trap rock at a substation. Sized secondary containment
(usually 110%) is required on impervious surfaces.

A continuous process is the uninterrupted process of filling or removing oil from
electrical apparatus.

Work must be in process 24 hours a day to be considered a continuous
process. Normal, short work breaks, lunch etc., are allowed.

If the apparatus will be returned to service the process normally starts
when hoses are set up for oil removal and ends when oil hoses are
removed after oil filling.

If the apparatus is being drained he process normally starts when hoses
are set up for oil removal and ends when oil hoses are removed after oil
removal.

When vacuum filling power transformers the process starts when starting to
pull vacuum and ends when the transformer is at its normal oil level.

If the portable storage container or tanker trailer contains more than
residual oil it must be removed the same day the process ends or
secondary containment will be required. Residual oil is that oil that remains
after normal procedures are used to empty the container or trailer.

Oil brought to the site before the day an oil filling or removal process starts
requires secondary containment.

Such containment should be in accordance with SPCC Plan requirements, if
applicable.

If the Substation's containment structures (berms, trenches, or pits) can not be used,
then other temporary means of containment, such as, containment boom, portable
berms, or over pack drums must be used.

When sized secondary containment is required it must be sufficient to contain the
entire capacity of the largest single container. The secondary containment must be
impervious and sized sufficiently to account for precipitation (usually 110%). This
requirement is usually met with portable, drive-on spill containment specifically
designed for tanker trailers. Heavy plastic and hay bales or other suitable berms may
also be used.

If tankers or containers are empty, or only contain residual oil, they are in a
transportation function and not subject to SPCC. Contact the Environmental
Department to determine the containment requirements.

When not actively transferring oil, portable oil containers shall have all bungs, covers
and valves properly gasketed, closed. Valves shall be properly plugged.
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11.2

11.3

114

12) Storage of oil which is not going to be reused must always be managed as a hazardous

waste as follows:

a) In New Hampshire - Only if the oil will not be recycled by burning for energy
recovery.

b) Management as a hazardous waste may require additional requirements for labeling,
inspections and containment. Consult with the Environmental Department.

Portable (skid mounted) fiberglass or metal tanks.

1)

Portable storage tanks are used to transfer medium quantities of oil within substations.
Typical sizes are 500 to 1200 gallons.

Portable bladder and pillow type containers.

1)
2)

3)

Portable bladder and pillow type containers are used to transfer oil within substations.
Sizes range from 100 to tens of thousands of gallons.

Portable bladder and pillow type containers should only be used for short term storage
and processing of oil.

Inspections - Monthly leak inspections are required for bladder and pillow type
containers containing oil when left at a substation. Refer to Appendix C. Tank/Tanker
Inspection and Form

Tank trucks and tanker trailers (tractor trailer).

1)
2)
3)
4)

5)

6)

Tank trucks and tanker trailers are used to transfer large quantities of oil within
substations and to transport oil over the road. Typical sizes are 5000 to 7500 gallons.

Trucks or trailers containing oil shall be parked where they are not likely to be backed
into or hit by other vehicles. A light hit may collapse landing gear on loaded tanker
trailers.

Wheels on trucks or trailers containing oil shall always be chocked when parked.

In addition to the tank compartment inspection, all accessories and attached equipment

shall be inspected to be in good working order.

Tanker trailers landing gear.

a) Landing gear on tanker trailers may not be rated to support full load. Additional
support may be required. The Transportation Department or trailer vendor can verify
the ratings of the landing gear and advice on additional support procedures.

b) Landing gear pads shall be placed on cribbing or steel plates to ensure there is
adequate weight distribution.

c) The rear compartment of a tanker trailers must be loaded first and emptied last.
Tanker trailers may “nose dive” if loaded improperly.

Inspections - Monthly leak inspections are required for tankers containing oil when left at

a substation. Refer to Appendix C. Tank/Tanker Inspection and Form.

11.5 Small tank trailers (tow behind).
1) Small tank trailers are used transfer medium quantities of oil within substations. Typical
sizes are 300 to 800 gallons.
2) Wheels on trailers containing oil shall always be chocked when parked.
3) Tongue supports shall be placed on cribbing or steel plates.
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11.6 Drums and Barrels

1) Drums used to store oil shall be DOT and company approved, steel construction, in
good condition, and have permanent closed tops with two top bungs, and no side bung.
a) No rusted, damaged or leaking drums shall be used.
2) Drums and barrels are used transfer small quantities of oil within substations. Typical
sizes are 30 or 55 gallons.
3) Drums containing oil shall not be stored in the control house of outdoor substations.
4) HazCom requires drums and other containers containing oil to have a label stating the
contents, ‘transformer oil’, and the hazards.
TRANSFORMER OIL Less than 50 ppm PCB 50 ppm and over PCB
HEALTH 1 1
FLAMMABILITY 0 0
REACTIVITY 0 0
PERSONAL PROTECTION B C
B - Glasses and Gloves C - Glasses, Gloves and Protective Clothing
5) Oil expands contracts with temperature changes. Three to five inches of air space

should be left at the top of the drum to allow for expansion.

12. Permanent Storage of Oil

12.1 Tanks which are installed on concrete pads or saddles are not considered to be associated
with temporary storage of oil.

12.2 All such tanks must have impervious, secondary containment, sized to account for
precipitation (~ 110 %), whether they contain oil or are empty.

13. Transferring and Filtering Oil

13.1 General

1)

2)

3)

4)

Check apparatus for labels to determine the PCB status of its oil before oil is handled.
Refer to Appendix B. PCB Classification and Testing.

Oil that has been exposed to arcing should be evaluated for the possibility of producing
an explosive atmosphere.

a) Oil DGA results can be evaluated with the spreadsheet tool on the Substation O&M
Services web site or contractor.

b) If explosive levels are found contact O&M Substation Services for instructions.

When the tanker or container is engaged in transfer operations, only general

containment/diversionary structures are required.

a) This requirement is usually satisfied by the presence of substation SPCC berms, trap
rock ground surface, and/or spill containment and cleanup equipment.

The oil quantity contained in the apparatus shall be determined before transferring or

filtering is started.
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13.2

13.3

13.4

13.5

13.6

5) The size of any temporary oil storage containers shall be verified to be adequate for the
quantity of oil.

6) Proper venting of apparatus and temporary oil storage containers shall be verified, prior
to starting oil transfer operations, to prevent equipment damage or oil spills.

7) The substation SPCC spill kit (Andax Barrel Pac) should be located and checked to be
complete.

8) An Andax Pac 44 spill kit, or equivalent, equipment shall be at the work site.

9) Filtering equipment and temporary oil storage containers shall be located as close as
possible to the apparatus being maintained.

10) The following steps are to be taken prior to commencement of oil transfer:

a) Check all apparatus, equipment and temporary oil storage container fittings and
valves for evidence of leaks. If leaks are found, correct prior to starting transfer
operation.

Hoses and hose connections.

1) Oil hoses shall be tested for electrical continuity between metal end fittings before each
use. Hoses failing test shall not be used

2) Threaded connections shall be made using Teflon tape or gaskets and tightened to
prevent leaks.

3) Quick connect couplings shall be made with gaskets in place. The locking tabs shall be
secured with tie wraps or tape.

4)  Appropriate spill control shall be used at each apparatus, equipment or hose connection.
This can be done by placing absorbent pads, plastic drop cloths, drip pans or pails under
each connection.

Pumps filter presses and filters.

1) Pumps and filter presses shall be grounded to the substation ground. If oil is being
handled in locations other than substations all equipment should be bonded together
and connected to system or earth ground.

Transformer Bushings

1) Alltransformer bushings should be bonded together and connected to the transformer
tank or system ground prior to pumping oil.

The following should be monitored while oil is being pumped.

a) The ends of discharge pipes and hoses should below the oil level in tankers and
drums to prevent splashing of oil which will create static charges.

b) Fluid levels to prevent over-filling of drums, portable storage tank, tanker or electrical
apparatus. Storage containers require adequate head space for expansion of oil due
to temperature changes.

c) Apparatus, hoses, and equipment connections for oil leaks. If leaks are observed,
immediately stop transfer operation until leaks can be corrected.

Before disconnecting hoses.

1) Each valve shall be checked to determine that it is in the proper position (open or
closed).

2) If PCB fluid was processed, flush equipment and hoses with non-PCB oil.
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14.

15.

3) During the removal of hoses, care shall be taken to ensure that oil remaining in the hose
is contained. Hoses shall be drained of oil before storage.

4)  All valves shall be inspected to verify that plugs and connections are sealed and leak
free. Threaded pipe plugs shall be reinstalled using Teflon tape. Steel and galvanized
plugs should be replaced with brass plugs.

13.7 Apparatus that was worked on shall be inspected for any additional leaks.

1) If leaks are found they should be repaired, if possible. Leaks that can not be
immediately repaired should be contained with absorbent pads or other appropriate
measures.

2)  Notify your Supervisor of any leaks that were repaired or need repair.
13.8 The apparatus and work area shall be left clean and free of oil stains.

Substations with Hazardous Waste Generator ID’s.

14.1 Hazardous wastes shall not be removed from substations or other locations with
Environmental Protection Agency (EPA) Hazardous Waste Generator ID’s.

14.2 Hazardous wastes should be properly labeled and stored in that stations hazardous waste
accumulation or storage areas.

14.3 New England Substations with EPA ID’s on 7/25/2006.
1) Bellows Falls Switchyard
2) Salem NH Operations Center
3) Lebanon NH Operations Center
4)  Vernon Switchyard
5) Wilder Switchyard

Return of Rental Tank Trailers (MSDS and Bill of Lading)

15.1 The instructions in this section are only applicable to non-PCB oil residue. If the residual olil
contains PCBs contact your Environmental Engineer for instructions.

15.2 When returning tankers a Bill of Lading and MSDS sheet may be required to cover the
transport of the residual oil to the trailer wash facility.

1) Appendices D and E contain a printable Bill of Lading and instructions.
2) Appendix F contains instructions for obtaining a MSDS sheet.

15.3 The person, or organization, who ordered the tank trailer is responsible for insuring the MSDS
and Bill of Lading are available when the trailer is picked up. (Contractor, FCC, Local
Substation etc.)

15.4 One copy of the MSDS sheet and one copy of the Bill of Lading should be given to the driver
who picks up the tank trailer.
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16. Appendix A - Material List

Stores Code
Broom 8830-5462735
Shovel 8830-5483065
Gloves - Heavy Duty Granflex 8830-8023190
Speedy-Dry Absorbent 8830-5591200
Plastic Drop Cloth - 9 x 12 8830-5466130
Plastic Pail - 10 Qt 8830-5478045
Duct Tape - 2" 8830-5486488
3M Absorbent Pillows 8830-5478400
3M Absorbent Pads 8830-5482700
Tyvek Suit 8830-466860,1,5
ANDAX PAC 44 8830-5475070
ANDAX BARREL PAC N/A
Substation Maintenance Procedure — # SMS 430.20.2 Liberty Utilities
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17. Appendix B - PCB Classification and Testing

17.1 General.

1)

2)

3)

This appendix summarizes the information found in the Waste Management and
Recycling Procedure (EP-1). EP-1 should be reviewed and its contents understood.
The local Environmental Engineer should be contacted for any questions.

This appendix applies to PCB classification and testing of oil in substation apparatus.
The PCB content of oil shall be determined before the oil is handled. If the PCB content
is unknown, then a field test shall be done to determine the PCB concentration.

Reasons for concern include: waste handling, waste stream mixing, personnel protection
and environmental protection.

17.2 PCB Classification and Labeling.

1)

2)

3)

4)

5)

These classifications are a combination of the EPA regulation and EP-1. Classification

of new oil in a tanker can be determined by the shipping paper or the MSDS sheet

required with the oil delivery.

No-PCB - Oil with no detectable concentration of PCB's.

a) There is usually a manufacturer's label or statement on the nameplate that at the
time of manufacturing the equipment was less than 2 ppm or PCB free.

Non-PCB - Oil that has a PCB level below 50 ppm.

a) The label is either a blue and silver label or the notice label sating that the equipment
was tested and found to be non-PCB.

PCB contaminated - Oil that has a PCB level 50 ppm to below 500 ppm.

a) The label will be a yellow sticker (New England) stating that the equipment is
contaminated with PCBs at or below 500 ppm.

b) PCB - Oil that has a PCB level 500 ppm or greater.

c) The label will be a large yellow label stating that the equipment has a PCB
concentration greater than 500 ppm.

PCB Fluid - EP-1 defines any oil with a PCB level 50 ppm or greater as a PCB Fluid.
This term is used to refer to any PCB contaminated oil in this document.

17.3 Field Testing

1)

2)

3)

Clor-N-Oil 50 Test Kit - Test results are under 50 ppm.

a) - Attach a field test label with test kit number and date per the EP-1.
b) Test results show greater than 50 ppm.

Clor-N-Qil 50 Test Kit - Test results are 50 or over ppm.

a) Re-test with Clor-N-Oil 500 Test Kit.

Clor-N-Oil 500 Test Kit - Test results are under 500 ppm.

a) Attach a PCB Contaminated Label on the apparatus.

b) Draw a sample for lab testing. See Laboratory Testing.
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4)

Clor-N-Oil 500 Test Kit — Test results are 500 or over ppm.
a) Attach a PCB Label on the apparatus.

b) Draw a sample for lab testing. See Laboratory Testing.
c) Notify the O&M Supervisor at once.

d) Notify the Local Environmental Engineer.

17.4 Laboratory Testing

1)

2)

3)

4)

Using the method described in the Oil Handling Procedure, Section 9.0; obtain a 4
ounce oil sample from the apparatus. If the apparatus has multiple compartments a
sample from each compartment is required (i.e. three tank OCB or LTC compartment).

Label each sample with the substation name, apparatus Reference Number,
dispatcher’s designation, and apparatus serial number. Each compartment requires
individual identification (i.e. three tank OCB as A, B and C or transformer with LTC as
LTC and main tank).

Obtain a "D" Number from Substation O&M Services PCB Coordinator and send the
sample to a company approved lab.

The lab test results will be sent to Substation O&M Services PCB Coordinator and the
appropriate label and memo will then be issued to the field location.
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18. Appendix C - Tank/Tanker Inspection and Form
18.1 General.

1) Atank or tanker left at a substation with oil stored in it shall be inspected monthly. This
appendix summarizes the inspection and the information that should be recorded.

2) If atank or tanker is left at a substation with oil in it, the local Environmental Engineer
shall be notified.

18.2 Inspection.
1) The tank or tanker and all associated equipment shall be inspected for signs of leaks.
2) Check to ensure all valves are secured.
3) The landing gear and wheels shall be inspected to assure that the tanker is stable.
18.3 EXAMPLE INSPECTION FORM

SUBSTATION DATE
Tanker No.

Tank Description

Reason for Oil Storage

Name of Local Environmental Engineer Notified

DATE NAME Leaks Valves Stability Remarks
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19. Appendix D — Printable Bill of Lading

BILL OF LADING

Shipper No.
Carrier No.
Date
TO: FROM:
Consignee Shipper Liberty
Street Street
Destination Origin
Route
No. Kind of Packaging, Description of Articles
Shipping | HM Special Marks and Exceptions Weight Rate | Charges
Units
N/A N/A RESIDUE — Mineral Oil Dielectric Fluid

N/A N/A N/A

RA # Non DOT Regulated

TANK WASH

RECEIVED, subject to the classifications and lawfully filed tariffs in affect on the date of issue of this Bill of Lading, the property described
above in apparent good order, except as noted (contents and condition of contents of packages unknown), marked, consigned, and destined as
indicated above which said carrier ( the word carrier being understood throughout this contract as meaning any person or corporation in
possession of the property under contract) agrees to carry to its usual place of delivery at said destination , if on its route, otherwise to deliver to
another carrier on the route to said destination. It is mutually agreed as to each subject to all the bill of lading terms and conditions in the
governing classification on the date of shipment.

Shipper hereby certifies that he is familiar with all the bill of lading terms and conditions in the governing classification and the said terms and
conditions are hereby agreed to by the shipper and accepted for himself and his assigns.

SHIPPER Liberty Utilities

CARRIER
PER

PER
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20. Appendix E —Bill of Lading Instructions

BILL OF LADING

Shipper Mo @

Version 1.0 — 04/01/15

Carrier Mo,
Date ﬁ)
TO: FROM: _ _
Consignee Shipper Mational Grid
Street Street 3
Destination Origin 4 )
Route
e Kind of Packaging, Description of Articles
Shipping | HMW Special Marks and Exceptions Weight Rate Charges
Units
NFA N/A - | RESIDUE — Mineral il Dielectric Fluid TNIF A A A
RA# MNonDOT Regulated
TAMNKWASH

RECEMED, subject to the classifications and lawiully filed tariftz in affect on the date of iszue of thiz Bill of Lading, the property described above in
apparent good order, except a5 noted (contents and condition of conterts of packages unknown), marked, consigned, and destined as indicated above
which said carrier [ the word carrier being understood throughout this corfract s meaning any person or corporation in possession of the property

under contract) agrees to carry to its usual place of delivery st =aid destination | if on its route, otherwizeto deliver to ancther carier on the route to said

SHIPPEE Mational Grid

destination. 1t iz mutually agreed as to each subject to all the hill of lading terms and conditions in the governing classification on the date of shipment.

Shipper herelry certifies that he s familiar with all the hbill of lading terms and conditions in the governing classification and the said terms and
conditions are hereby agreed to by the shipper and accepted for himself and his sssigns.

PEE @

CARERIEE

DER

@ Enter the Shipper No.

Use the first 4 letters of the substation name skipping spaces..
Ex. New Scotland Substation = NEWS

Add the pickup date as ###H##H (6 digits)
Ex. November 7, 2009 = NEWS110709

If more than 1 tank trailer add an A, B, C etc. to the end. — EX. NEWS110709A
@ Enter the Pickup Date - Ex. 11/07/2009

@ Enter the Street Address - Ex. 152 New Scotland South Road

@ Enter the City, State, ZIP - Ex. New Scotland, NY 12159

@ Sign your Name as Liberty Utilities Representative

The driver picking up the tanker will fill out the remaining required items on
the Bill of Lading
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21. Appendix F —Instructions for Obtaining MSDS Sheets

21.1 MSDS Sheet can be printed from the INFONET Safety Web Site.

1)
2)
3)
4)
5)
6)

7
8)

Open the INFONET Web Site.
Click on [site index] in the top menu.
Click on [Safety] in the third column.

Click on [Material Safety Data Sheets] in the right side menu.
Click on [Liberty Utilities (Dolphin) Site] near the end of the text block.

In the search block at the top left enter:

a) CROSTRANS 206 if the oil residue is Cross 206 and click on the magnifying glass

symbol.

b) HYVOLT Il if the oil residue is ERGON HYVOLT Il and click on the magnifying glass

symbol.

c) If the oil residue manufacturer is unknown (used oil) either MSDS sheet can be used

as a generic MSDS.

Click on the magnifying glass symbol next to HYVOLT Il or CROSTRANS 106 & 206.
Click the printer symbol in the browser (Internet Explorer) top menu or use File-Print to

print the MSDS.

22. Record of Revisions

Date Rev # Description Lead/Author
Initial Version of Liberty Utilities document.
04/01/2015 1.0 Updated from National Grid document to be Robert J Johnson

NH Specific.
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INTRODUCTION

This procedure has been developed to ensure proper work areas are established in substations for
maintenance, construction, or high-voltage testing activities.

PURPOSE

Equipment and Equipment Bays in substations can appear similar. Work areas must be properly
identified for the equipment to be worked on. Setting up a proper work area is accomplished by marking
a boundary between the designated work area and the energized area through the use of a tape
barricade, flags, and approved barriers.

The purpose of this procedure is to establish a work practice that shall be followed b y employees, to
ensure specific steps are taken, before work is performed in a substation, to identify areas which have
been identified for work entry and areas that shall not be entered.

This procedure defines work area identification for work in electrical substations.

Applications of barricades, flags, or signs are to be installed as directed by the person in charge of the
work and as indicated on the Job Brief. The preferred method is to obtain the Clearance, if required,
install the appropriate work area identification materials at ground level, and test de-energized and
ground apparatus to be worked on. Install additional red flags in elevated positions to further delineate
energized circuits or apparatus as necessary. Minimum Approach Distances shall be observed at all
times.

A NTABILITY

Substation and other Supervisors supervising inspection and maintenance activities.

Substation and other Workers performing inspection and maintenance activities.

COORDINATION
Not Applicable.

REFERENCES

Liberty Utilities Employee Safety Handbook and Procedures
LU-EOP G014 - Clearance and Control

LU-ENG-SUBO001 Chain Link Fence

LU-ENG-SUBO003 Substation Grounding

DEFINITION
Not Applicable.
TRAINING

Technical Training Course
On-The-Job-Training

Annual Expert Training
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DOCUMENT CONTENTS
Table of Contents
1.0 GEINERAL ...ttt ettt e e e ettt e e e e et e e e a e e e e ettt e e e e nne e e e e ane e e e anneeeean 3
20 WORK AREA BOUNDARY DESIGNATION .....cciiiiiiiieiiiiie et 3
3.0 BARRICADES ...ttt et e s s e e e s nn e e e e e e 4
4.0 IDENTIFYING AND MARKING AERIAL HAZARDS .......ooo it 10
5.0 TEMPORARY TEST AREAS ... ettt 12
6.0 DESIGNATED MATERIAL & EQUIPMENT STORAGE AREAS.........coooieeee e 15
7.0 MATERIALS LIST .ttt ettt et e e s e e et e e e s s e e nanne s 16
8.0 APPENDIX A - PORTABLE FENCE PANEL DETAILS ......ooiiiiiiiiiie e 17
9.0 REVISION HISTORY ..ttt ettt ettt e e ekt e e e sttt e e e bt e e e nbe e e e eneeeas 18
Substation Maintenance Standard — # SMS 499.10.2 Liberty Utilities

11-054




Docket No. DE 19-064
Substation Policies - Liberty
Page 55 of 73

SUBSTATION MAINTENANCE Doc. # SMP 499.10.2

== Liberty Utilities Procedure Page 1 of 18

Substation Work Area Identification Procedure Version 1.0 4/1/2020

1.0 GENERAL

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

This procedure must be utilized when work is to be performed on equipment switched out
and tagged in accordance with the Clearance and Control Procedure EOP G014 in an
energized substation. It shall also be utilized when construction or maintenance activities
need to be delineated from energized equipment or when construction is being performed
in close proximity to energized equipment and tagging under the provisions of EOP G014
are not used. Exceptions to this procedure are work activities such as routine operations
or inspections, (switching, V&O Inspection, or readings) that are being performed that do
not require a formal tagging procedure.

Only qualified employees shall determine the work area boundary designations and the
required location of the barriers and/or barricade to be installed.

The Qualified person in charge of the work at the job site shall be responsible for the
compliance with this procedure.

Only qualified employees may install work area barricades (cones, tape, and flags) for the
designated work and/or test area.

Before beginning work, there will be a documented Job Brief during which boundaries of
the established work areas, test areas, and the associated hazard areas will be reviewed.

When installing barricades, employees must observe minimum clearances. Refer to the
Employee Safety Handbook for the Minimum Approach Distance Tables

For work on equipment switched out and tagged under the EOP G014 procedure, in an
isolated area of an energized substation, modification of this procedure is permitted with
the approval of an appropriate management representative and the lead person. Any
modification shall be documented on the Job Brief.

For Mobile Substation installations where the minimum clearance to unguarded live parts
to personnel on foot cannot be maintained following established electrical clearance
tables, additional barricades such as vinyl fencing or barricade tape, along with signs that
indicate overhead energized conductors, is required

The applicable section of this procedure shall be followed for work activities that require
the installation of temporary fencing to ensure protection to the general public.

20 WORKAREA BOUNDARY DESIGNATION

2.1

2.2

23

24

Barriers — A barrier is a physical obstruction that is intended to prevent contact with
energized lines or equipment. Electrical Barriers purchased shall be manufactured for this
intent.

Barriers should be used, where necessary, between workers and exposed energized
equipment on all electric construction or maintenance work.

Barriers should be used, where necessary, to protect energized equipment from contact
with tools or materials that may cause damage to equipment and where such contact
might cause injury to workers working nearby.

Rubber blankets may be used as barriers, provided that care is taken to keep the blankets
from being cut by sharp objects. Rubber blankets should only be used on jobs of short
duration, since corona cutting of the rubber may take place when the blankets are placed
immediately adjacent to energized equipment. Barriers shall be kept clean, dry, and used
appropriately.
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2.5 Rubber Gloves shall NEVER be used as a substitute for a barrier or covering to protect
against contact with ends of cables, pot-heads, bushings, etc.

2.6 A temporary barrier shall never be held in place by another employee, by hand, while work
is in progress. This does not exclude the existing practice for the use of barriers attached
to a live line tool.

2.7 See Figure 3 and Figure 4 for more details.

3.0 BARRICADES

Barricading is the use of a visual warning intended to indicate a hazard and to limit access to the area.
Employees shall identify the work area through the use of tape and flags. By “OUTLINING” the work
area, employees will be able to judge more accurately the proximity of themselves or other personnel to

energized equipment.

3.1 Tape Barricade

3.1.1

3.1.5
3.1.6

3.1.7
3.1.8

3.1.9

Approved Barricade tape should be used to outline the work area boundary. The
use of Barricade Tape minimizes the possibility of workers misinterpreting the
work area boundaries and the location of adjacent energized equipment.

Barricade Tape should be tied in place on the structure, where possible.
lllustrations show examples that will fit typical situations of substation
construction and/or work activities that must be done at those locations.

When used at ground level or working surface, Tape Barricade should be placed
between three (3) and five (5) feet above the ground or any surface on which
workers may be located. In the event that there are no structures to attach the
tape, traffic cones or other suitable supports may be used as a support for the
tape.

Under certain weather conditions, such as high winds, the use of tape barricade
may be limited with local substation supervisor approval, when the use of the
tape barricade creates a greater hazard at the job site.

Tape Barricades are not to be used as substitutes for barriers.

Yellow flags shall be used to identify the entry/exit point of the designated work
area. Multiple entry/exit points are acceptable.

Barricade tape shall not be crossed by personnel.

Barricades shall be located no closer than the minimum approach distance plus
the reach of a worker and the length on any conductive tool that might be used in
the work area.

In certain applications, (i.e. Mechanism Inspection), the use of a cone or clip on
yellow flag at the work area can be used in lieu of full barricade tape installation.

3.2 Barricade Flags

3.2.1 Red Flags shall be used as necessary to further identify any energized
equipment located within the work area and/or test area.

3.2.2 Red Flags shall be located no closer than the minimum approach distance plus
the reach of a worker and the length on any conductive tool that might be used in
the work area.
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3.3 Vinyl Fence

3.3.1

3.3.2

3.3.3

3.34

3.3.5

3.3.6

3.3.7

3.3.8

3.3.9

3.3.10

Orange vinyl fence fabric may be used as an additional barricade for mobile
substation installations to further outline an area that may be energized.

The vinyl fence shall be used within an established metal fabric substation
perimeter fence of standard height.

Vinyl fence fabric shall not be solely used outside of an established metal fabric
substation perimeter fence to barricade the general public from energized circuits
or apparatus. Additional temporary metal fencing shall be installed.

Vinyl fence shall not be stacked to establish additional fence height. A single roll
of four (4) foot vinyl fencing material shall be used in this application.

Vinyl fence shall be properly secured to temporary posts or structures for support
and to prevent a hazard during high winds.

Temporary posts with pedestal based plates with ballast shall use to support the
vinyl fence during the installation. If standard metal fence posts are to be used,
UG facilities must be located and marked within the substation yard work area
before support posts are driven into the ground.

Temporary vinyl fencing shall not be crossed over by personnel. Temporary vinyl
fencing shall be rolled back to allow entry into the delineated area.

If a work area is to be established adjacent to the temporary vinyl fencing,
Barricade Tape shall be applied to the vinyl fence to further delineate between
the two designated work areas.

If overhead conductors are located within the vinyl fenced in area, a “Caution —
Overhead Live Equipment” sign(s) shall be mounted on the temporary vinyl fence
as a reminder to workers of energized circuits.

Wooden slat snow fencing with wire strapping shall not be used for temporary
fence as outlined in this section.

3.4 Temporary Metal Fence or Portable Panel Fence Installations

3.4.1

3.4.2

3.4.3

3.4.4

Temporary metal fencing for use during construction or for mobile substation
installation may be comprised of conventional chain link fence components or an
assembly of portable self-supporting fence panels as outlined in SP.03.05.001
Chain Link Fence Specification.

Dig Safe protocol shall be employed prior to exaction for fence posts and driving
ground rods.

Portable fence panels shall ensure no object or grade change is close enough to
compromise the effectiveness of the fence as a barrier to unauthorized access.

Portable fence panels shall be rigidly linked together and supported with
hardware that cannot be removed from outside the fence. Panel pipe base shall
be weighted down with sand bags or equivalent weights to prevent moving or
tipping. Refer to Appendix A for portable fence panel details.
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3.4.5 Gates for temporary fencing or removable panels shall be either hinged or
removable panels attached with connecting hardware or hinges at top and
bottom aligned such that they cannot be removed from outside the fence or lifted
off the hinge pins.

3.4.6 Temporary fence posts shall be embedded a minimum of 2.5 feet into
undisturbed earth. End, corner, and pull posts may need deeper embedment
based on soil conditions. Posts may be embedded in concrete. Drive anchor
assemblies are acceptable. Post spacing shall not exceed ten feet. Fabric shall
be pulled tight utilizing tension bars and bands to secure the fabric.

3.5 Grounding

3.5.1 Install a 9/16 inch 19 strand Copperweld wire along the length of the fence on the
station side (to deter theft).

3.5.2 Wire shall be bonded to each and every post, every other post for portable
panels.

3.5.3 Gates shall be bonded to the Copperweld wire via a braided flexible copper
conductor.

3.5.4 At gate crossings, the Copperweld wire shall be buried six inches below the
ground surface.

3.55 If soil conditions allow, a ground rod shall be driven every 20 feet and bonded to
the Copperweld wire.

3.5.6 Where the fence joins an existing substation fence, the copperweld wire shall be
bonded to the station ground grid.

3.6 Signs

3.6.1 Temporary fence shall have signs installed per Substation Maintenance Bulletin
SMB 499.06.H.001 Substation Signs.

3.6.2 Install "Danger-High Voltage Within-Keep Out" Signs per specified installation
guide.

Substation Maintenance Standard — # SMS 499.10.2 Liberty Utilities
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3.6.3  The unhinged side of single gates one (1) foot from gate post on each side of
fence at least every 50 feet.
Danger Signs (ltem ID 8830-0810029) and No Trespassing Sings (Item ID 8830-
5483190) may be obtained through the Liberty Utilities storeroom.

3.6.4

I ADANGER

Hazardous voltage.
[ J

KEEP AWAY! *?\

Will shock, burn, Cause severs injury or death
if found open or unlocked, call

Liberty Utiities 1-800-782-2506 gy Liberty Utilities

Figure 1 - Danger Sign

I NOTICE |

Private property.
NO TRESPASSING!

Violators will be
prosecuted.

Figure 2 - No Trespassing Sign

Substation Maintenan

ce Standard — # SMS 499.10.2

Liberty Utilities
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Section 1 Work Area Boundary Designations
DIAGRAMS FOR USE OF TAPE BARRICADES AND FLAGS

Solidl%/ drawn lines indicate taped off work zone areas. Yellow Flags are used to
Indicate the work area entry/exit path. Red Flags may be placed on structures for
Added awareness to further identify energized circuits or apparatus.

TYPICAL OUTDOOR SUBSTATION STRUCTURE APPLICATIONS

QOutdoor Work

FENGE Area ldentification _/ \—
ot st I st ot o S S T A i e
GATE

-

TRUGK

KEY: X Work Area “Tape Barricade F'Yellow Flag FI‘!Eﬂ:l Flag ‘Orange Cone

TYPICAL INDOOR SUBSTATION APPLICATIONS

Cable Disconnect

Doors and Corridors Compartments, etc

—__CORRIDOR ™~ ™~ A B c A B

/ TAPE BARRICADE

L X AT

“‘xxx

E‘]
L]

K

o O

1442 1442 1442 1444 144

Figure 3 — Section 1 Work Area Boundary Designations Diagrams for use of Tape Barricades and Flags

Substation Maintenance Standard — # SMS 499.10.2 Liberty Utilities

11-060




Docket No. DE 19-064
Substation Policies - Liberty
Page 61 of 73

SUBSTATION MAINTENANCE Doc. # SMP 499.10.2
== Liberty Utilities Procedure Page 1 of 18
o Substation Work Area Identification Procedure Version 1.0 4/1/2020

Section 1 Work Area Boundary Designations
DIAGRAMS FOR USE OF ORANGE VINYL FENCE

Solidl¥ drawn lines indicate an area outlined by temporary Vinyl Fencing. Designated area outlined b
Vinyl Fencing shall be kept closed when no activity Is being conducted In the designated area. Red Flags
maybe placed on the temporary sugport posts or structures for added awareness to further identify
energized circuits or apparatus. When circuits are directly above the designated area, the “Caution —
Overhead Live Equipment” sign shall be mounted on the temporary Vinyl Fencing.

TYPICAL TEMPORARY ORANGE VINYL FENCE INSTALLATION
Mobile Substation Within Substation Yard

@

STATION STRUCTURE

TYPICAL TEMPORARY ORANGE VINYL FENCE INSTALLATION

Mobile Substation Outside Substation Yard

- -

HV MOSILE SUB

1
|
|
|
|
STATION STRUCTURE i
|
|
|
|

/ TEMPORARY METAL FENCE .

r—-= r—= r==
| | |
I R R AN

KEY: == Vinyl Fence I:I Yellow Flag F Red Flag ‘ Orange Cone = Sign

Figure 4 — Section 1 Work Area Boundary Designations Diagrams for use of Orange Vinyl Fence
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40 IDENTIFYING AND MARKING AERIAL HAZARDS

4.1 In the event that energized equipment is directly above the work area and creates an
electrical hazard, additional precautions shall be taken.
4.2 Using extension ladders or step ladders, red flag(s) shall be placed at or below the safe
boundary point on the ladder. The red flag shall not be crossed over.
4.3 When the red flag(s) are placed on structures or ladders, do not violate approach
distances in establishing a safe work zone from overhead energized circuits or apparatus.
4.4 Red Flags used to identify energized hazards overhead, shall be installed prior to working
from lifts, work platforms, aerial equipment, or other means that allow work from an
elevated position.
4.5  Additional red flag(s) may be placed on structures for added awareness to further identify
circuits or apparatus that are energized above.
4.6 Additionally, signs indicating energized circuits overhead (Figure 5) shall be placed at
appropriate locations to remind employees of the energized hazards above.
4.7 In places where red flags cannot be installed on structures, signs may be used in place of
red flags with the concurrence from supervision.
4.8 See Figure 6 & Figure 7 for more details.
OVERHEAD LIVE EQUIPMENT
Figure 5 - Substation Overhead Live Equipment Sign
Substation Maintenance Standard — # SMS 499.10.2 Liberty Utilities
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Section 2 Work Identifying Aerial Hazards
DIAGRAMS FOR USE OF TAPE BARRICADES AND FLAGS

[ e
: : Pl : Solidly drawn line indicates taped off energized areas
i L __:_: within the existing construction. “X” shows location of
x| 77 ! work area. Cones and Yellow Flags designate safe
—- ,  entry/exit path.
—

TYPICAL SUBSTATION STRUCTURE APPLICATION

When working in an elevated position, Red Flag(s) shall be installed on the extension
ladder along with warning signs on the structure to identify energized circuits above.
Additional Rad Flags may be placed on structuras for added awarenass to furthar identify

energized circuits or apparatus.
— % Gr oG

™. ENERGIZED _~ ™ _ ENERGIZED »
CONDUCTORS CONDUCTORS

‘ ‘ Additional Tape
/ _~| Baricada
]

Additional Red Flags oA}

Red Flag shall bs placed or // X

extension ladder to indicate
elecirical hazards energized above

Wnrk m————————
|
Working off Properly ] Area I ENE;:\:,ZEJ |
Secured Extension — AP oy S, [
Ladder /
KEEF CLEAR r g KEEP EAR
n o Owarhead Live | .
LIVE FOLIPAENT Equipment Sign / IVE EOUIPRENT

oD/ B

— t -
Yellow ¢ Black
Tape Bamicade

SN SN FLENNNS LS Fs P AT i I

Figure 6 — Section 2 Identifying Aerial Hazards Diagram for use of Tape Barricades and Flags
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Entey/Enit
Path

Figure 7 — Identifying Aerial Hazards Diagram

5.0 TEMPORARY TEST AREAS

5.1

5.2

5.3

This section applies to temporary testing with test equipment that operates at voltages
greater than 600 volts. All test sets and cables shall be located within the boundaries of
the test area. Any vehicle containing active (energized) test equipment shall also be within
the boundaries of the test area and grounded.

If employees are present within the test area during testing, an observer shall be
designated and capable of implementing the immediate deenergization of test equipment,
if so designed, for safety purposes.

Temporary test areas shall be barricaded with yellow/black tape barricade and yellow flags
to identify the safe entry/exit point. Placement of barricades shall be based on the
applicable minimum approach distances associated with the nominal test voltage(s)
applied to the equipment (Allow for increased voltages stepped up from applied voltages).

Substation Maintenance Standard — # SMS 499.10.2 Liberty Utilities
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During an active test, yellow/black barricade tape shall be placed across the safe
entry/exit point to prevent inadvertent entry into the active test area.

5.4 As an alternative to the use of a barricade tape, the test area may be guarded by one or
more test observers stationed such that the complete active test area (all equipment that
will be energized as a part of the test) can be monitored.

5.5 A work area boundary may be used as a test area boundary provided that during an active
test, barricade tape is placed across the safe entry/exit point to prevent inadvertent entry
into the active test area.

5.6 If the original work area boundary is to be used by the test crew, one of the following
options shall be used:

5.6.1 Original work crew may be asked to stop work and exit work area in order for
tests to be completed.

5.6.2  Test crew may set up an additional work area boundary within the original work
zone established and ensure entry point is closed during active tests.

5.7 Prior to the initial application of test voltage, the person in charge of the test shall conduct
routine safety checks and shall verify at the following conditions:

5.7.1 Work area identification is properly installed or as modified and documented on
the Job Brief.

5.7.2 System test status signals, if used, are in operable condition (i.e. strobe).

5.7.3 Test power disconnects are clearly marked and readily available in an
emergency, (i.e. safety switches).

574 Ground connections are clearly identified.

5.7.5 Required personal protective equipment is being used.

5.8 See Figure 8 for more details.

Substation Maintenance Standard — # SMS 499.10.2 Liberty Utilities
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Section 3 Temporary Test Areas
DIAGRAMS FOR USE OF TAPE BARRICADES, CONES, AND FLAGS
Solidly drawn lines indicate taped off work zone areas. Yellow Flags are used to indicate the work area

entry/exit path. Work area entry path must be closed during active tests. Red Flags may be placed on
Structures for added awareness to further identify energized circuits or apparatus.

TYPICAL TEMPORARY OUTDOOR TEST AREA

Qutdoor Temporary Test
Area ldenlification
r— - - = - = = === m
________ [
I I
: ENERGIZED 4 Close Entry \
________ | Fath During
e Active Test GATE

TRUCH

KEY: X Work Area ™ Tape Barricade PYellow Flag FRad Flag ‘ Orange Cone

TYPICAL TEMPORARY INDOOR TEST AREA

Close work area entry path during active tests. For constricted locations
close off entire work area with tape barricade.

Doors and Corridors Multiple Installations
= ey =
. 191010
i foilol o} I
I c___+v — 1 _— 4 |
[ I I B | [
Al 5
o i ] |
I 1 I I I |
: I .[:} 1 (:. I (:‘,. | :

Figure 8 - Section 3 Temporary Test Areas Diagrams for use of Tape Barricades, Cones, and Flags
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6.0

NATED MATERIAL & EQUIPMENT STORAGE AREA!

If a need is identified to establish a designated material or equipment storage area for stored assets
within substation yards, the following shall be followed:

6.1 Substation Management shall be contacted to establish designated storage areas and
bonding requirements of stored assets within Substation yards

6.2 Per OSHA regulations and internal procedures, no materials or equipment shall be stored
under energized bus, energized lines, or near energized equipment, if it is practical to
store them elsewhere. When materials or equipment are stored under energized lines or
near energized equipment, applicable clearances shall be maintained; and extraordinary
caution shall be exercised when moving materials near such energized equipment.

6.3 Stored assets shall be a minimum of ten (10) feet from the perimeter fence.

6.4 Stored assets such as power transformers, circuit breakers, connex containers, roll offs,
metal conductor reels, or other metallic objects with a large footprint, shall be bonded to
the substation ground grid.

6.5 Other stored small or miscellaneous assets (i.e. conduit) that may be isolated from the
substation yard with pallets, cross arms, planks, or timber, need not be bonded to the
substation ground grid.

6.6 A minimum of a #2 bonding wire shall be used for bonding of stored assets to the
substation ground grid.

6.7 Designated Storage Area signs (Figure 9) shall be placed around the perimeter of the
designated storage area. Generally, signs should be no more than fifty (50) feet apart and
should face into the designated storage area.

6.8 If the site selected cannot meet electrical hazard clearances, it must be deemed a
temporary storage site and a qualified person must be present to observe the
loading/unloading process. A temporary storage area is not placarded.

= ™)
DESIGNATED STORAGE AREA
CHECK FOR CIRCUIT AND EQUIPMENT ABOVE AND

ADJACENT TO STORAGE AREA
OBSERVE MINIMUM APPROACH DISTANCES TO ALL
CIRCUITS AND EQUIPMENT
= J
Figure 9 - Substation Designated Storage Area Sign
Substation Maintenance Standard — # SMS 499.10.2 Liberty Utilities
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L0 MATERIALS LIST

The Standard Barricade materials to be used with Substation work area identification are:

Stores Code

8002231
8002050
8002054

8002049

0809974
0811225
0811224
0810400
5460815

Description

Cone, Traffic 28 in. high, 14 in. base. Orange

Flag, Radiant Red, 18 x 18, Vinyl Impreg Nylon, w/staff
Flag, Radiant Yellow, 18 in. x 18 in., w/Stiffener

Flag, Nylon, Red, Florescent, 13 x 13, w/Wood Clamp

Flag, Nylon, Yellow, Fluorescent, 13 x 13, w/Wood Clamp
Tape, Safety Barrier, Plastic Weave 2” x 200”

Live Overhead Sign, Yellow/Black

Designated Storage Area Signs for Substations

Cone Bar, Plastic Retractable, Yellow/Black

The following optional materials may be purchased separately to facilitate the installation of the
standard work area identification materials within this procedure.

Magnetic Holders

Cone Bars

Cone Adaptors

Used to facilitate the installation of the Caution
Overhead Live Equipment sign and/or tape barricade on
substation steel structures. Available through American
Safety Utility Corporation, PO Box 1740, Shelby, North
Carolina 28151. (1.800.438.6013).

Used as the tape barricade system or to close the safe
entry/exit point to prevent inadvertent entry into an active
test area. Cone Bars are available in NE through the
storeroom; others contact American Safety Utility
Corporation, PO Box 1740, Shelby, North Carolina
28151. (1.800.438.6013).

Used to support straight shaft flags and tape barricade
on existing traffic cones with large openings on top.
Available through Eastern Metal, 1430 Sullivan Street,
Elmira, NY 14901. (1.800.872.7446).
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8.0 APPENDIXA-PORTABLE FENCE PANEL DETAILS
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Z INSTALLER TD SECLRE PAMELS TOGETHER AT TOP OF PANELS WITH
SADDLE CLAMPES WITH CONNECTION MADE INSIDE SUBSTATION YARD.
ALL FENCE FABRIC SHALL BE MECHANICALLY SECURELY FASTENED TO
THE FENCE POSTS.

8 FIELD TO INSTALL TYPICAL L-BOLT CONNECTOR [TEM (D 0804478
TO EVERY OTHER 2* POST FOR GROUNMD WIRE CONNECTION FOR
USE WITH 878 INCH 19 STRAND CUWELD ITEM D 4015876 TO
SUBSTATION GROLIND GRID.
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2.0 REVISION HISTORY

Version _Date  Description of Revision

1.0 04/01/20

Updated National Grid version to be NH specific
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INTRODUCTION

Thermographic Inspection is a quick and cost effective means to detect common electrical
problems that result in an abnormal temperature.

It is one of the most important tools used in preventive maintenance.
PURPOSE

The purpose of this standard is to provide temperature guidelines for Thermographic
Inspection.

Thermographic Inspection detects abnormal operating temperatures of substation apparatus,
while in service, long before discoloration is visible.

ACCOUNTABILITY

Substation and other Supervisors supervising inspection and maintenance activities.
Substation and other Workers performing thermographic inspection activities.

COORDINATION

Not Applicable

REFERENCES

Liberty Utilities Employee Safety Handbook and Procedures
Flir Camera Operating Manual

DEFINITIONS

Not Applicable

TRAINING

Flir Thermographic Camera Technical Training Course
On-The-Job-Training

Annual Expert Training

DOCUMENT CONTENTS
Table of Contents
T O T €1 = N | = 7 I 2
2.0 SCHEDULE ..o e et et e ettt et et e e et e e e e e e et et s e st et e e e e e e aaenas 2
3.0 TEMPERATURE GUIDELINES ..o oottt e e e e e r e e e aas 2
O 17N = I 3
5.0 REVISION HIST O RY ottt ettt ettt ettt ettt ettt e st e e et e b et s e et ta e s e e e en e e s eneens 3
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1.0 GENERAL

11 Typical problems that are detected include:

111 Poor connections

1.1.2 Annealed or deteriorated wire

1.1.3 Loose or corroded bolted connections

114 Poor jaw to blade contact in disconnecting devices

1.15 Poor moving or braided connections

1.1.6 Undersized wire

1.2  Thermographic Inspections do not require service interruptions or covers to be removed
from many types of apparatus.
1.3 Temperatures measured by Thermographic Inspection are approximate temperatures.
1.4 Problem areas are easily prioritized to those requiring immediate attention and those that
can wait for corrective action.
2.0 SCHEDULE
2.1 Each substation should have an overall Thermographic Inspection at least once a year.

Preferably at peak load periods.

2.2 Any apparatus that shows signs of excessive temperature should be corrected in
accordance with the temperature guidelines below.

2.3 Such apparatus requires a Thermographic Inspection Report be filled out for corrective
action.

3.0 TEMPERATURE GUIDELINES

3.1 Liberty Utilities has defined the following temperature increases, above reference
temperature, as a guideline for scheduling repair.

3.2 Reference temperature is the temperature of similar devices, such as another phase of the
apparatus or another jaw of a set of disconnects.

3.21 For load tap changers it is the comparison between the tap changer
compartment tank skin temperature, and the transformer main tank skin
temperature.

3.3 During an inspection:

3.3.1  Areport of all objects exhibiting a temperature of 5°C higher than the reference
temperature is to be recorded.

3.3.2 In a three phase system, for example, when one phase has 5°C variation, it
would be reported; but if all three phases have a 5°C rise, it would not be
considered abnormal.

SMS 400.07.1 — Thermographic Inspection Liberty Utilities
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4.0 TABLES
Thermographic Inspection - Temperature Guidelines °C
Routine Urgent Emergency
Equipment Repair At Repair Within Repair Within
Next inspection 60 Days 1 Week
PT/CT Devices 20 or above
Breaker Tank >1 2to4 5 or above
Transformer Tank Abnormal
Regulator Tank 5t09 10to 19 20 or above
Battery 5 or above
Capacitor 5t09 10to 19 20 or above
Connector 20to 49 50to 74 75 or above
Disconnect 1 Phase 20 to 49 50to 74 75 or above
Disconnect 3 Phase 20 to 49 50to 74 75 or above
Insulator >1 >5 10 or above
Load Tap Changer 1to9 10 or above
Reactor 40to 74 75 or above
Fused Cutout 10 to 39 40 to 59 60 or above
Arrestor 2 or above
Bushing Connection 5t0 10 10 to 39 40 or above
Bushing 5t0 10 10 to 39 40 or above
Bus Insulator 2 or above
Terminator/pothead 5t09 10to 19 20 or above
Circuit Breaker Panel Abnormal
5.0 REVISION HISTORY
Date Rev # | Description Lead/Author

05/01/2014 1.0

Initial Version of document Update from
National Grid document to be NH Specific

Robert J Johnson

04/01/2020 11

1.3 change “extremely accurate” to
“approximate temperatures”

Robert J Johnson
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INTRODUCTION

This procedure describes the process used for the release and transportation of mobile substation
equipment.

PURPOSE

Movement of mobile substation equipment requires heavy rigging and hauling equipment and
expertise, and compliance with state and federal regulations.

Requirements vary by state, and whether emergency response or normally scheduled operations are
involved.

Use of this procedure ensures that proper communication, with sufficient detail, occurs to ensure
mobile substation equipment is transported in a timely manner. It is particularly important to minimize
response time in emergency situations.

ACCOUNTABILITY
Substation Work Methods shall:

Coordinate the utilization of all mobile substation equipment.

Verify the intended purpose and applicability for the intended location.
Substation Maintenance & Construction and Substation Work Methods Supervision shall:
Plan and request mobile substation equipment for both normal and emergency work
Equipment Operators/Riggers shall:

Transport mobile substation equipment to specified sites based on the priority level specified by
Substation Maintenance & Construction.

Obtain required permits and insure compliance with DOT and state requirements.
Annual permits obtained by Fleet Services

General/Emergency permits obtained by Supervisors of Equipment Operators/Riggers.

COORDINATION

Not Applicable.
REFERENCES

Not Applicable.
DEFINITIONS

M&C - Maintenance & Construction
TRAINING
Not Applicable.

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.
FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRITATE DEPARTMENT WEBSITE OR DOCUMENTUM.
File: SMP 400.40.2 Mobile Substation Equipment Mobilization Originating Department: Sponsor: 111-001
Substation Work Methods Susan Fleck
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1.0 MOBILE SUBSTATION EQUIPMENT PRIORITY LEVELS

1.1 Priority levels for the transportation of mobile substation equipment are:

1.11 Priority Level 1 - Mobile substation equipment must be moved immediately with

minimum transportation time.

1.1.2 Priority Level 2 - Mobile substation equipment is to be transported within 24-48

hours.

1.1.3 Priority Level 3 - Mobile substation equipment is to be transported per scheduled

work plan.

2.0 PLANNED MOBILE SUBSTATION EQUIPMENT REQUESTS

2.1 For pre-planned construction or maintenance activities Substation Maintenance &
Construction Supervision should use the Cascade mobile substation equipment request.

3.0 EMERGENCY MOBILE SUBSTATION EQUIPMENT REQUESTS

3.1 Substation Maintenance & Construction Supervision shall contact Substation Work
Methods for mobile substation equipment availability.

3.2 When Substation Work Methods releases mobile substation equipment for use, Substation
Maintenance & Construction Supervision shall contact Equipment Operators/Riggers
Supervision or contractor to arrange transportation.
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4.0 CASCADE MOBILE EQUIPMENT REQUEST

2 Cascade - Cascade 3.31 Prod

Go Edit View Report Comm  Action \Window Help

Equipment | Triggers || MixOrder || MxHiskary H Forecasts || Comments || Hlerts H Financials |
Current view  |Mobles (Station) vl JCol #Soit  Color fHids ] Update
Equip # In Service Date | Release Date Request Heed Date | Request Release Date|Equip Description Equip Class Equip Position Operating k| Notes BATTERY VOLTAGE
entral Fals 104 P45 NSERVICEoBLY | | [ [ MobieTracknaMoble Battery 5435 MMobileBatery  MOBLETRACKNG | (330 AmpHr, 4BYDC & 125VDC Charger 125 VOLTS
Depot Strest 335 505 IN SERVICE (MOBL) oblle Tracking-Moble Battery 7505 obile Battery jobile Tracking-Mobie Battery 7505 Esn Amp Hr ALMS-450 EXIDE and 25 Am{125 VOLTS
Drumrock 14 661 IN SERVICE (MOBL) ioblle Tracking-Mobile Transformer 7661 WCChobile Transformer MOBILE TRACKING 0USTMYA TR DS 1157/DKY - 36Y ¥ 2
East Longmeadow 508 3316 IN SERVICE (MOBL) oblle Tracking-Moble Battery 13316 obile Battery IOBIL TRACKING 30 Amp Hr_4LMS 325 Enersys & SCRF|
East Longmeadow 508 8579 IN SERICE (MOBL) obile Tracking-Mobile Substation 9573 obile Sub I0BIL TRACKING 0MTMYA LTC MOL 63D X 34.50-13
Frankfart Station 677 4c IN SERICE (MOBL) 40172012 obile Tracking-Mobile Sub 4 Certral obile Sub obile Tracking 43034 5123 13 8YI56 3 kY 5 OMYA LTC
Hanaower 6 a4 IN SERICE (MOBL) obile Tracking-Mobile Battery 7504 obile Battery I0BILE TRACHING 130 Amp Hr 4LMS-325 EXIDE and 25 Am[125 WOLTS
Hopkins Road Station 253 7C I SERICE (MOBL) obile Tracking-Mobile Sub 7 Certral obile Sub lobile Tracking 15-13.8 kY 28 MvA S4MVA LTC DS 11
lepson 37 8031 I SERICE (MOBL) obile Tracking-Mobile Circuit Switcher 8031 obile Circuit Switc Mobile Tracking A5k SEC 1200 amp Mark % C3-14 Mex
Peterboro Station 514 C I SERYICE (MOBL) obile Tracking-Mobile Sub & Certral obile Sub IOBILE TRACKING AEMVA LTC GE 115D - 138Y7 9 kY 11
South Attleboro 5 SB1E I SERYICE (MOBL) obile Tracking-Mobile Substation 5616 obile Sub 10BIL TRACKING S 4 L TC 1380002271 0GRY/ 1311 0023
[Third Street Station 216 R2C I SERYICE (MOBL) 41552012 15001 /201 2 obile Tracking-Mobile Sub 2 Certral obile Sub lobile Sub-temp postion FOMYALTC GE345x 46D - 138V 9
fare: 1 501 7a0s I SERWICE (MOBL) obile Tracking-Mohbile Battery 7503 ohile Battery IOBILE TRACKING 30 Amp Hr 4LMS-325 EXIDE and 25 Am125 WOLTS
obile Battery-Charger - 3317 - Centr 3317 I STORAGE (MOBL) obile Tracking-Mobile Battery-Charger 3317 Mobile Battery lobile Tracking-Battery-Charger 3317 120330 Amp Hr. 4LMS-325 Enersys & SCRF 125 WOLTS
IMOBILE CAP BANK #1 - 115kY 7750418 IN STORAGE (MOBL) iohile Tracking-Mokile Cap Bank #1115k Mohile Cap jabile Tracking-Mobile Cap Bank #1 115k 145
(OBILE CAP BANK #2 - 115KV 7750417 1N STORAGE (MOBL) jabile Tracking-Mobile Cap Bank #2 115k 145
[Mobile: Circuit Switcher 7407 HCB 7407 I STORAGE (MOBL) obile Tracking-Mobile Circuit Switcher 7407 115115k S2C 1200 amp Mark ¥ C5-14 Meq
Mobile Circuit Switcher 7403 WCD 7409 M STORAGE (MOEL) johile Tracking-Mobile Circuit Switcher 7403 115115kY S&C 1200 amp Mark Y CS-14 Meq
|| |Mobile Circuit Switcher 7662 TEE2 M STORAGE (MOEL) johile Tracking-Mobile Circuit Switcher 7662 115115kY S&C 1200 amp Mark Y CS-14 Meq
7 || [Mobie Circuit Switcher 030 fic] M STORAGE (MOEL) johile Tracking-Mobile Circuit Switcher 9030 115115kY S&C 1200 amp Mark Y CS-14 Meq
jobile Grounding Trf - 8244- WD Eaa I STORAGE (MOBL) jobile Tracking-Mobile Grounding Trf 5244 13B13BZZKY  MVA
jobile Regulator - 7703 - WCD 7703 I STORAGE (MOBL) jobile Tracking-Mobile Regulstor 7703 13.52500/3300KVA 12.0 K138k Type UR
=7} ohile SFE Gas Cart - 7980 7380 I STORAGE (MOBL) abile Tracking-Mobile SFE Gas Cart 7980 Gas Cart jabile Tracking-Mobie SFE Gas Cart 7950 SFE Gas Cart LIMCO ald eqnum 775101
8] || | ol 5FE Gas cart @197 197 I STORAGE (MOBL) abile Tracking-Mobile SFE Gas Cart 9197 Gas Cart jabile Tracking-Mobie SFE Gas Cart 5197 SFE Gas Cart LIMCO ald eqnum 775101
[Mobile: SFE Hand Cart 3613 613 STORAGE (MOBL) abile Tracking-Mobile SFE Hand Cart 3613 Gas Cart jabile Tracking-Mobie SFE Hand Cart 3613 old egnum 7751012
i [Mobile: SFE Hand Cart 7710 710 STORAGE (MOBL) iabile Tracking-Mabile SFE Hand Cart 7710 Gas Cart jabile Tracking-Mobie SFE Hand Cart 7710 john B. oy
 SUB 1 CENTRAL c STORAGE (MOBL) iabile Tracking-Mabile Sub 1 Certral iakile S jabile Tracking-Mobie Sub 1 Central 115110k-13800/7620 x 4500 x 4000/230
] 85T E STORAGE (MOBL) ohile Tracking-Makile East lobile Tracking-Mobile Sub 1 East B9 46KV ETRYVGrY x 22 SKVIF3.5KVGrY -5l
& 85T E STORAGE (MOBL) ohile Tracking-Makile East lobile Tracking-Mobile Sub 2 East 55.0MVALTC GE110x 67 x 335 ¥ -1
5 ENTRAL C STORAGE (MOBL) ohile Tracking-Makile Certral lobile Tracking-Mobile Sub 3 Certral S7.SMVA LTC GE 113 D - 13.8V/7.9 x 23
-] EAST 3 510172012 o702 iablle Tracking-Mable East jabile Tracking-Mobie Sub 3 East SHZA4MVALTCPA 115D - 138Y7 9 kY
0 WEST RAGE iablle Tracking-Mabile Sub 3 West Sub jabile Tracking-Mobie Sub 3 West 44MMVA GE 345D - 43D kY 2REGS 11,
A EAST E STORAGE (MOBL) iohile Tracking-Makile Sub 4 East iobile Tracking-Mobile Sub 4 East B9 MV A LTC WE 67 x 34 4Y - 22.8Y13.2
= WWEST o STORAGE (MOBL) iohile Tracking-Makile Suk 4 Vest jobilz Tracking-Mobils Sub 4 West 4 BhivA LTC EFACEC 345D - 48D BMY,
EAST E STORAGE (MOBL) iohile Tracking-Makile Sub 5 East johile Tracking-Mobils Sub 5 East 11528M¥A LTC DS 115D - 13.8Y7 S kY
WEST STORAGE (MOBL) iohile Tracking-Makile Sub 5 Vvest johile Tracking-Mobile Sub 5 West 1158.0MVA WE 115D - 138779 x 50D %
EAST E STORAGE (MOBL) okile Tracking Mokile Sub & East johile Tracking-Mobils Sub & East 41 0MVA LTC DS 34,50 x 23 % 34.5Y - 13
WEST iohile Tracking-Makile Sub & Ve johile Tracking-Mobile Sub & West 11528M¥A LTC DS 115D - 13877 3 kY 11
E SUB 7 WEST - PFORTABLE P! oblle Tracking-Mobile Sub 7 Vest Portabie I Sub jobile Tracking-Mobie Sub 7 West - Portable PDS 434 Sk 3800762
E SUB BWWEST B ioblle Tracking-Mobile Sub & We: jobile Tracking-Mobie Sub 8 Wsst 347 SMVA LTC DS 34.5 YiD - 138Y7 8 %
E SUB 9WWEST =] abile: Tracking-Mokile Sub 8 Ve ohile St jobile Tracking-Mobis Sub 8 West 11540MVA 115D - 46Y/25.5 x 34 5v18.8 x
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5.0 EQUIPMENT OPERATORS / RIGGERS — INTERNAL CONTACTS

NEW YORK
. . Telephone
Location Contact Title Office Cell Home

Supv

Central Josh Pierie | EQuipment 315 452-7534 | 315 657-2759 | 315 692-4781
Operators/
Riggers
Supv

West Kevin Equipment | 745 8317496 | 716 207-9229 | 716 685-6040

Urbanski Operators/

Riggers
Supv

East Robert Renna | EQuiPment 518 433-3325 | 518 312-1841 | 518 588-2317
Operators/
Riggers

NOTE: Alternate Contact for the above is Don Stamer (home 716-667-2460 / cell 716-479-9043)

NEW ENGLAND
. . Telephone
Location Contact Title Office Cell Home
Waltham Mike | Substation | 704 957 3117 | 413 374-1956 | 508 867-5440
Dembkowski | Coordinator
Westboro Dan Parent Supv TLS 508 389-2400 | 508 768-7081 | 401 639-4969

6.0 HEAVY EQUIPMENT HAULERS — CONTRACTORS
. . Telephone
Location Contact Title Company Office [ Emergency
New Internal contacts will coordinate contractors, if required
England
Dave Clark VP Clark Rigging & | 715 4334600 | 716 695-4860
West Rental
- Rig-Al
Rusty Williams Owner 315732-4138 | 315 723-7776
Incorporated
Central Clark Riaaing &
Dave Clark VP s :r:tal '99Ing 716 433-4600 | 716-695-4860
John Wozniczka President . 315 374-5911
David Schwalm | VP JPW Riggers 315374-5911 | 345 374-5912
Utica Rusty Williams | Owner Rig-All 315732-4138 | 315 723-7776
Incorporated
John M. Mullins
Albany Marty Mullins Owner Rigging & 518 273-0771 | 518 469-9483
Hauling Inc.
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7.0

TRANSPORTATION NOTIFICATION

7.1

7.2

7.3

Equipment Operators/Riggers Supervision shall notify Substation Work Methods of the
completed moves of mobile substation equipment.

E-mail Substation O&M Services (no name is required).
7.2.1 Substation O&M Services is a pick on the To List
Fax

7.3.1 New England - 508 421-7880

7.3.2  New York - 315 428-3121

If an outside contractor moves mobile equipment Substation Maintenance & Construction
and Substation Work Methods Supervision shall make the notification.

Sample notification: “Mobile Substation 5W was moved from Gardenville Storage Yard to
Inghams Substation on 7/17/06”.

TRANSPORTATION RESPONSIBILITIES

8.1

Pre and Post trip inspection of the tractor and any associated trailer shall be performed by
the driver.

EMERGENCY PERMITS — NEW YORK

9.1

Fleet Management maintains emergency blanket permits (Type 6) for tractors and trailers
that allow the movement of mobile substation equipment in emergencies.

9.1.1 New York Permits

9.1.2  Emergency - State of Emergency declared by the Governor or other official and
major power outages).

a. Maximum Gross Weight — 116,000
b. Length—79" 11", Height — 13' 6", Width — 13" 0’
9.1.3 Radius - Routine Moves — Annual (for use during daytime hours only).
a. Maximum Gross Weight — 108,000
b. Length—79' 11", Height — 13' 6", Width — 12" 0'
91.4 Blanket - Regular Blanket Permit — Annual (for use during daytime hours only)
a. Maximum Gross Weight — 100,000
b. Length—79' 11", Height — 13' 6", Width — 10" 0

FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRITATE DEPARTMENT WEBSITE OR DOCUMENTUM.
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9.1.5 NYS DOT Contacts: Mr. Will Morris or Mr. Tom Golden, North Wolf Road Office,
Albany, NY. Business Hours -1 888 783-1685, After Hours — 1 607 937-0590

(Operations Center)

9.1.6 For emergency or scheduled work, NYS DOT requires two (2) hours to respond

to route planned.

9.2 If movement of equipment via the New York State Thruway is required, prior approval
must be received from the NYS Thruway Authority.

9.2.1 NYS Thruway Contact: Ms. Shannon Van Steenburg or Ms. Sherry Allen, NYS
Thruway Authority, Albany, (518) 436-2990.

9.2.2 Blanket letters, for emergency use only, may be issued.

a. A separate letter is required for each tractor-mobile combination is required.
b.  The Thruway Authority, (518) 436-2816, must be contacted the first

business day following use for billing purposes.

c.  All normal permit information (tractor plate, total length/width/height, axle
loading and spacing etc. is required.

10.0 EMERGENCY PERMITS — NEW ENGLAND

10.1 There are blanket permits to move oversized over weight loads up to 130,000 Ibs. as

construction equipment.

10.2 Reducible load permits for tractors with gross weight of 55,000 Ibs are used. Reducible
loads up to 90,000 Ibs may be hauled on the Massachusetts Turnpike or any part thereof.
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11.0 APPENDIX A - MOBILE SUBSTATION DATA — NEW ENGLAND

NE WEIGHT # OF
MOBILE # TYPE (LBS) HEIGHT | WIDTH | LENGTH AXELS REG. #
193 SUB 58930 11"11" 711" 27 2 SM4793
1754 TRANS | 68350 10"5" 9'6" 34'1/4" 2 SM2988
1755 TRANS | 68350 10"5" 9'6" 34'1/4" 2 SM2990
4230 TRANS | 106500 13'6" 10’ 34'11" 3 SM12681
5264 SUB 38795 11'10" 711" 21'10" 217007
5266 SUB 36000 12' 711" 19'6" 217071
5616 SUB 2 NOT
5806 SUB 45000 12'6' 2 REGISTERED
6845 SUB NOT
6846 SUB REGISTERED
7661 TRANS | 102500 13'6" 8'6" 48' 3 SM61564
7662 g{/F\j 14800 13' 8' 20 SM61565
7703 REG 82000 13'4" 10'6" 39'4" 2 17281
7704 TRANS | 97040 12'8" 12'8" 46'5" 3 SM17282
8244 GRTR | 40955 11 7'8" 34'9" 2 SM6918
CIR "mn mn "Tmn
9030 SW 13'2 8'6 20'4 1 33783
9031 g\lﬁ 132" 8'6" 20'4" 1 33784
9734 SUB 66779 8' 27 2 97637
9879 SUB 94600 13'6' 8'6" 48' 3 SM27650
9890 SUB 85500 13'6" 8'6" 40'3" 3 SM27813
CIR
7131-1 SW
7131B/1243 | TRANS | 106000 13'6" 911" 42'6" 3 39411
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12.0 APPENDIX B - MOBILE SUBSTATION DATA — NEW YORK

Unit No. | NG No. Location Weight | Width | Length | Permit | Dolly
1C 5363 HCB 88,200 80’ 48’ 0” Y
1E 5260 ALBANY 50,000 8 0 313 N
2C 5347 HCB 53,800 8 0 35 4” N
2E 5269 ALBANY 66,280 8 0 45 0” N
3C 5362 POTSDAM 82,800 8 0 48 0” Y
3E 5263 N. ALBANY 66,720 8 0 44’ 0” N
3E 5265 N. ALBANY 13,400 8 0 250 N
3w 5297 BUFFALO 40,500 8 0 24’ 6" N
4C 5331 WATERTOWN | 53,200 8 0 320" N
4E 5255 AMSTERDAM | 85,800 8 0 40’ 6” Y
4W 5298 BUFFALO 76,7500 | 8’6" 36" 1” N
5C 91-481 POTSDAM 25,500 8 0 23’ 8” N
5w 5299 BUFFALO 56,400 8 0 371 N
6C 91-437 | WATERTOWN | 25,500 8 0 017’ N
6W 5300 BUFFALO 136,800 | 86" 60’ 2” Y
5E 5291 ALBANY 136,200 | 86" 60’ 2” Y
6E 5555 ALBANY 80,200 8’ 6” 42’ 5” N
7C 5589 SYRACUSE | 115,500 | 86" 62’ 0” Y
W 5436 BUFFALO 70,800 8 0 46’ 0” N
8C 5435 HCB 125,000 | 10°0” 510" Y
8W 5554 BUFFALO 74,500 8 0 42’ 0” N
ow 5577 BUFFALO 134,750 | 807 54’ 0” Y
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13.0 REVISION HISTORY
Version Date Description of Revision
1.0 02/23/07 Initial version of document
11 05/23/07 Document

Added - Documentum Version # to header
Added - File name to footer

1.2 11/19/07 Emergency Permits — New York
Revised — Section
Appendix B - Mobile Substation Data — New York
Revised — Mobiles 4W, 6W and 5E

1.3 09/18/08 Appendix B - Mobile Substation Data — New York
Revised — New NG Mobile #'s
Corrected — Order (by unit number)

2.0 08/31/12 Converted to new format.
ACCOUNTIBILITY - Changed “Substation O&M Services shall:” to “Substation Work Methods
shall:”; Changed “Power Delivery / O&M Supervision shall:” to “Substation Maintenance &
Construction and Substation Work Methods Supervision shall:”; Changed “Heavy Haulers shall:” to
“Equipment Operators/Riggers shall:”; Changed “... level specified by Substation O&M Services.”
to “... level specified by Substation Maintenance & Construction.”; Added "Annual permits obtained
by Fleet Services”; Added “General/Emergency permits obtained by Supervisors of Equipment
Operators/Riggers”
Section 2.1 - Changed “... Power Delivery / O&M Supervision should use the Substation O&M
Services mobile substation equipment on-line request process.” to “... Substation Maintenance &
Construction Supervision should use the Cascade mobile substation equipment request.”
Section 3.1 - Changed “Power Delivery / O&M Supervision shall contact O&M Services for mobile
...” to “Substation Maintenance & Construction Supervision shall contact Substation Work Methods
for mobile ...”
Section 3.2 - Changed “When O&M Services releases mobile substation equipment for use, Power
Delivery / O&M Supervision shall contact Heavy Hauler Supervision ...” to “When Substation Work
Methods releases mobile substation equipment for use, Substation Maintenance & Construction
Supervision shall contact Equipment Operators/Riggers Supervision ...”
Section 4.0 - Renamed
Section 4.0 - Replaced
Section 5.0 - Changed “HEAVY EQUIPMENT HAULERS - INTERNAL CONTACTS” to
“‘EQUIPMENT OPERATORS/RIGGERS - INTERNAL CONTACTS”
Section 5.0 - Updated Tables; Added Note below New York Table
Section 6.0 - Updated Table
Section 7.1 - Changed “Heavy Equipment / Heavy Haulers Supervision shall notify Substation O&M
Services of the ...: to “Equipment Operators/Riggers Supervision shall notify Substation Work
Methods of the ...”
Section 7.4 - Changed “... equipment Power Delivery / O&M Supervision shall ...” to “... equipment
Substation Maintenance & Construction and Substation Work Methods Supervision shall ...”
Section 8.0 - Deleted and renumbered accordingly
Section 8.2 (old 9.2) - Deleted
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INTRODUCTION

This procedure shall be followed for projects that will be administered per the Project Management
Playbook to ensure that National Grid substation projects are commissioned into service in a consistent
manner and without risk to personnel safety, substation equipment, or system stability.

PURPOSE
The purpose of this procedure is to:

Define the electrical testing and testing documentation requirements for the project.

Define the procedures for approval and energization for new substations or substation additions.

ACCOUNTABILITY

Project Managers, Distribution Operations, Transmission Operations, Substation Work Methods,
Substation Maintenance & Construction, Protection, Telecom and Operations (PTO), Work Delivery,
and Construction organizations involved in Substation Project Commissioning shall ensure that all
appropriate sections within this procedure are complied with.

Project Management will be responsible to notify the appropriate groups/departments that the
substation project has been completed and energized, in order for the appropriate maintenance task to
be turned on in CMMS.

COORDINATION

Project Managers shall ensure that Commissioning and Energization roles and responsibilities are
defined and assigned to specific individuals at the time of the initial project meeting as required based
on the scope and complexity of the project. Specific maintenance and relay procedures that shall be
followed for the testing and documentation requirements for the project shall be identified at that time.

REFERENCES
National Grid Substation Maintenance Standards — SMS

National Grid Substation Maintenance Procedures — SMP

National Grid System Protection — Relay Procedures PR’s

Engineering Document PR.09.03.000 - Project Execution

Investment Recovery Document Substation Decommissioning Procedure SMP 471.03.2
Remote Terminal Unit Commissioning Test Procedure

Meter Commissioning and Site Verification Guideline

DEFINITIONS

OFF-LOAD Testing - Testing that is performed prior to energization (out
of service tests) documented through the use of the
ACCEPTANCE CERTIFICATE (Appendix E) by
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each respective team member assigned to perform
the specified tests.

ON-LOAD TESTING - Testing that is performed after initial energization
(in service tests) documented through the use of
the ACCEPTANCE CERTIFICATE (Appendix F) by
each respective team member assigned to perform
the specified tests.

OUTAGE PLAN - A step-by-step switching and testing document
used to perform the initial energization of electrical
apparatus and protection systems.

TRANSMISSION OUTAGE APPLICATION (TOA) - A process used to request and schedule system
outages and clearances for transmission and
distribution substation and circuits.

TRAINING

The Owner will define any required training based on type of apparatus being installed and /or changes
in operating procedures.

The Installer shall conduct any necessary training on new equipment for the Owner’s personnel. This
training is limited to on-site discussions and demonstrations during the initial tests and/or during the
commissioning energization process.
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1.0 DEFINITION of ROLES and RESPONSIBILITIES

Note: Individuals are selected during the project kick-off / project outage planning meeting to perform
the requirements of this procedure and may be management or representative individuals.

1.1 CONSTRUCTOR

National Grid employees or contractor responsible for the project physical installation and
connection of structural components, electrical apparatus, and/or associated control,
protection, and metering systems

1.2  CONSTRUCTION SUPERVISOR

A National Grid management employee (System Delivery Supervisor, PTO Supervisor,
Substation Supervisor, etc.) assigned to coordinate and oversee all construction activities
of the CONSTRUCTOR and TESTER. The CONSTRUCTION SUPERVISOR will ensure
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1.3

1.4

1.5

1.6

1.7

1.8

the project is constructed according to established specifications and be a liaison with the
ENERGIZATION COORDINATOR.

ENERGIZATION COORDINATOR

A National Grid management employee designated by Substation Work Methods
responsible to ensure all tests have been performed and results received are complete
and acceptable for the operation and energization of the system. In addition, ensures
Transmission Outage Application (TOA) is in affect or submitted for the energization of
installed electrical apparatus or systems.

The position is supported internally by National Grid Test personnel from Relay, Telecom,
Meter, and Substation Maintenance & Construction as required to ensure the collection of
required data and reports necessary to certify the substation and apparatus are ready for
service.

The ENERGIZATION COORDINATOR may request from the appropriate department
management the individuals for the respective area of responsibilities to be assigned.

OWNER
Is defined as a National Grid or designated representative responsible for the project.
PROJECT MANAGER

A National Grid or designated representative responsible for all aspects of the project as
outlined in the Project Management Playbook.

TESTER

National Grid Testers from Relay, Telecom, Meter, Substations Maintenance &
Construction or TEST CONTRACTOR employees that verify the proper installation of
electrical apparatus and components as well as performing all required startup testing and
documentation as required by National Grid. Testing includes, but is not limited to,
electrical apparatus and equipment acceptance testing, electrical testing, and the testing
of associated control, protection, and metering systems.

APPLICATION COORDINATOR - Transmission

Initial System Control Center contact person with the construction/field for outage requests
(TOAs). Initial management for all TOAs submitted. Reviews TOAs for accuracy, correct
limits, completeness and for obvious conflicts before submitting to the OUTAGE
COORDINATOR for processing. Arranges switch persons, makes notifications to other
departments, Muni's and affected major customers. Assists applicants with project TOA
requests. Reviews and assists the ENERGIZATION COORDINATOR with energization
procedures/TOAs.

OUTAGE COORDINATOR — Transmission

Reviews & Processes all Transmission TOAs by communicating with the ISO daily &
performing formal detailed studies on ALL submitted Transmission TOAs prior to formal
submission to the ISO. Assists the project team with input into the outage plan identifying
load at risk, constraints, key generation needs, conflicts and performs informal studies on
complex outage plans. Works with the ISO, key generators, Distribution Dispatch &
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affected Divisions in evaluating emergency restoration times and identifies risks to the
system and area customers. Approves TOAs &/or communicates TOA conflicts back
through the Application Coordinator. Assists the ENERGIZATION COORDINATOR by
identifying high level constraints & available outage windows.

.0 GENERAL

All substation apparatus and components must be installed, tested, and commissioned in accordance
with National Grid Procedures. When these procedures do not specifically address specific tests, the
manufacturer’'s recommendations or standard industry practices shall be followed.

Specific approvals must be obtained for any procedural deviation or alternate tests requested by
contacting the appropriate National Grid Procedures Administrators.

Final on site commissioning and energization shall be performed or witnessed by National Grid

Personnel.

3.0 OWNER RESPONSIBILITIES

3.1 The Owner shall:

3.11

3.1.2

3.1.3

3.14

3.1.5

3.1.6
3.1.7

Advise of any project related installation or testing that will not be part of the work
scope.

Notify of work site locations and connections to Interconnected Ultilities related to
the project.

Advise of any approved suppliers, manufacturers, or other vendors for installation
and/or testing of electrical apparatus that will be performed as part of the project
under the CONSTRUCTOR’s/TESTER’s direction.

Provide all protective relay settings.
Supply revenue meters for the project.
Arrange for the required telephone circuits.

Provide a Testing and Commissioning Responsibility Matrix prior to the start of
work (Reference Appendix V - Sample).

4.0 CONSTRUCTOR RESPONSIBILITIES

41 The Constructor shall:

411

4.1.2

Be responsible to ensure all precautions have been taken to guarantee
personnel safety and prevent equipment damage.

Notify the OWNER when any secondary work involving the interconnection to in-
service systems is planned. Notification format and documentation forms shall be
discussed and agreed to during the initial project team meeting.
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41.4

4.1.10

41.11

41.12

a. The CONSTRUCTOR shall be responsible to ensure connection
safeguards are installed and removed as necessary.

b. The CONSTRUCTOR shall maintain a report describing the safeguards
used, reasons for use, and where applied.

Ensure that all safety aspects of the project are addressed during construction.
This shall include but is not limited to:

a. Clearance and Control requirements
Work area identification

Eyewash stations, portable or permanent

b

c

d. Fire fighting equipment

e Personal Protective Equipment
f.

Safe Work Practices

Request any outages required to perform construction, including the date, time,
and duration, from the CONSTRUCTION SUPERVISOR. All outage requests
need to be included in the project outage plan and meet TOP-08 lead times

Immediately inform the OWNER, and provide written documentation, of any
equipment related problems, issues, (i.e. foundation, structural or apparatus
damage) or discrepancies.

Document new, removed, or decommissioned electrical apparatus using the
appropriate documentation requirements, report formats, and forms as described
in this procedure.

Identify other maintenance or testing requirements during the course of the
project and inform the ENERGIZATION COORDINATOR for direction.

Verify required telephone circuits will be available for the project from Telecom
Engineering

As the construction activities progress, (apparatus placement, cabling,
terminations, wiring) the CONSTRUCTOR will inform and coordinate with the
TESTER the required acceptance and electrical testing in accordance with the
work schedule. Acceptance and testing should not be deferred until the end of
the project unless agreed to by the OWNER.

Appropriate outages or coordination shall be conducted in order to schedule and
complete testing requirements. All outage requests need to be included in the
project outage plan and meet TOP-08 lead times

Participate in the development of and execution of Secondary Circuit Isolation
Plans (See Appendix U).

Complete applicable tasks identified on the Testing and Commissioning Matrix
provided by the OWNER.
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5.0 CONSTRUCTION SUPERVISOR RESPONSIBILITIES

5.1 The Construction Supervisor shall:

5.11

5.1.2
51.3

514

Manage all aspects of field construction including the activities of the
CONSTRUCTOR and TESTER. Specific activities are included in the text of this
procedure and checklists in the appendices section.

Ensure all acceptance, electrical, relay testing is identified and who will perform.

When connections to existing circuits (live or dead) are scheduled, investigate
the construction plan and methodology to ensure other equipment within the
substation, energized transmission lines, and the power grid have neither their
reliability nor integrity compromised.

Ensure that a Secondary Circuit Isolation Plan is developed and executed on all
projects at operating substations (See Appendix U).

6.0 TESTER RESPONSIBILITIES

6.1 The Tester shall:

6.1.1

The TESTER has responsibility for the testing and commissioning work including
supplying the required trained personnel, test equipment, hardware, vehicles,
manlifts, ladders, harnesses, power supplies or other apparatus or materials to
complete the equipment tests and comply with the applicable safety regulations.

Perform acceptance, calibration, and performance tests of all new electrical
apparatus, systems and circuits required for commissioning and energization.

a. This includes all the electrical tests associated with new installations and
the associated tests required to integrate new installations into existing
energized facilities following existing testing procedure documents.

b.  This includes any tests that may be required or recommended by the
equipment manufacturers and shall be stated at the project outage planning
meeting Follow equipment manufacturers test requirements if there are no
existing test procedures.

c. These tests establish the equipment initial condition and provide a baseline
for future maintenance work.

d. Testing shall verify that all components perform satisfactorily both
electrically and mechanically at their specified rating. The majority of the
testing is normally performed at the substation location under construction.
However, testing work may also be required at locations other than the
Owner’s facilities. Exceptions to on-site testing are to be discussed in
advance with the CONSTRUCTION SUPERVISOR.

e. Verify all equipment alarm and status points are connected and function
properly. This includes connections to the input points of Remote Terminal
Units (RTU) and Event Recorders.
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6.1.4

6.1.7
6.1.8

6.1.10

6.1.11

6.1.12

f. As the construction activities progress (apparatus placement, cabling,
terminations, wiring) the TESTER shall perform the required acceptance
and electrical testing in accordance with the work schedule. Acceptance
and testing should not be deferred until the end of the project unless
agreed to by the OWNER.

g. Coordination with interconnecting utilities (end-to-end) tests may be
required.

The TESTER shall meet with the Owner’s project team as required (PTO,
Substation Maintenance & Construction, Control Center Coordinators, Substation
Supervisor, or System Delivery Supervisor), to review project requirements
specific for the work to be performed.

The OWNER will supply an example of a typical Test Plan for the TESTER’s use.
The Test Plan will include all the standard steps and procedures to test and
commission an equivalent facility (i.e. specific macros used for relay or device
testing).

It is the TESTER’s responsibility to ensure the OWNER'’s standard procedures
and documentation are used, using the OWNER approved version of software for
Doble test equipment or other manufacturer’s device specific protocols or
software.

The TESTER is responsible to ensure testing to be performed has been
communicated, and permission to proceed has been received, from the
CONSTRUCTION SUPERVISOR.

The TESTER shall test all secondary devices as described in this document.

Protective relays shall be tested by using a programmable current and voltage
sources, personal computer and ProTest (Doble Engineering) software and test
programs specified by the Owner.

The applicable sections of National Grid Procedures and Standards shall be
followed for installation and testing of electrical apparatus and relays being
installed.

National Grid will supply the CONSTRUCTOR/TESTER with electronic or paper
copies of Procedures and Standards required by the project.

All applicable Substation Maintenance Procedures are listed in SMS 400.00.1 —
List of Substation Maintenance Documents and Protection Systems Relay
Maintenance Documents.

The TESTER shall submit the following documentation and qualifications:
a. Areference list with contact personnel names, addresses and emails.
b.  Resumes for all personnel involved with the work.

c. Employee training and certification such as ANSI Standard ANSI/NETA
ETT-2000 (Standard for Certification of Electrical Testing Technicians) or
equivalent
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d. Summary of the Installer's company experience over the past five years

e. Sample test reports using ProTest Software for relay testing over the past
five years.

6.1.13 Participate in the development of and execution of Secondary Circuit Isolation
Plans (See Appendix U).

6.1.14 Complete applicable tasks identified on the Testing and Commissioning Matrix
provided by the OWNER.

7.0 ENERGIZATION COORDINATION RESPONSIBILITIES

71 The Energization Coordinator shall:

711 Manage the energization of the facility and coordinate activities of the
CONSTRUCTION SUPERVISOR and TESTER as outlined but not limited to in
this procedure. Specific activities are included in the text of this procedure and
checklists in the appendices section.

8.0 WORK PLANS, SCHEDULES, and NOTIFICATIONS

8.1 Work Schedules

8.1.1 Tester shall prepare and submit to the OWNER a schedule for all acceptance
tests.

8.1.2 Tester shall designate a principal or on-site contact person who shall be present,
as required, during construction and testing.

8.2 Work Sequence Schedule
8.2.1 Tester shall prepare schedule which shows:
a. Date of mobilization on the site
b. A specific outage plan that is incorporated into the project outage plan

c. Approximate date for each piece of equipment to be tested or alternatively
how the testing will be coordinated with the construction activities

d.  Starting and ending time duration for each test. These times shall
incorporate levelized manpower so there will be sufficient people to
complete these tests as required by the commissioning schedule. The
TESTER shall work with OWNER to ensure all apparatus, components,
and hardware are safe, ready for service and properly calibrated and
tested.

e. Any discrepancies or irregularities observed by the TESTER shall be
identified in writing and communicated immediately to the
CONSTRUCTION SUPERVISOR of the specific test conducted. The
CONSTRUCTION SUPERVISOR and TESTER shall meet to resolve the
issue. Others will be invited to attend as required by the Owner.
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8.3 Test Plan Outline
8.3.1 Tester shall prepare and submit to the OWNER a plan outlining:
a. Scope of work
b.  List of Reference documents

C. Identify in a table format all hardware, apparatus, components, relays, or
other devices to be tested.

d. List of tests to be executed or witnessed and the specific test procedure or
specification reference, which describes the test.

8.4 Initial Test Results

8.4.1 Upon completion of a specific test, the TESTER shall provide results to the
OWNER per the timeframe agreed to at the project initiation.

8.5 Test Notification

8.5.1 The OWNER shall be notified by the TESTER a minimum of five days in advance
of all tests.

8.6 Project Meeting Attendance

8.6.1 The TESTER shall be available to meet with the OWNER on-site or at the project
office location specified at a minimum of once every two weeks to review the
progress of the work completed. During the outage period the meeting frequency
shall be increased as necessary but at the minimum of once every week.
Additional meetings may be required periodically with the OWNER,
manufacturers, etc. These meetings will be held at a site determined by the
OWNER and all participants shall be informed of the meeting details. The
TESTER shall attend all scheduled meetings.

8.7 Progress Reports

8.7.1 In a format approved by the OWNER, the TESTER shall submit weekly progress
reports, or on a timeframe agreed to, that includes the equipment or systems
tested, personnel on-site, schedule compliance, percent completed and percent
of tests remaining, discrepancies identified and any other relevant information
regarding the facility testing or commissioning.

8.8 Work Documentation

8.8.1 On certain projects it will be necessary to have corrections updated on
construction drawings and new drawings reissued for National Grid personnel to
complete final commissioning work. The OWNER will determine when this is
required.

9.0 GENERAL TESTING REQUIREMENTS

9.1 The OWNER reserves the right to witness all test activities.

9.2 Technical Inquires / Variances / Approvals

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.
FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRITATE DEPARTMENT WEBSITE OR DOCUMENTUM.

File: SMP 400.80.2 Substation Commissioning and Energization Originating Department: Sponsor: 111-021
Substation Work Methods Susan Fleck




Docket No. DE 19-064
Substation Policies - N Grid
Page 22 of 254

. . SUBSTATION MAINTENANCE Doc. # SMP 400.80.2
nationalgrid Procedure Page 12 of 70
Substation Commissioning and Energization Version 3.1- 08/31/12

9.2.1 As technical questions arise the TESTER shall contact the CONSTRUCTION
SUPERVISOR. The CONSTRUCTION SUPERVISOR may delegate this
requirement on a case-by-case basis to a member of the project team. The
CONSTRUCTION SUPERVISOR shall maintain the list of inquiries and problems
along with resolutions as part of the project documentation requirements.

9.3 Relay Settings Modifications

9.3.1 There shall be no changes to any relay settings without the explicit approval of
the OWNER'’s Protection Engineer. Any recommended changes by the TESTER
shall be submitted in writing with a detailed explanation for the modification prior
to making any modifications to installed components.

10.0 TEST EQUIPMENT REQUIREMENTS

10.1 Calibration Documentation

10.1.1  If equipment or instruments being used on the project require periodic calibration
by the manufacturer, the TESTER shall provide to the OWNER Certificates of
Instrumentation Calibration, traceable to the National Bureau of Standards, for all
test equipment and instruments used for testing and calibration. Such calibration
shall have been completed within one year immediately prior to start of any
testing.

10.1.2 Refer to National Grid NG-EOP G032 for calibration requirements.
10.2 Required Test Equipment

10.2.1 Tester shall complete all appropriate electrical apparatus tests utilizing the Doble
M4000 Insulation Power Factor Test set with DTAF V5.5 software, Doble M4110
Leakage Reactance module, Doble M5x00 Sweep Frequency Response
Analyzer with SFRA V5.1 software, Doble TDR-9000 or TDR-900 Circuit Breaker
Analyzer with latest version of T-Doble software.

10.2.2 Other test equipment to be used shall be listed in the NG-EOP G032 or as
approved by the OWNER.

10.2.3 Tester shall perform protective relay testing using the Doble ProTest software
and equipment using the OWNER approved version of software.

10.3 Test Results Forms and Formats

10.3.1  Only the National Grid approved documentation forms or electronic formats will
be used.

11.0 CONTROL BUILDING and YARD TEST REQUIREMENTS

11.1  Control Building and Yard resistance and continuity tests shall be discussed and agreed to
prior to the start of construction for test requirements and who will perform.

11.2  Ground Grid and Grounding
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11.3

11.2.1  Ground Grid Resistance test - Perform a ground grid resistance test using a
Biddle-Megger Ground Earth Resistance Model DET test set or its equivalent.

11.2.2  Ground Grid continuity to equipment - Verify each piece of equipment in the yard,
such as transformers, breakers, regulators, etc. has two grounds connected and
measure the resistance to ground using a low resistance ohmmeter.

11.2.3  Ground Grid continuity to structures - Verify that each structure such as columns
and stands has one ground lead connected and measure the resistance to
ground using a low resistance ohmmeter.

11.2.4 Ground Grid continuity to Control Building - Verify that the grounding system in
the control building is connected to the station ground grid and equipment such
as control panels, cabinets, raceways, battery racks, etc. inside the building are
grounded.

11.2.5 Ground Grid continuity to fence - Verify that the fence is properly grounded per
National Grid grounding specification and swinging gates, barbed wire, metal
fabric, etc. are properly grounded.

AC Station Service Checks
11.3.1  Overcurrent Protection - Verify Fusing and circuit breaker settings.

11.3.2 Voltage - Measure voltage and record if it is within plus 2.5% minus 2.5% range.
On a 120 volts base, this is plus 2.5% (123 volts) minus 2.5% (117 volts).

11.3.3 Phase Rotation - Verify phase rotation and phase placement on switchboards.

11.3.4 Transfer Switch - Verify settings, proper operation, and phasing of transfer switch
for dual service installations, see Emergency Generator section for requirements
for emergency generators.

a. CONSTRUCTION SUPERVISOR shall obtain operating requirements and
settings from local substation management.

11.4.1  Test per manufacturer’s requirements and latest version of SMP and record

a. SMP 405.01.2 Emergency Generator Procedure

b. SMP 405.01.3 Emergency Generator Inspection Card

11.4 Emergency Generator
results on Inspection Card.
11.5 DC Station Service

11.5.1 Battery Eyewash - Check that the battery eyewash station is within 25 feet of the
battery installation, filled and ready for use. Make sure area immediately beneath
eye wash station is clear of obstructions and designated with floor tape markings.

11.5.2 Battery and Charger and alarms - This testing is performed under section 12.2.

11.5.3 DC Panel Board - Check that the panel is labeled with voltage and all circuits are
identified. Verify overcurrent protection fuse and breaker sizes.
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11.5.4 Ground Test - Test for and clear station battery grounds. Battery grounds must
be monitored throughout the construction and commissioning process. The
battery shall be tested for grounds at the beginning of each work day and
whenever a new DC circuit is energized.

11.5.5 For dual battery installations, verify that there are no cross connections between
batteries. The battery shall be tested for cross connects at the beginning to each
work day and when a new DC circuit is energized.

11.6  Control Building Power and Lighting
11.6.1  Check that the power panels are all labeled with voltage and circuit information.
11.6.2 Check all receptacles for correct grounding and polarity; check GF| operation.
11.6.3 Check that all building lighting is functioning.
11.6.4 Check that all building emergency lighting is functioning.

11.6.5 Check that any special building power receptacles are properly wired with correct
grounding and polarity.

11.7 Yard Power and Lighting
11.7.1  Check that the power panels are all labeled with voltage and circuit information
11.7.2 Check all receptacles for proper grounding and polarity; check GFI operation.

11.7.3 Check that all yard lighting and photo, time clock are functioning and can be
operated locally and if EMS, controlled remotely.

11.7.4 Check that yard lighting has proper light distribution at night.
11.7.5 Check that all emergency lighting is functioning
11.7.6  Check that all cabinet heaters are functioning.

11.7.7 Check that any special power receptacles are properly wired with correct
grounding and polarity.

11.8 Control Building HVAC

11.8.1  Check that building ventilation fans and controls are functioning, control settings
made, and any fire or smoke detector shutdown circuits function.

11.8.2 Check that building heaters and controls are functioning, control settings made,
and any fire or smoke detector shutdown circuits function.

11.8.3 Check that air conditioning is commissioned per manufacturer’s requirements
controls are functioning, control settings made, and any fire or smoke detector
shutdown circuits function.

11.9  Control Building Fire Equipment, Fire Alarms, Smoke Alarms

11.9.1 Fire and Smoke alarms - Check that the fire and smoke alarms function and
alarm to the RTU if so equipped.

11.9.2 Fire Extinguishers - Check that fire extinguishers are installed and properly
labeled.
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11.10 Control Building Intrusion Alarms and Security System

11.10.1 Check that the door switches and alarms function and activate the security

system

11.10.2 Corporate Security shall coordinate the installation on testing as follows:

a. Check the motion sensors function and activate the security system.

b. Check the station card reader

11.11 Substation Signage

11.11.1 Check that all required signage is installed per ST.03.06.001 Substation Signs

11.12 Wildlife Control Measures

11.12.1 Check that all wildlife control measures have been installed per drawings and

specifications.

11.12.2 Check that the wildlife electric fence is functioning per the manufacturer’s

instructions.

11.13 Locking Provisions

11.13.1 Substation Work Methods shall coordinate and ensure the proper level of locking
provisions have been installed for perimeter, control buildings, and electrical

apparatus.

12.0 ELECTRICAL APPARATUS TEST REQUIREMENTS

12.1  The Owner shall:

12.1.1  Provide the required National Grid Substation Maintenance Procedures (SMP)
for the electrical apparatus or systems that are being installed. Provide the
Testing and Commissioning Responsibility Matrix to the CONSTRUCTOR and
TESTER. The TESTER shall refer to the Acceptance Test section of the SMP for
the required inspections and testing to be performed. The corresponding
Inspection Card(s) and Equipment Data Forms shall be filled out by the TESTER

and submitted to the ENERGIZATION COORDINATOR.
12.2  Approval by Energization Coordinator

12.2.1  Any deviation from Procedures shall be approved by the ENERGIZATION
COORDINATOR in writing prior to performing any acceptance or electrical

testing.

12.3 Requirements by Energization Coordinator

12.3.1 Substation Maintenance Procedures and Inspection Cards may also be provided
to the TESTER as required by the ENERGIZATION COORDINATOR.

12.4 SMS 400.00.1 List of Substation Maintenance Documents

Refer to SMS 400.00.1 for a complete list of documents. The relevant list of documents is

listed below.
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12.4.1 Circuit Breakers, Line Reclosers, Vacuum Switches, Sectionalizers and other

12.4.2

12.4.3

12.4.4

circuit interrupting devices -
a. The mechanism for all circuit interrupting devices shall be inspected per:
SMP 401.20.2 Circuit Breaker Mechanism Procedure
SMP 401.20.3 Circuit Breaker Mechanism Inspection Card
b.  Vacuum Circuit Breakers will be tested per:
SMP 401.03.2 Vacuum Circuit Breaker Procedure
SMP 401.03.3 Vacuum Circuit Breaker Inspection Card
c.  Gas Puffer Circuit Breakers will be tested per:
SMP 401.06.2 Gas Puffer Circuit Breaker Procedure
SMP 401.06.3 Gas Puffer Circuit Breaker Inspection Card

d.  For other types of circuit interrupting devices, refer to SMS 400.00.1 to find
the correct procedure and inspection card.

Power Transformers - Refer to the specific version of SMP 402.xx.x for the type
of Transformer being tested.

a. Transformers shall be received per:

SMP 402.11.2 Power Transformer Installation and Acceptance Procedure

SMP 402.13.2 Power Transformer Delivery Inspection Procedure

SMP 402.13.3 Power Transformer Delivery Inspection Card

b.  Transformers 15 MVA and above shall be tested per:
SMP 402.01.2 Transformer 15 MVA and Above Procedure
SMP 402.01.3 Transformer 15 MVA and Above Inspection Card

C. Transformers 2.5 to 14.9 MVA and other smaller transformers shall be
tested per:

SMP 402.02.2 Transformer 2.5 to 14.9 MVVA Procedure
SMP 402.02.3 Transformer 2.5 to 14.9 MVA Inspection Card

Instrument Transformer

SMP 403.01.2 Instrument Transformer Procedure

SMP 403.01.3 Instrument Transformer Inspection Card

Voltage Regulating Equipment - Test per the following SMP. If the substation has
a paralleling scheme test, ensure that the scheme maintains a difference of no
more than two (2) step positions. The OWNER will supply all settings for the
voltage regulating device.

SMP 404.01.2 Step Voltage Requlator Procedure
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12.4.5

12.4.6

12.4.7

12.4.8

12.4.9

12.4.10

12.4.11

SMP 404.01.3 Step Voltage Requlator Inspection Card
SMP 412.01.2 Load Tap Changer (LTC) Procedure
SMP 412.01.3 Load Tap Changer (LTC) Inspection Card

Battery and Charger System - Test per the following SMP. Check that all Battery
alarms operate to the station annunciator and RTU. Check for and clear battery
grounds.

SMP 406.01.2 Lead/Acid Battery Procedure

SMP 406.01.3 Lead/Acid Battery Inspection Card

SMP 406.02.2 Nickel-Cadmium Battery Procedure
SMP 406.02.3 Nickel-Cadmium Battery Inspection Card
SMP 406.03.2 Battery Charger Procedure

SMP 406.03.3 Battery Charger Inspection Card

Bushing Potential Device - Test per below SMP. Adjust output voltage per
manufacturer’s instructions to obtain correct output voltage.

SMP 407.01.2 Bushing Potential Device Procedure
SMP 407.01.3 Bushing Potential Device Inspection Card

CCVT - Test per below SMP. Adjust output voltage per manufacturer’s
instructions to obtain correct output voltage.

SMP 407.02.2 Coupling Capacitors and CCVT Procedure
SMP 407.02.3 Coupling Capacitors and CCVT Inspection Card
Wave Trap - Test per:

SMP 407.03.2 Wave Trap Procedure

SMP 407.03.3 Wave Trap inspection Card

Capacitor Banks - Test per:

SMP 408.01.2 Station Capacitor Bank Procedure

SMP 408.01.3 Capacitor Inspection Card

Disconnect Switches - Test per:

SMP 409.01.2 Disconnect Switch Procedure

SMP 409.01.3 Disconnect Switch Inspection Card

Circuit Switcher - Test per below SMP

SMP 409.02.2 Circuit Switch Procedure

SMP 409.02.3 Circuit Switch Inspection Card
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12.4.12 Metal Clad Bus, Switchgear - Test per below SMP

12.4.13

12.4.14

SMP 417.02.2 Metal Clad Bus, Switchgear and Station Procedure
SMP 417.02.3 Metal Clad Bus, Switchgear and Station Inspection Card
Surge Arrester - Test per below SMP

SMP 419.01.2 Surge Arrester Procedure

SMP 419.01.3 Surge Arrester Inspection Card

High Voltage Bus - Test per below SMP

SMP 417.02.4 Outdoor Open Air Bus Procedure

13.0 CONTROL CABLE and WIRING TESTING

13.1  Control Cable Verification - Insulation and Continuity Checks

13.1.1

After installation of cables, wires, and cable terminations installed by the
CONSTRUCTOR are complete and considered finished, the CONSTRUCTOR
shall perform the following steps to confirm cable conductor continuity and
insulation integrity. Using a person at either end of the cable or wire with
communication, lift the wire, verify continuity and perform the following tasks.
This needs to be performed one wire at a time on all wires including spares.

a. Follow the appropriate wire and conductor marker requirements.

b Confirm each electrician has the end of the same wire being checked.

c. Ensure wire sleeves are installed and correctly numbered, if so required.
d

Follow the appropriate wiring color code guideline during installation as
required.

e. Inspect the termination, verify the wire insulation is properly stripped, the
termination connector/lug is correctly sized and its insulation is correct and
proper.

f. Verify the end of the wire is terminated at the correct device terminal.
(Check with drawings)

g. Before the wire is re-terminated a 1,000-volt insulation resistance test shall
be performed on each conductor, between the conductor and ground by the
CONSTRUCTOR. Note: multiple conductor checks are not permitted,
conductors shall be insulation tested one at a time. The CONSTRUCTOR
shall review the insulation resistance tests and report any irregularities to
the CONSTRUCTION SUPERVISOR.

1. Documentation of the above tests shall be on the Point-To-Point Wire
Check Form.

h. Re-terminate the wire and physically pull/tug in the wire to confirm that it
has seated firmly.
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13.1.2 AC and DC Station Service Cables - All interconnecting DC and AC station

13.1.3

13.1.4

13.1.5

13.1.6

service cables from the control building to the switchyard shall be checked to be
free of shorts or grounds, by 1000volt DC insulation resistance tests

Wiring Drawing Verification - The testing shall be documented on the wiring
drawings. Yellow pencil or highlighter shall be used to verify circuits that have
been checked, Red pencil or highlighter shall be used to show conductor
changes that need to be added, and Green pencil or highlighter shall be used to
identify conductor changes that need to be removed

Marked-Up Drawings - Two sets of marked-up drawings shall be made at the
jobsite. One set shall be designated a “working copy” and show all modifications
made during tests, commissioning etc. The second set shall be the “as-builts”
drawings and documentation. The OWNER shall have access to both sets at any
time.

Lifted Lead and Jumper Log - Once commissioned any wire that is disconnected
or if jumpers are installed for testing purpose, this shall be recorded in the Lifted
Lead and Jumper Log. Refer to Documentation and Forms in the Appendix
section.

Opened slide links shall be recorded ob the Lifted Lead and Jumper Log during
testing.

14.0 TESTER SUPPORT of CONSTRUCTOR PERFORMING WIRING

14.1 The Tester shall:

Support the CONSTRUCTOR for projects that involve connections to existing relay and
control facilities by:

14.11

14.1.2

14.1.3
14.1.4
14.1.5

14.1.6

Review of construction drawings - The construction drawings shall be reviewed
for accuracy and required corrections brought to the attention of the OWNER and
CONSTRUCTOR. In particular, the AC current and voltage wiring drawings
should be reviewed for continuity and shorts

Hold a pre-construction meeting with CONSTRUCTOR performing wiring to
review the sequence of construction and agreed upon testing schedule.

Isolate and identify DC and AC inputs to the schemes.
Provide assistance as required to CONSTRUCTOR performing wiring.

The precautions to be taken shall be agreed to and documented and as
determined at the project meeting.

Utilize Appendix U - Tester/Constructor Isolation Guide for secondary circuits.
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15.0 PRE-COMMISSIONING RELAY and CONTROL CIRCUIT TESTING

15.1

15.2

15.3

15.4

15.5

15.6

15.7

Relay and Control Circuit Testing

15.1.1 Prior to starting Relay and Control Circuit Testing, the TESTER shall verify the
wiring is correct per schematics, power up the control switchboards and test the
inputs and outputs function as designed

Insulation Tests shall:

15.2.1 Only be performed on isolated control cables with no connected devices,
cabinets or other components. The CONSTRUCTOR is responsible for continuity
and 1,000 volt insulation resistance tests for the control cables and conductors
from the control house to the switchyard equipment for all cables the
CONSTRUCTOR has pulled and terminated.

All wiring shall:

15.3.1 Be verified to be connected as per the station’s AC elementary for the AC wiring;
or the DC elementary for DC controls.

Two sets of working prints shall:

15.4.1 Be kept to accurately reflect the exact “point to point” and functional areas of
verification. Panel wiring and circuits shall be documented by yellow highlighting
the drawings. Corrections shall be noted using green for removals, and red for
additions.

a. Follow Substation Engineering Procedure PR.02.00.005 Field Change
Mark-Up and As-Built Drawings.

Device Instruction Books shall:

15.5.1 Be consulted as required to ensure that the equipment is being utilized and wired
as specified by the manufacturer.

DC relaying, control and alarm wiring:

15.6.1 In verifying series and parallel contacts, the TESTER shall operate each contact
or combination of contacts to verify they perform their intended function.

AC relaying and metering wiring (AC secondary):

15.7.1 In verifying potential circuits, an AC secondary voltage should be injected to the
circuit and that voltage should be measured at all appropriate points as per the
elementary drawings. The TESTER shall ensure that it does not back energize
the high voltage sources. Measure and record the burden of the potential circuit.
Check that each potential circuit has only one ground connection.

15.7.2 In verifying CT circuits, an AC secondary current should be injected to the circuit.
Polarity of the current circuit shall be tested and verified for proper connections
as indicated on the drawings. Measure and record the burden of the current
circuit. Check that each CT circuit has only one ground connection.
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16.0 RELAY and CONTROL CIRCUIT TEST REQUIREMENTS

The TESTER shall test relay and control circuits per this section. This section establishes the minimum
tests to be performed for testing of protective relays and related equipment for new installations and
does not contain step-by-step procedures for performing the tests.

16.1  Current Transformer

16.1.1
16.1.2
16.1.3
16.1.4
16.1.5

Polarity
Ratios
Excitation
Insulation

Confirm CT location for proper over-lapping of protective zones

16.2 Current Circuits

16.2.1
16.2.2

16.2.3
16.2.4

16.2.5

Location of grounds, insulation test
Secondary signal injection

a. Atest current should be applied as close to the CT terminals as practical.
The test should be made from each set of current transformers and include
all phase-to-phase-to-neutral combinations. A check should be made at all
devices for the presence or absence and polarity of current for each test
condition.

All circuits will be marked as tested on elementary drawings (yellow highlighter)

All changes will be marked on elementary and wiring diagrams (green for remove
/ red for add)

Volt-Ampere Burden

a. The test should be made at a point as close to the CT terminal as practical.
A suggested applied current is 3 amperes. The test should include all
phase-to-phase-to-neutral connected burden.

16.3 Voltage Transformer

16.3.1
16.3.2
16.3.3
16.3.4

Polarity
Ratios
Insulation

Confirm VT location for proper voltage sensing of protective zones

16.4 Voltage Circuits

16.4.1
16.4.2

Location of grounds, insulation test
Secondary signal injection

16.4.3 All circuits will be marked as tested on elementary drawings (yellow highlighter)
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16.4.4 All changes will be marked on elementary and wiring diagrams (green for remove

/ red for add)

16.5 Ground Relay Polarizing Circuits

16.5.1
16.5.2
16.5.3
16.5.4

Current polarizing sources, low voltage / high current test
Potential polarizing sources, in-service test
All circuits will be marked as tested on elementary drawings (yellow highlighter)

All changes will be marked on elementary and wiring diagrams (green for remove
/ red for add)

16.6  Other Transformer Protection

The following must be confirmed by field test:

16.6.1
16.6.2
16.6.3
16.6.4
16.6.5
16.6.6
16.6.7
16.6.8
16.6.9

Fault Pressure

Low Oill

Hot Spot CT properly wired
Over Temperature
Buckholtz Relay

Pressure Relief

Rotation

Water Flow

Other as designed

16.7  Circuit Breakers and Other Interrupting or Insulation Devices

The following are performed in conjunction with the Substations Department

16.7.1
16.7.2
16.7.3

Trip and trip-free, close and anti-pump
Auxiliary switches - Adjusted to proper operating position
Timing

16.8 Dual Trip Coils on Circuit Breakers

16.8.1
16.8.2
16.9 Relays
16.9.1
16.9.2
16.9.3

Individual test of trip coils

Simultaneous tests of trip coils

All testing to be executed in Doble Protest
Sample test plans and data structure will be provided by the local relay office
Electronic test files will be returned to the local relay office

16.10 Relay and Control Circuits (Wiring)
16.10.1 Confirm all wiring circuit checking / ringing / tracing has been completed
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16.10.2 Grounds (if any) location and insulation test has been completed

16.11 Relay and Control Circuits (Functional)

16.11.1
16.11.2

16.11.3

16.11.4
16.11.5
16.11.6
16.11.7
16.11.8
16.11.9

Contact logic, functional test of all contact combinations

All DC contact logic chains will be marked (yellow highlighter) as tested on
schematic drawings

All changes will be marked on elementary and wiring drawings (green for remove
/ red for add)

Pilot channels

Transfer Trip

Reclosing

Lockout devices

Breaker failure functional test

Verify all protection (relay or auxiliary device) alarms to EMS

16.11.10 Verify that communication circuit will continue to operate with loss of AC power

16.11.11 Test for proper Alarm and Annunciator Targets

16.12 Power Line Carrier

16.12.1
16.12.2
16.12.3

16.12.4

Line trap - frequency
Line trap - ground behind trap

Line tuning equipment — alignment to specified frequency - VSWR - re-verify
when the line is energized and carrying load.

Transceivers - frequency

16.13 Transfer Trip

16.13.1
16.13.2
16.13.3
16.13.4

Transceivers - frequency
Communication circuits - frequency response
Verify that communication circuit will continue to operate with loss of AC power

Supply Control Centers with DTT or POTT channel changes so the EMS System
displays can be updated.

16.14 Transient Fault Records

16.14.1
16.14.2
16.14.3
16.14.4
16.14.5

Analog inputs

Digital inputs

Time clock

Remote communications

Distance to Fault Relaying
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16.15

16.16

16.17

16.18

16.19

End-to-End Tests

16.15.1 The TESTER shall provide the required personnel, equipment, hardware etc. to
perform end-to-end tests. In the case of the OWNER’s remote substation
protection systems, in a similar manner the TESTER shall supply all the
personnel, equipment or support required to complete end-to-end tests.

16.15.2 If interconnecting utilities are involved at remote sites, it will be the OWNER'’s
responsibility to schedule the required end-to-end tests. The TESTER shall
coordinate with the other utilities personnel to complete the necessary tests.

Load Check (Energized Circuit)

16.16.1 Currents

16.16.2 Voltage

16.16.3 Phase Angles

16.16.4 Manufacturer recommended in-service tests
Monitor DC Station Service

16.17.1 Ground Test - Test for and clear station battery grounds. Battery grounds must
be monitored throughout the construction and commissioning process. The
battery shall be tested for grounds at the beginning of each work day and
whenever a new DC circuit is energized.

16.17.2 For dual battery installations, verify that there are no cross connections between
batteries. The battery shall be tested for cross connects at the beginning to each
work day and when a new DC circuit is energized.

Documentation
16.18.1 Refer to Section 21 and Section 22 for the required documentation requirements.
Open Link - Lifted Lead - Jumper Log

16.19.1 After a new panel or cabinet has been determined ready for service by the
technicians, a log sheet will be kept at each panel / cabinet so that if any further
work needs to be done requiring open links, lifted wires or jumpers to be changed
can be tracked. Any changes will be logged on the form with the designation,
date, person’s name and reason why. When the work is completed, the
responsible person will then date and sign when the links, wires or jumpers are
returned to the original state.

16.19.2 During any commissioning phase which requires open links, lifted wires or
jumpers to be changed from original positions on existing panels or cabinets a
log sheet for that location will be implemented immediately. The responsible
person will log on the form the designation, date, person’s name and reason.
When the work is completed, the responsible person will then date and sign
when the links, wires or jumpers are returned to the original state. This procedure
includes any momentary changes necessary to perform the tasks at hand.

16.19.3 At the end of the project, the log sheets from each panel / cabinet will be
gathered and saved in the work folder or filed per the local field offices practice.

FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRITATE DEPARTMENT WEBSITE OR DOCUMENTUM.

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.

File: SMP 400.80.2 Substation Commissioning and Energization Originating Department: Sponsor: 11-034

Substation Work Methods Susan Fleck




Docket No. DE 19-064
Substation Policies - N Grid
Page 35 of 254

. . SUBSTATION MAINTENANCE Doc. # SMP 400.80.2
nationalgrid Procedure Page 25 of 70
Substation Commissioning and Energization Version 3.1- 08/31/12

17.0 REMOTE TERMINAL UNIT (RTU) COMMISSIONING

17.1  Commissioning Document

17.1.1

Verifies the operation of the Energy Management System (EMS) from the
equipment monitored or controlled to the system operator display

17.2 Commissioning of the RTU

17.2.1

Must be scheduled with the EMS center by submitting a request to the outage
coordinator for all work on RTU equipment.

17.3 RTU Start-Up and Configuration

Specific information on the tests is in the “Remote Terminal Unit Commissioning Test

Procedure”.

17.3.1  The RTU equipment must be verified against the drawings to insure the correct
equipment has been received.

17.3.2 The RTU Firmware and Configuration Software versions shall be recorded and
checked against the design documents.

17.3.3 The RTU configuration, drawings, and points list shall be checked to see if they
agree.

17.3.4 The software, dip switch settings, and board jumpers must be verified. The
battery supplying the memory card must be checked on the board.

17.3.5 The field installation shall be checked to see that the RTU is installed according
to the drawings and that the status and analog control point wiring is checked
from point to point.

17.3.6 Before any testing begins, all station test switches or slide links shall be opened
to isolate the RTU from station equipment.

17.3.7 The RTU will be powered up and the AC and DC input supply voltages measured
and recorded. The DC power supply output voltages on the RTU must be
measured and recorded.

17.3.8 Download the RTU configuration and verify it downloaded without error.

17.3.9 Test each Status, Control and Analog point locally via laptop connection.

17.3.10 The communication circuit between the RTU and the EMS center must be
checked against the network print and verified for correct operation. This test
must be coordinated with the EMS center technicians, and includes confirmation
that the circuit complies with NERC/CIP security requirements and as defined by
the OWNER. Verify that communication circuits will continue to operate with loss
of AC power.

17.3.11 For telephone circuits, power should be removed from the Positron set to insure

that communications continue with loss of power.
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17.3.12 Telcom Engineering is responsible to ensure all necessary telephone circuits

have been ordered and ensures they are available for the substation
commissioning and energization.

17.4 RTU Input/Output Testing

17.41

17.4.2

17.4.3

17.4.4

Each input and output from the RTU will be tested. Specific information on the
tests is in the “Remote Terminal Unit Commissioning Test Procedure”

The results of the testing will be kept by the EMS group. Points which have
tested correctly shall be recorded as in service on the database listing along with
any other information that would be helpful for future reference. A point
discrepancy form shall be completed for points that have problems and database
listing shall be marked to indicate problem.

Follow-up items shall be recorded on a punch list maintained by the EMS group
for corrective actions.

All field changes shall be recorded on engineering drawings and documents with
a copy to be returned to engineering for correction.

18.0 PANEL METER COMMISSIONING

18.1  Panel Indication Meters

18.1.1

Meters shall be tested by comparing its’ displayed and output values in
magnitude and direction against a known standard or by calculating the value
based on the inputs. If the device supplies the RTU, the value must be compared
to the value recorded in the RTU, the EMS database and the value displayed on
the operator’s screen.

19.0 REVENUE METER COMMISSIONING

19.1 Revenue Metering

Revenue metering will be commissioned per the latest revision of the “Meter
Commissioning and Site Verification Guideline”.

19.1.1

19.1.2

20.0 TRAINING

This procedure verifies the operation of the revenue meter from the device to the
desired recipient of the metering data to the Energy Management System (EMS),
and/or the Meter Data Services MV 90 information system.

The commissioning of the revenue meter must be coordinated with the receiver
of the data: EMS center or Meter Data Services for the MV 90 system.

20.1 The OWNER

Will identify and communicate the training requirements necessary to personnel who shall
operate and maintain the equipment based on type of apparatus being installed and
changes in operating requirements. The training requirements will be discussed and
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agreed to at the beginning of the project. The manufacturer’s representative(s) shall be
fluent in oral and written English to train the OWNER's operating personnel.

20.1.1  The CONSTRUCTION SUPERVISOR and/or PROJECT MANAGER shall
provide coordination of manufacturer’s representative(s) to train OWNER’s
operating and Control Center personnel as necessary in the use and application
of equipment and apparatus supplied for the project.

20.1.2 The TESTER and/or PROJECT MANAGER shall provide coordination of
manufacturer’s representative(s) to train the OWNER's operating personnel in
the use and application of protective relays, Remote Terminal Units, Digital Fault
Recorder, metering equipment or other associated controls and hardware for the
project.

20.1.3 The training shall consist of two seminars with both classroom theory (first
session) and practical "hands-on" training (second session). The classroom
theory training shall be conducted prior to delivery of any apparatus.

20.1.4 Once the project is near completion, the second seminar will be held, and shall
include "hands-on" oriented maintenance and equipment tests. A portion of
classroom time shall be included in the second session to review project
drawings and other site specific documentation.

20.1.5 The outline of the training course and any audio visual equipment requirements
shall be submitted in writing to the OWNER. Specific training topics required by
the OWNER will be discussed and agreed to at the beginning of the project.

20.1.6 Each two part seminar shall be limited to 8 individuals in multiple training groups.
Each session shall be identical in content. The party providing the training shall
supply a copy of all drawings, texts, slides or other instructional materials for
each individual. The OWNER shall supply the classroom facilities.

20.1.7 Training Documentation - One complete presentation of the training shall be
recorded in DVD format for the OWNER’s future use.

20.1.8 Twelve (12) copies of the DVD training CDs shall be supplied and the OWNER
permitted to make additional copies for internal use only with no additional costs
incurred.

21.0 DOCUMENTATION and REPORTING REQUIREMENTS

For all tests including Doble Engineering equipment, paper and electronic test results shall be provided
to OWNER. The TESTER shall document all test results for each test requirement outlined in this
specification. The test readings shall become benchmarks for all future evaluations.

21.1 Report Formats

21.1.1  The OWNER will specify at the initial meetings the acceptance and electrical
tests documentation and reporting requirements for paper and/or electronic test
results.

21.1.2 The CONSTRUCTOR shall complete all electrical apparatus and equipment
installation forms as outlined and specified by the OWNER.
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21.1.3 The TESTER shall complete all electrical apparatus an equipment test results
forms for each test requirement outlined and specified by the OWNER.

21.2 Nameplate Data

21.2.1 The CONSTRUCTOR/TESTER shall ensure that the nameplate data is collected
and documented using PR.02.00.027 Substation Work Order Summary for
equipment being installed or removed from service.

21.2.2 Equipment Data Forms (EDF) may be requested to be completed by the
OWNER to collect additional nameplate information for each new primary device,
electrical apparatus, secondary devices, or protection relays installed.

21.3 Test Results
21.3.1 Each test result shall include:
a. The date of the test

Name and contact information of the individual making the test

b
c. A description of the test performed
d The system or device tested

e

Test equipment used with the hardware identification number and
certification date

f. The results with any discrepancies or irregularities identified

g. Theinitial technical test data shall be provided to the OWNER on bond
paper for distribution

21.4 Relay Settings

21.4.1 The TESTER shall apply all approved protective relay settings and return to the
OWNER the setting sheet or electronic setting data as a certified
document/record.

a. The TESTER shall log protective relay setting and logic setting requests
upon receipt. Revisions shall be tracked. Upon completion, the TESTER
shall sign the cover sheet and return to the OWNER the completed forms
and the “as left” relay settings file downloaded from the protective relays.

b.  OWNER will specify the format of the “as left” setting file to be saved. The
saved file will normally be the same filename as the setting file followed by
_r which designates that this is a downloaded file. Example Andover
3_87T3 TD/OC_01_01_2009_r.mdb

21.5 As-Builts Test Records

21.5.1 At the conclusion of the project, the TESTER shall provide four (4) certified
copies of all test records for work performed. This includes conductor insulation
tests, ground resistance, circuit continuity, primary or secondary equipment tests
etc. The test data records shall be supplied in a bound indexed binder format.

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.
FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRITATE DEPARTMENT WEBSITE OR DOCUMENTUM.

File: SMP 400.80.2 Substation Commissioning and Energization Originating Department: Sponsor: 111-038
Substation Work Methods Susan Fleck




Docket No. DE 19-064
Substation Policies - N Grid
Page 39 of 254

, . SUBSTATION MAINTENANCE Doc. # SMP 400.80.2
nationalgrid Procedure Page 29 of 70
Substation Commissioning and Energization Version 3.1- 08/31/12
21.5.2 In addition to the required hard copies, all the records and documents including

2153

2154

test results shall be in an electronic DVD or CD format. Four (4) copies of the
electronic disks (DVD or CD) shall be provided.

A copy of the Protest Database that was used for protective relay testing will be
turned over to the owner when requested for periodic review during the project
and at the completion of the project.

OWNER has the right to request and the TESTER will provide test results or
database during the course of the project.

21.6  As-Builts Drawings

21.6.1

21.6.2

21.6.3

As-Builts are defined as specified changes noted on construction drawings that
identify changes per field modifications or observations.

The CONSTRUCTOR/TESTER shall return one copy of every drawing issued,
even if no field changes are made on the drawing. Follow Engineering Document
PR.02.00.005 Field Change Mark-Up and As-Built Drawings Procedure.

Mark-Up Requirement

a. As-Builts need to be submitted to the Station Engineering & Design
Manager

b.  As-Builts must be legible

c.  As-Builts must be made with red and green colors only. Additions should be
noted in red. Deletions should be noted in green.

d. Do not use white out to cover areas of the drawing. This makes it difficult to
determine what is changing.

Do not use highlighters to color photocopies
Original hand as-builts should be submitted

Use “stamped” sets for the returned as-builts

> @ ™o

One copy of every drawing issued shall be returned, even if no field
changes are made on the drawing.

As-builts from both Relay & Control and Stations should be on the same set
of drawings (or at a minimum submitted at the same time).

j- A second complete set of drawings including as-builts information shall be
kept in the substation for reference until drawings are issued by
Engineering and the substation set replaced.

k.  The individual responsible for the work should sign and date as-builts. That
way, if questions arise we know whom to contact.

l. As-Builts must be complete and thorough

1. Make sure that changes reflected on one drawing are also shown on
associated drawings. (Single Line, AC/DC, Wiring, Panel Fronts,
Physicals, etc.)
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2.  Show conduits with accurate dimensions to reference points such as
structures or equipment centerlines.

As-Builts should be inclusive of all disciplines.

As-Builts should improve the quality of drawings by correcting
ANY/ALL incorrect information shown on the prints affected, even if
the information does not pertain to that specific project.

m. All affected drawings and diagrams will be marked up as "Field Checks”
and returned to Functional Engineering department within 30 days from
acceptance date with notification to the Project Manager.

21.7 Power Equipment Decommissioning Documentation

21.7.1 The CONSTRUCTION SUPERVISOR shall ensure the Power Equipment
Decommissioning Worksheets section of this procedure is followed for all
electrical apparatus to be removed from service for disposal as defined for the
project.

21.8 Manuals and Instruction Books

21.8.1 All manuals, instruction books, or other manufacturer provided documentation
used by the TESTER / CONSTRUCTOR shall be provided to the OWNER for
distribution to local Substation Management and Substation Work Methods as
required.

21.9 The Tester shall

21.9.1 Document all test results for each test requirement outlined in this specification.
The test readings shall become benchmarks for all future evaluations.

21.10 Test Results - Each Test shall

21.10.1 Be accompanied by an initial test report including the date, name and contact
information of the individual making the test, a description of the test e.g. the
system or device and test equipment used with the hardware identification
number and certification date, the test results, and any discrepancies or
irregularities identified. The initial technical test data shall be provided to the
OWNER on bond paper for distribution.

21.11 Relay Settings - The Tester shall

21.11.1 Apply all approved protective relay settings and return to the OWNER a setting
sheet or electronic setting data as a certified document/record.

21.12 As-Built Test Records - Project Conclusion

21.12.1 At the conclusion of the project, four (4) certified copies of all test records for
work conducted by the TESTER shall be provided. This includes conductor
insulation tests, ground resistance, circuit continuity, primary or secondary
equipment tests etc. The test data records shall be supplied in a bound indexed
binder format.
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21.12.2 In addition to the required hard copies, all the records and documents supplied
by the TESTER, including test results, may be requested in electronic DVD or
CD format. Number of copies shall be determined by OWNER.

22.0 RELAY and WIRING TESTING DOCUMENTATION

For all tests including Doble Engineering equipment, paper and electronic test results shall be provided
to OWNER. The TESTER shall document all test results for each test requirement outlined in this
specification. The test readings shall become benchmarks for all future evaluations.

APPENDIX G - Current Transformer Excitation Form
APPENDIX H - Single Phase Secondary Current Injection Form
APPENDIX | - Three Phase Secondary Injection Form
APPENDIX J - In-Service Load Checks Form

APPENDIX K - AC Potential Circuit Secondary Injection Form
APPENDIX L - AC Potential Circuit In-Service Form
APPENDIX M - Functional Trip Test Form

APPENDIX N - Scheme Test Form

APPENDIX O - Relay Operating Test Form

APPENDIX P - Relay Test Lead Form

APPENDIX Q - Wave Trap / Line Tuner Form

APPENDIX R - Equipment Data Form

APPENDIX S - Open Link / Lifted Lead Log Form
APPENDIX T - Point-To-Point Wire Check

N
w
o

SUBSTATION WORK ORDER SUMMARY and EQUIPMENT/RELAY DATA FORMS

23.1 System Changes to National Grid substations

23.1.1 Must be provided to Substation Work Methods (equipment) or Protection
Services & Support (relay) for updating the Computerized Maintenance
Management System (CMMS) database.

23.1.2 Equipment/Relay Nameplate information shall be collected using the Substation
Work Order Summary form by the TESTER/CONSTRUCTOR for each individual
piece of apparatus being installed or removed from service.

23.1.3 Equipment/Relay Data Forms - When specified by the OWNER, Equipment Data
Forms (EDF) may be requested to be completed to collect additional nameplate
information for equipment being installed.

23.1.4 OWNER will supply the Substation Work Order Summary and EDF forms, if
required for the project, to collect the necessary information.
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23.1.5 The CONSTRUCTOR/TESTER shall complete the required Forms upon the
installation of the apparatus in an operating position and submit the data.

23.1.6  All completed Forms shall be submitted to the CONSTRUCTION SUPERVISOR.

23.1.7 CONSTRUCTION SUPERVISOR shall ensure completed forms are submitted
for the project folder and a copy provided to Substation Work Methods
(equipment forms) or Protection Standards & Support (relay forms) for updating
the CMMS database.

24.0 POWER EQUIPMENT DECOMMISSIONING WORKSHEET

241

242

243

244

245

Requirement

2411 Power Equipment Decommissioning worksheets are required for all apparatus to
be removed from service and disposed of as defined for the project.

The Owner shall:

24.2.1  Supply the blank Power Equipment Decommissioning worksheets to the
CONSTRUCTION SUPERVISOR.

Filling Out Form

24.3.1 A Power Equipment Decommissioning form shall be filled out by the
CONSTRUCTION SUPERVISOR for each individual piece of apparatus removed
for disposal as defined by the construction project.

The Construction Supervisor shall

24.4.1 Notify Investment Recovery and Substation Work Methods to coordinate
arrangements for apparatus disposal.

Reference

2451 Refer to Investment Recovery & Recycling Services SMP 471.03.2 - Substation
Equipment Decommissioning Procedure and SMP 471.03.3 - Substation
Equipment Decommissioning Check-List

25.0 ENERGIZATION PROCESS

25.1

Energization Process

25.1.1 The ENERGIZATION COORDINATOR shall be selected and named at the
Project Team kick-off Meeting.

25.1.2 The ENERGIZATION COORDINATOR shall obtain the names of those
individuals that will be responsible to complete the specific sections of the project
Outage Plan.

25.1.3 The ENERGIZATION COORDINATOR shall ensure that the individuals named to
complete the specific sections of the Outage Plan are informed if they were not
directly involved in the initial meeting and a copy of the list is provided to the
individuals listed on the form.
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25.1.4 The ENERGIZATION COORDINATOR shall inform the personnel designated to

2515

assist in the Outage plan at least one (1) month in advance of the upcoming
energization date and tentative rain date.

The ENERGIZATION COORDINATOR shall contact the appropriate Control
Center to ensure that the EMS screens are updated to reflect the new
installation.

25.2 Outage Plan

2521

2522

2523

2524

2525

25.2.6

The purpose of creating an Outage Plan is to create a step-by-step sequence of
what specific outages are required in order to accomplish Project Work. The
Outage Plan:

a. Wil allow a more accurate cost estimation for the Sanctioning of a project.

b.  Will provide Project Management and Operational Planning and Review
(OPR) a tool to sequence work on a long term portfolio basis.

c.  Will be a valuable tool to communicate plans with others, including other
Transmission Operators and Independent System Operators.

d. Is notintended to identify detail switching requirements or the sequence of
expanding and collapsing specific Clearance points. It has been a good
practice however for the Outage Plan to identify specific Outages required
to open and close loops.

e. Is notintended to replace TOA applications for scheduling work, however,
the Outage Plan will be a great tool to aid the Construction Supervisor
when submitting TOA applications.

The PROJECT MANAGER shall arrange for a team meeting for the development
of the project Outage Plan. The project outage plan should be submitted by the
Project manager to the Outage Coordinator for approval.

After the Outage Plan is created and approved, TOAs will be submitted in
accordance with the TOP-08 lead times.

The OUTAGE COORDINATOR shall:

a. Be a member of the project Outage Plan team

b.  Reviews TOA against LAR, TOG, and other conflicts for the Outage Plan.
C. Prepares a workable sequenced outage plan.

d. Notifies the major parties affected to establish the required switch persons.

The APPLICATION COORDINATOR receives TOAs based on the final/firm
outage plan with proper 'minimum’ lead times (10, 30, 120 days). TOAs are
reviewed for completeness and makes notifications as needed. Forwards TOAs
to OUTAGE COORDINATOR for processing.

The APPLICATION COORDINATOR assists the ENERGIZATION
COORDINATOR with energization plan - step by step details.

a. The Outage Plan shall include such items as but not limited to:
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25.2.7
25.2.8

1. Steps for the removal of grounds and releasing of corresponding
Clearances

A sequence of switching to energize or de-energize apparatus
Required phasing and synchronization tests

Load and operational tests required to place the apparatus or systems
on line without risk to the electrical infrastructure

The APPLICATION COORDINATOR sends approved TOAs on to Control Room.

The associated switching orders for the Outage Plan shall be forwarded by the
Control Room to the designated team members identified at the initial meeting for
review and implementation.

At least one (1) month before the anticipated initial energization date, the
PROJECT MANAGER, CONSTRUCTOR, TESTER, CONSTRUCTION
SUPERVISOR, CONTROL CENTER COORDINATOR, OUTAGE
COORDINATOR, APPLICATION COORDINATOR, and ENERGIZATION
COORDINATOR will meet to review the approved Outage Plan.

a. Note: additional time should be considered if the project outage plan needs

If deemed necessary by the ENERGIZATION COORDINATOR, an on-site
meeting will be held prior to the energization date to review details of the initial

a. Follow the TESTER/CONSTRUCTOR (TC) Checklist in Appendix C.

a. Follow the Energization Coordinator (EC) Checklist in Appendix A.

25.3 Outage Plan Coordination and Responsibilities
25.31
to be updated to meet TOP-08 lead times.
25.3.2
energization.
25.4 Responsibilities prior to and during the Energization process.
2541 The TESTER/CONSTRUCTOR shall:
25.4.2 The ENERGIZATION COORDINATOR shall:
25.5 Outage Coordination and Applications

2551

255.2

2553

Where new interconnections with adjacent foreign utilities are made, appropriate
steps shall be followed to establish the proper inter-company guarantees through
the utilization of the Clearance and Control Procedures.

The CONTROL CENTER OUTAGE COORDINATOR shall inform the ISONE or
NYISO of the planned and/or successful energization of the facility as required.

Once the facility has been turned over to the CONTROL CENTER, any further
testing or maintenance requiring the de-energization of equipment for Clearances
must be conducted per the current process and a TOA submitted for approval.
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25.6 Approvals for Energization

25.6.1

Prior to the energization of new facilities, the ENERGIZATION COORDINATOR
shall ensure that the required testing and certifications have been completed and
the results have been reviewed and found acceptable.

25.7  Steps Prior to Initial Energization

25.71

25.7.2

The ENERGIZATION COORDINATOR shall ensure that appropriate fixed taps
and load tap changing information have been provided to the CONSTRUCTION
SUPERVISOR. The tap positions and the LTC voltage level, band width, and
compensation settings shall be provided, installed, and verified before the initial
energization of the transformer.

Prior to energization, all deluge or fire protection systems, where installed, shall
be fully operational.

25.8 Phasing and Synchronization Steps

25.8.1

25.8.2

25.8.3

Phasing and synchronization tests shall be made by the TESTER on all circuits
that can be energized from two or more sources.

a. The phasing and synchronization is to be identified in the Outage plan.

b. A visual walk down inspection, where possible, shall be made prior to
energization to check for proper phase installations.

c.  When interconnecting with adjacent utilities using other than the phase 1, 2,
3 notation, proper correlation of phasing shall be made during the design
stage.

d. Following energization, phase identification and rotation shall be verified
before interconnection with the system or picking up load.

e. Phasing tests should verify transformer nameplate phase relationships.

Test operation of synchroscopes on control boards by comparing two potentials
energized from the same source.

a. Check and record all phase angles on all phases for permanent record.

After synchroscopes have been tested, test synchronizing connections and
synchronism check relays for individual lines

a. By operation of respective synchronizing switches, or removal of individual
potential sources to the synchroscope or relay

25.9 Load and Operation Tests

25.9.1

2592

For each step of the bus or equipment Outage Plan, the TESTER shall measure
and record:

a. Voltage checks on all applicable relays, meters, etc
b. Phase angle checks on all applicable relays, meters, etc

Once load is applied, the TESTER shall complete a final set of load tests and
checks to include, but not be limited to, the following:
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2593

2594

Current checks on all applicable relays, meters, etc
Voltage checks on all applicable relays, meters, etc

Phase angle checks on all applicable relays, meters, etc

a0 T oo

The measurements may also be made by obtaining the protective relay
records.

e.  Should breakers need to be opened to facilitate a load test, a TOA may be
required by the appropriate ISO when system load flow changes dictate.

The TESTER shall also record all circuit breaker operation counter readings, and
circuit breaker gas pressure readings, where applicable.

The TESTER shall perform a test on the new revenue meters to verify the meter
wiring and final accuracy, when there is sufficient load.

25.10 Operating Requirements

25.101

The ENERGIZATION COORDINATOR shall:

a. Coordinate with the CONTROL CENTER the development of the required
substation operating procedures for new or modified National Grid
substations as necessary.

b.  Ensure that changes to the substation Operating Diagrams are submitted to
Substation Engineering and Design for updating and distribution.

25.11 Trouble / Emergency Switching

25111

25.11.2

If either the SYSTEM OPERATOR or the Switch Person determines that there is
a safety or operational concern they must stop all switching and communicate
these concerns to the SYSTEM OPERATOR and the ENERGIZATION
COORDINATOR.

a. The OUTAGE COORDINATOR and ENERGIZATION COORDINATOR will
review the concern and modify the Outage Plan if necessary before
proceeding.

Under emergency conditions that endanger life or property, a qualified person
working for National Grid can perform switching to open apparatus without first
contacting the SYSTEM OPERATOR per EOP G014 Clearance and Control.

a. The person performing the emergency switching assumes full responsibility
for the switching and must inform the SYSTEM OPERATOR and
ENERGIZATION COORDINATOR as soon as possible.

b.  If a device is opened for any reason, it shall not be closed without receiving
permission from the SYSTEM OPERATOR.
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6.0 APPENDIX A - ENERGIZATION COORDINATOR (EC) CHECKLIST

ENERGIZATION COORDINATOR Checklist

Project Title: Project Funding No:

Name: Dept: Date:

The following checklist is not intended to be in sequential order
v' a checked box indicates item Completed  --- a strikethrough box indicates item Not Applicable

The ENERGIZATION COORDINATOR shall ensure that all of the following steps have been completed for the
energization phase of the project.

O EC1- Ensure the Commissioning and Energization Team Member list is completed.
O EC2- Collaborate with the OUTAGE COORDINATOR to develop the Outage Plan.

O ECS3- Coordinate with the CONSTRUCTION SUPERVISOR, TESTERS, and OUTAGE
COORDINATOR the necessary construction, testing, and operating requirements for initial
energization.

0O EC4- Determine and inform all concerned parties the method of voice communication to be used
during the commissioning / energization process.

O EC5- Ensure appropriate personnel are scheduled to perform the removal of personal protective
grounds, releasing of corresponding EOP G014 Clearances, and to perform the required switching
to energize or de-energize apparatus.

O EC6- Confirm all personal grounds are removed and grounding switches, if applicable, have been
opened checked opened, and locked in the open position.

O ECT7- Verify all circuit breaker air, SF6, or hydraulic pressures are normal.

O ECS8- Verify operations counters on all apparatus used for energization have been recorded.

O EC9- Confirm automatic reclosing has been disabled from circuit breakers used for energizing
apparatus or circuits

O EC10- Be present and witness the initial energization or operation of equipment.

O EC11- Ensure initial energization of equipment is performed in accordance with the energization
sequence per the Outage Plan.

EC12- Ensure all primary and secondary connections have been made and Clearance released in
order to initiate the Outage Plan.

EC13- Ensure load and power flows after initial energization are performed.

EC14- Verify voltage regulation and parallel schemes are operational.

EC15- Verify DGA sample is taken before energizing.

EC16- All transformers shall be allowed to remain energized after initial energization before
applying load to the transformer. Deviations from these times must be discussed with Substation
O&M Services prior to energization and development of the energization sequence.

0O EC17- Ensure additional DGA samples are taken within 1 week of initial energization and monthly
thereafter for the first three months

O

O0Ooano
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ENERGIZATION COORDINATOR Checklist

Project Title: Project Funding No:

Name: Dept: Date:

The following checklist is not intended to be in sequential order
v" a checked box indicates item Completed  --- a strikethrough box indicates item Not Applicable

|

EC18- Have full responsibility to hold the release of the new facility to the Control Center until any
and all issues associated with the initial energization have been satisfied

EC19- Coordinate the amendment of the initial Outage Plan if required, with the consent of
OUTAGE COORDINATOR.

EC20- Ensure all training required is completed for new apparatus

EC21- Ensure all reports are submitted by TESTER in paper and electronic format

EC22- Ensure a setting sheet or electronic setting data is submitted by TESTER

EC23- Ensure As-Built Test Records are completed and submitted

EC24- Ensure As-Built Drawings are completed and submitted

EC25- Ensure Change and Addition or Equipment Data Forms are completed and submitted
EC26- Ensure Power Equipment Decommissioning Worksheets are completed and submitted.

EC27- Ensure Acceptance Certificate — Part 1 OFF-LOAD Inspection and Acceptance Testing
Form is completed and submitted.

EC28- Ensure Acceptance Certificate — Part 2 — ON-LOAD Inspection and Acceptance Testing is
completed and submitted.

O EC30- If applicable ensures station operating diagram has been completed or updated as
necessary.

O EC31- Turnover facilities to Local Operations which includes all completed acceptance and
inspection/maintenance forms.

O EC32- Ensure all necessary Relay, DETC, LTC settings are available for installation.

0 B R B O O O

O

Special Precautions:
Note: The Control Center and Customer Operations designees shall de-energize the facilities
immediately if problems are encountered, or other unusual conditions are detected following initial
energization.
The OWNER, or his Representative, may stop energization from proceeding if such work, in their
estimation, will or may cause OWNER’S system to operate unsatisfactorily or jeopardize service to
its electric customers or if ISONE or NYISO so requires.

Notes:
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7.0 APPENDIX B - CONSTRUCTION SUPERVISOR (CS) CHECKLIST

CONSTRUCTION SUPERVISOR (CS) Checklist

Project Title: Project Funding No:

Name: Dept: Date:

The following checklist is not intended to be in sequential order
v' a checked box indicates item Completed  --- a strikethrough box indicates item Not Applicable

The CONSTRUCTION SUPERVISOR shall ensure that all of the following steps have been completed
for the commissioning phase of the project.

O CS1- Coordinate and oversee the physical installation and acceptance testing as required for the
commissioning phase of the project.

O CS2- Ensure all aspects for job safety are followed for the project, (i.e. Work Area Identification,
PPE, personal protective grounding, Eye Wash Station, Fire Extinguishers, etc.).

O CS3- Attend project meetings as required.
O CS4 - Assist in the development of the project Outage Plan and complete all steps assigned.

O CS5- Ensure the TOA process is followed and coordinates with the CONTROL CENTER and
ENERGIZATION COORDINATOR the appropriate zone of protection required to obtain the
necessary Clearances for testing and commissioning.

O CS6- Complete work required for initial energization. Note: No work is to proceed on primary
voltage existing facilities until authorization for Clearances have been given or obtained.

CS7- Obtain, hold, or ensure Clearance is in place on existing facilities to allow final permanent
connections to be made as required for construction or testing.

CS8- Verify required telephone circuits will be available for the project from Telcom engineering.
CS9- Participate in the Outage Plan and ensure TOA’s follow TOP-08 lead times.
CS10- Ensure all acceptance, electrical, relay testing is identified and who will perform.

CS11- Ensure technical inquiries, variances, and approvals are documented and submitted by the
TESTER. Notify appropriate departments or issues and resolutions.

CS12- Ensure Change and Addition process is followed and information is submitted online.
CS13- Ensure Equipment Data Forms are completed and submitted, if so required.

CS14- Ensure all Electrical Apparatus Inspection Cards are completed and submitted.

CS15- Ensure all training required is completed for new apparatus.

CS16- Ensure Power Equipment Decommissioning Worksheets are completed and submitted.
CS17- Ensure As-Built Drawings are completed and submitted.

CS18- In conjunction with the TESTER and ENERGIZATION COORDINATOR, perform necessary
corrective work required during initial energization if so required.

CS19- Verify settings and proper operation of AC Transfer Switch. Obtain transfer switch operating
requirements and settings from local substation management.

O CS20- Ensure Standby Generator installed and tested per SMP.

|

Ooooano
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CONSTRUCTION SUPERVISOR (CS) Checklist

Project Title:

Name:

Project Funding No:

Dept:

Date:

The following checklist is not intended to be in sequential order

v" a checked box indicates item Completed

--- a strikethrough box indicates item Not Applicable

O CS21- Ensure physical security of yard, doors, and alarms are functioning properly.

CS22- Ensure all required tests are completed prior to initial energization.

CS23- Coordinate with manufacturer’s field representative when such representative’s presence is
required for initial energization.

CS24- Provide personnel during initial energization as required.

CS25- Verify all secondary fuses are installed in their respective AC and DC circuits for initial
energization.

CS26- Coordinate an onsite walk through with the principle team members as required (PM,
TESTER, ENERGIZATION COORDINATOR) Assist the PM in the preparation of a Punch List.
The Punch List will identify items that require corrective measures or follow-up prior to energization.

CS27- Coordinate the completion of the Punch List items and informs the ENERGIZATION
COORDINATOR when the facilities installed are ready for initial energization.

CS28- Ensure Punch List (including site walk through) is completed and submitted with corrective
action items completed.

CS29- Complete appropriate sections of the Acceptance Certificate — Part 1 OFF-LOAD Inspection
and Acceptance Testing Form is completed and submitted.

CS30- Complete appropriate sections of the Acceptance Certificate — Part 2 — ON-LOAD
Inspection and Acceptance Testing is completed and submitted.

CS31- Turnover to Local Operations, and others as requested, all completed acceptance and
inspection/maintenance forms.

CS32- Ensure CONSTRUCTOR / TESTER site demobilization is completed.
CS33- Ensure all electrical equipment, perimeter gates, and control buildings have padlocks

installed as required.

Notes:
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28.0 APPENDIX C - TESTER/CONSTRUCTOR (TC) CHECKLIST

TESTER/CONSTRUCTOR (TC) Checklist

Project Title: Project Funding No:

Name: Dept: Date:

The following checklist is not intended to be in sequential order
v' a checked box indicates item Completed  --- a strikethrough box indicates item Not Applicable

a

Ooooooao
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|
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The TESTER/CONSTUCTOR shall ensure that all of the following steps have been completed during
the construction phase of the project.

TC1 - Participate in the initial Project Team Meeting, accepts, and/or assigns responsibilities as
required per the Project Management Playbook.

TC2 - Attend project meetings as required to review issues and work completed

TC3 - Review Engineering drawings prior to formal review (Page Turn)

TC4 - Review formal Engineering drawing issue.

TC5 - Create a set of working drawings to keep track of testing and as-built information.
TC6 - Participate in a Project Pre-Construction meeting.

TC7 - Develop and execute a secondary circuit isolation plane (See Appendix U).

TC8 - Coordinate the isolation and testing with the physical installation of the equipment and
construction schedule as required.

TC9 - Ensure all aspects for job safety are followed for the work being performed.

TC10 - Ensure TESTERS/CONSTRUCTORS are working under appropriate Clearances that
provide adequate work zone protection for the work being performed.

Note: No work is to proceed on primary voltage existing facilities until authorization for Clearances
have been given or obtained.

TC11 - Coordinate with the CONSTRUCTION SUPERVISOR to obtain the required clearances.

TC12 - Ensure technical inquiries, variances, and approvals are documented and submitted to the
CONSTRUCTION SUPERVISOR. Notify appropriate departments of issues and resolutions.

TC13 - Ensure Change and Addition process or Equipment Data Forms are completed and
submitted.

TC14 - Ensure Relay Data Forms are completed and submitted
TC15 - Ensure all training required is completed for new systems and equipment.
TC16 - Ensure As-Built Drawings are completed and submitted.

TC17 - In conjunction with the CONSTRUCTION SUPERVISOR, perform necessary corrective
work required during installation or initial energization. Ensure punch list items are completed and
corrective actions items submitted.

TC18 - Make final preparations (e.g. remove/add test leads or jumpers, close slide links) required
for initial energization.

TC19 - Complete all construction and testing required for initial energization.
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TESTER/CONSTRUCTOR (TC) Checklist

Project Title: Project Funding No:

Name: Dept: Date:

The following checklist is not intended to be in sequential order
v" a checked box indicates item Completed  --- a strikethrough box indicates item Not Applicable

O TC20 - Verify all necessary test blocks are in place.

O TC21 - Verify all secondary fuses sizes and that they are installed in their respective AC and DC
circuits.

O TC22 - Verify all required AC and DC supplies are in service and have satisfactory voltage.

O TC23 - Test for battery grounds before and during construction and prior to energization.

O TC24 - Verify all necessary trouble alarms are working and in service.

O TC25 - Verify all necessary communications for relaying are in service.

O TC26 - Verify all required oscillographs and other recorders have been installed and are ready to
operate if so required.

O TC27 - Verify grounding switches on coupling-capacitor type voltage transformers (CCVT) are
open.

O TC28 - Verify all required metering is in service.

O TC29 - Verify that turning on all pumps simultaneously on the transformer, if so equipped will not
operate the fault pressure relaying.

O TC30 - Obtain and install all necessary Relay, DETC, LTC settings.

O TC31 - Coordinate with manufacturer’s field representative for initial energization when such
representative’s presence is required.

O TC32 - Provide personnel during initial energization as required or on an as agreed to basis.

O TC33 - Ensure all tests are performed and documented on the appropriate forms and electronic
files are completed and submitted to the OWNER. The electronic format will be agreed to at the
project meeting.

O TC34 - Ensure the as-left protection setting sheets or electronic settings file are submitted to the
PROTECTION ENGINEER if so required.

O TC35 - Complete all steps of the Outage Plan as assigned.

O TC36 - Inform ENERGIZATION COORDINATOR that all protective relays, temporary protective
relays, back-up relaying, or other devices designated in the Outage Plan are in service or ready for
service.

O TC37 - Complete appropriate sections of the Acceptance Certificate - Part 1 OFF-LOAD Inspection
and Acceptance Testing Form is completed and submitted.

O TC38 - Ensure that the Substation Operating Diagram has been updated.

O TC39 - Perform current, voltage and phase angle measurements on all protection and metering CT
circuits.

O TC40 - Complete appropriate sections of the Acceptance Certificate - Part 2 ON-LOAD Inspection
and Acceptance Testing is completed and submitted.

O TC41 - Turn over all manuals and test documents to the appropriate personnel.

O TC42 - Update all necessary local and shared relay setting databases.
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Project Title:

TESTER/CONSTRUCTOR (TC) Checklist

Project Funding No:

Name:

Dept:

Date:

The following checklist is not intended to be in sequential order

v" a checked box indicates item Completed

--- a strikethrough box indicates item Not Applicable

Notes:

O TC43 - Update substation and office drawings with As-Built information.
0O TC44 - Initiate, monitors, and ensures site demobilization.
O TCA45 - Participate in a Post Construction Project Review Meeting.
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29.0 APPENDIX D - COMMISSIONING & ENERGIZZATION TEAM MEMBER LIST

Docket No. DE 19-064
Substation Policies - N Grid
Page 54 of 254

Project Initiation Project Team List Procedure PR.09.01.000 shall be followed to select team members. PROJECT MANAGER and
ENERGIZATION COORDINATOR are to ensure the Commissioning and Energization Team Members are selected at time of Project

Team Meeting.

Project No. CCCCCC Work Order No 9999999999

Description
Sponsor(s)
Project Team List
Issue Date:
Function Name Office Phone | Cell Phone Email (if not standard) Location

Project Manager

Electrical Engineer

Civil Engineer

Relay Engineer

Control & Instrumentation
Eng

Meter Engineer

Telecom Engineer

Transmission Line Engineer

Planning Engineer

Asset Sponsor

Design — Civil

Design - Structural

Design - Electrical
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Function Name Office Phone | Cell Phone Email (if not standard) Location

Design — Primary

Design — Secondary

Design — Admin

Design — Transmission
Design

Regional Environmental
Eng.

Permitting — Environmental

Legal

Substation Work Methods

Business Services

Station Construction
Services

Transmission Line Services

Meter, Relay &/or Testing
Field Supervisor

Power Delivery or O&M
Field Supervisor

Real Estate

Outage Planner

Dispatch/Control Switching

Dispatch/Control EMS

Dispatch/Control RTU

Safety
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Function Name Office Phone | Cell Phone Email (if not standard) Location
Security

Supply Chain Management

For Contractors acting as team members the Location field shall contain the name of the contracting organization and a full mailing

address.
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30.0 APPENDIX E - ACCEPTANCE CERTIFICATE - PART 1

ACCEPTANCE CERTIFICATE — PART 1 COMPLETION: OFF-LOAD INSPECTION and ACCEPTANCE TESTING

Project Title:

Project Funding No:

The Apparatus and/or Relays identified below have been satisfactorily OFF-LOAD tested per the required sections of Substation
Maintenance Procedure SMP 400.80.2 Commissioning and Energization Procedure and conditions specified in the contract. The
Apparatus and/or Relays may now be energized and tested in accordance with PART 2 of the Commissioning Plan. All appropriate
forms, Inspection Cards, and Tests Results have been provided to the ENERGIZATION COORDINATOR.

DESCRIPTION OF APPARATUS and/or RELAYS TESTED DESCRIBE WORK PERFORMED

—_

ClO|X | N~ ODN

EXCEPTIONS: OUTSTANDING WORK (List items that remain outstanding, remediation plan and responsible party).

ISSUED BY:

Date:

ACKNOWLEDGED BY:

Date:

FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRITATE DEPARTMENT WEBSITE OR DOCUMENTUM.
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31.0 APPENDIX F - ACCEPTANCE CERTIFICATE - PART 2

ACCEPTANCE CERTIFICATE — PART 2 COMPLETION: ON-LOAD INSPECTION and ACCEPTANCE TESTING

Project Title: Project Funding No:

The Apparatus and/or Relays identified in PART 1 of the ACCEPTANCE CERTIFICATE, and as listed below, have been satisfactorily
ON-LOAD tested per the required sections of Substation Maintenance Procedure SMP 400.80.2 Commissioning and Energization
Procedure and conditions specified in the contract and are available for operational service with any Exceptions or Limitations noted
below. The drawings and requirements for operational service of the Apparatus and/or Relays have been provided to the
ENERGIZATION COORDINATOR.

DESCRIPTION OF APPARATUS and/or RELAYS TESTED DESCRIBE WORK PERFORMED

—_

ClO|® N~ WIDN

EXCEPTIONS: OUTSTANDING WORK (List items that remain outstanding, remediation plan and responsible party).

ISSUED BY: Date:

ACKNOWLEDGED BY: Date:
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32.0 APPENDIX G - CURRENT TRANSFORMER EXCITATION FORM
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33.0 APPENDIX H - SINGLE PHASE SECONDARY CURRENT INJECTION FORM
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34.0 APPENDIX | - THREE PHASE SECONDARY INJECTION FORM

TA. PRI CIR OETE
CTLOC &ID Al [=1%] caE
CT RATID & TAPS GRD (5) LOC
CIR MEGGER CABLE #
—_—y
Sumping Quanifies  TEST 2ET FHALE
Aow | amip 8 0 & o BEUEHING
S = 2amp 120 2 g -120
Zom 3 amp g 240 §h +120 ELOCE
G = 173 amp i 2490 BUKMF FROM TAF 2
DEL"UiCE 2tud o D -Do E - EQ F-Fa

SURDEHN & 2 AMPE =
SURDEN 1 1 AMPS =
SEURDEN ' T AMFE =
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35.0 APPENDIX J - IN SERVICE LOAD CHECKS FORM

IM SEREVICE / LOAD CHECES

ETATION: DATE:
CIRCUTIT: RET:
BACE oF TECHE'S:
CIRCUIT FH | 5TUD | CT
BATIO
NOTE:
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36.0 APPENDIX K - AC POTENTIAL CIRCUIT SECONDARY INJECTION FORM

AC POTENTIAL CIRCUIT SECONDARY INJECTION

STATION: IDATE:

CIRCUIT: [CABLE# [PANEL%
BUMPING FROM:

VA = VB = VC=

CIRCUIT

FPHASE| STUD PHASETOPG ||[PHASE| STUD

PHASE TO PHASE
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37.0 APPENDIX L - AC POTENTIAL CIRCUIT IN-SERVICE FORM

AC POTENTIAL CIRCUIT IN-SERVICE MEASUREMENT

STATION;

IDATE:

CIRCUIT:

NOTE:

REF:

CIRCUIT

PHASE| STUD PHASETOPRG ||PHASE| sTUD

PHASE TO PHASE
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38.0 APPENDIX M - FUNCTIONAL TRIP TEST FORM - Sheet 1,2, &3

[Fill in information
in blocks below:

Office:

National Grid

CWu:

22212

Station Name:

Somewhere

Voltage kV:

345

File name:

Somewhere

345 Trip Test.xls

Make sure this file name matches what is actually saved

.‘_?e.‘ay Operations Group
MNational Grid

Type 1 Test Trip Report
Station:

Test Date:

22212

Somewhere

kV: 345

File: Somewhere 345 Trip Test.xis

October 13, 2009
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Fill in information
in blocks bhelow:

Office: [National Grid

CWU:J22212

Station Name:|Somewhere

Voltage kV:]345

File name:Jsomewhere 345 Trip Testxls

Make su

e this file name matches what is actually saved

Relay Operations Group

National Grid

Station:
Test Date:

Type 1 Test Trip Report

22212

Somewhere
_'l._|ll_

kV: 345

File: Somewhere 345 Trip Test.xls

October 13, 2008

Circuit

Svste-ﬂ

o-T Date
4 b

Remarks
_
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Fill in information
in hlocks below:
Office: |National Grid
CWU:|22212
Station Name:|Somewhere
Voltage kV:[345
File name: |somewhere 345 Trip Testxls Make sure this file name matches what is actually saved

Relay Operations Group

October 13, 2009

National Grid 22212
BFI Functional Test kV: 345 Techs:
Station: Somewhere
Test Date: File: Somewhere 345 Trip Test.xls
Links Links |Links
& Open |Clsd
Circuit BFI Source Yes| Mo | Trip Relay Location |A|B|lA|B Remarks
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39.0 APPENDIX N - SCHEME TEST FORM
SCHEME TEST
WORK ORDER:
Scheme test on Leeds Cap#1
“CKT SWR #2166 FAILURE & POLE DISAGREEMENT ¢
DEVICE CONTACTS TEST DEVICE SWITCH TARGETS
[]89/CS/SWR #2166 22T
(1201 T/SWR #2166 7.8
[]94/SWR #2166 111,112 TS#-3/CAP #1 4.5
[]94/CAP#1 111,112 TS£1/CAP#] 8,9
Not In Service [ | 86B/CAP #1 315,316 TS#£-1/86B/CAP#l 6.7
L] 86A/CAP#1 2,2C TD-1/86A/CAP #1
) [] 04BF-1/SWR£2166 [
DEVICE : a2/SWR# 2166 62BF/SWR#2166 —» Operates — 94BF-2/SWR #2166 []—» []
RELAYS ABO\'Ejr~ Thru & Operates & 74-4 SWR#£2166 [
~ 9/SWR#2199 62/SUSWR#2166 [ ] R
b ]
Seals in trip from relays [ ]
2199 closed & 2
Jumper from TS#3
TS#2/PD (13) to simulate close switches
DEVICE : ] ] 94BF-1/SWR#2166 [ ]
50 PD/SWR#2166 —» Operates —p 62PD/SWR#2166 — Operates < 94BF-2/SWR #2166 ]
(TS-2/PD 2,17) T4--3.-"S\X-’R#2166\ ]

TESTER: F Agostino, W Kellogg
DATE: 09/26/08
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40.0 APPENDIX O - RELAY OPERATING TEST FORM

RELAY OPERATING TEST

STATION: BREAKER: DATE: TESTERS:
TIMING/ FIRST SHOT COUNTER:
Trip I Test#: MCon-: Start:
Profiler & Close Test #: MCon- # of Trips-
Trip 2 Test # MCon: End-
DCon Close  Inl. Min_;
No timing, breaker open before fest [
TRIPS:
TRIP COIL #1 TRIP COIL #2
Device: Contacts] Test Device / Studs: Device: Contacts] Test Device / Studs:
O |
| |
O |
O O
| |
| O
O O
| O
| O
| O
TIMER /RECLOSE: BLOCKS:
Conditions. Operared. Device: Contacts: 15 2°%: 3%°- duto: Man..
I* Reclose: O O O o o O
2 Reclose: O O o g o O
3 Reclose: O O I o R O
RS Contact O o O o o O
Lockaut: ] O 0Oa o |
Reser: (] O 0O a o O
Manual Close: L] O o o o |
O o o g O
EMs RE0 3388 8
Open O Close O Status
43 Switch
In manual blocks — [ |
ALARMS ANTI-PUMP In aute fauto/man) blocks ———» [ O
Local O OK 0O In off blocks —_— O
In test blocks — [ Od
In HS blocks e — N O
REMARKS:
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41.0 APPENDIX P - RELAY TEST LEAD FORM

EELAY TESTLIST

ATTACHMENT 7

Drata:;
STATION MNo. | DESCRIFTION: Panal Identification
Frotectad Element: Trapsnussion Line, Bus, Transformer
ITEXM RELAYype | WMPC DESIGWATED RELAYS TOTAL
FUNCTION (CET/FDRE/TE)
Exarnple: 1 SELAET BT TE! 1

RELAY TOTALS
Performed by: __ Company: Drate:

Print Xame Signature
Approved by: Cormpany: Diate:

Print N ame/Signature
Reviewed by Company; Dhate;

Print Xame Signature
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42.0 APPENDIX Q - WAVE TRAP / LINE TUNER FORM

Fraq [KHZ) |K OHME HATIOHAL GRID USA DATE: CARRIER FREQUENCY: | 245 [ KHZ
301 n.o2 SUBSTATION | STATION NAME LIME - DTT FREGQUENCY - MWis | KHZ
306 024
311 0.7
6 0.3
WAVE TRAP ( A PHASE)

316 044
37 045
e 043
328 05 35
330 0528
319 0.5
i1z 0.5
333 0.65 3 a WII
314 0.7
315 075 oy
2 \
16 .65
37 | 0ss % 25 /'
315 1015 o
329 | 10 v j
340 1.5 = 2
341 173 i / !
347 2
343 25 {é y \
344 3 < 15 4
345 E O
346 2 E \
347 25 )
48 z s 1 i ;
349 175 - / \.
350 1.5 ] \‘1
31 13 05 Pl g ¥l
352 1.2 - 5 i
303 n.es — “‘,’, HH‘
E 0.ES
iES | 0E () M0 et i o s o v
’f-f E'IJ-E'_'_ 3T 3N EL1 3T 329 330 333 335 337 330 340 343 245 347 340 350 353 355 357 350 360 ST 27T 387
fabs R
%6 | 0e FREQUENCY (KHZ)
35D .53
350 055
31 05
36.2 0.43 Wave Trap Make: TRENCH LINE AMPS : 2000
T 0.4 TYPE Single Freq. |Adjustable) FREQ. RANGE:| 30 -390 KHZ
iz 0.34 MODEL # L2000XZ0265-632PA1 CLASS: H
Erikg 0.24 5NE 0050385-1
382 0.05 L-TAP i
8.7 0.23 C-TAP 12384
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SUBSTATION: DATE:
LINE: SYSTEM:
LINE TUNER TEST PERFTORMANCE
CARRIER DTT

CARRIER TRAP UNIT (PARALLETL L & C) DTT TRAP UMIT (PARALLEL L & ©)
Trap o block DTT Sraquancies, Trap 1o block CARRIER. Sequencias,
CAREIER side of funer cabinat. DTT side of comar cebimet.

LTI ERED. LTTER CARRTREG. [ CARRTRED
FREQUENCY | i CARK o DTT SIDE | DSOLATION FREQUENCY | w CARREIDE | @ DTT SIDE | DSOLATION
wHL OB'S L' Le's KHE LE's I=s OE'S

CAREIER TUNING UNIT {SERIES LiC) DT TUNDNG UKIT (SERIES L&C)

IMPEDAKCE MATCHING IMPEDANCE MATCHING
TRANSFORMER. (IMT) TRANSFORMER, (IMT)
FREQUENCY | REFLECTED FREQUENCY | EEFLECTED
EH7 POWEE KHI POWER
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43.0 APPENDIX R - EQUIPMENT DATA FORM

Substation:
OF Position:

Equipment Data Form — Relays

Equip No. | 11

Pacleage: (A, B) |:|

Mominal YV

Equipiment:

E

hanufacturer: | |

Item:

Vendor:

Serial No:

Eelay Design Tvpe: (EM, 535, uF) | |

Firmware Version: | |

Batic Relay Range: | |

Warrauty Dhate:

Installation Diate: | |

Remarks: |

228706

-

blame: | Date Comiplatad: |
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44.0 APPENDIX S -

OPEN LINK/LIFTED LEAD LOG FORM

OPEN LINKE_LIFTED LEAD_JUMPER REMOVED LOG SHEET LOCATION

al il [=F ]

Link Cypesresd Link Clomed,

i irs lit=d, Tanparmibls s lareled, Tanparm bs
Oeslgnaikan o parn rem oeas o ] [LET L il Sump=n raplace=d S ]
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45.0 APPENDIX T - POINT-TO-POINT WIRE CHECK

Job Aid:

Point — To — Point Wire Checlc

- All Protection wires should be "checked after all wiring "has been terminated and considered finished.
- Using an eledrician at either end of the wire, lift the wire and pass current. (Light, phone, or other equivalentinstrument.
This needs to be performed one wire at atime, No multiplewire checks.

- With radio or phane communication confirm the follovdng.

- Each electician has the end of the same wire being cheded.

- That the wire tagis in place and is the same at each end.

- That the wire number is comect.

- Cable # is cormect.

- Wiire color code is correct and is the zame at each end.

- That the end of the wire is terminated in the right place. (Chedowith drawings)

- 1000w megag| to ground test iz performed.

- Record the abowe infarmation in 3 preprinted form, to docwment the chedh.

- Re-terminate the wire,

- Physically pulltug on the wire to confirm that it has seated fimmly. (Record the re-temnination.)

- 3o to the nextwire and perform the steps in the same manor.

Job Mame & Location:

Diate:

Electricians Mames:

Company Name & Location:

Cable # Wire #

iyire
Colar

Equipment Equipment Wire Tag Meger to
From To Check Check Ground 1000y

Terminal Point Re — Terminal
Check Paint Check
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46.0 APPENDIX U - TESTER/CONSTRUCTOR ISOLATION GUIDE for SECONDARY CIRCUITS

nationalgrid

PREFACE

Prior ta the retivement of old and installation of nesy wiing and circuits in an operating station, it is eszential
that in addition to the primary high voltage protection points estaklished by the clearance, additional protection

must be establizhed for secondary power and relay and control schemes. The circuits and schemes include:
11 AC station service circuits
1.2 D station service circuits
1.3 Waltage Transformer Circuits
1.4 Current Transformer Circuits

145 Trip and Close Circuits from primary relay packages, secondary relay packages, breaker failure
zchemes, EMSECADA and special protection schemes.

16 Cammunication Circuits for teleprotection and other communication channels that may interface
directly with the digital relays.

A Secaondary Circuit [zolation Plan shall be developed by the Constructor and Tester. The following procedures
and documents should be consulted to develop the plan:

1.1 MG-USA EOP G014 Clearance and Control - This procedure provides the steps and
documentation necessary to establizh proper tagging of secondary circuits of 600 volts or less,

12 PR.O5.02.001: Protection System Security: Removing Protection to Facilitate Construction - This
procedure provides the steps necessary and approval required to remave protective relays and
zchemes from service.

1.3 PR.10.03.005 Protections Systems: Mitigating Mis-operations during Construction - This
procedure provides the steps necessary to prevvent inadvertert operations during panel and
cabinet cuttingfremaoval.

14 MG-EQP G001 Current Transformers - Thiz procedure provides the steps necessary to safely
waork on current trareformer (CT) circuits inthe de-energized or energized state.

14 Poweer Control order - PCO 7-3; This document outlines the TCC outage procedures that must be
fallowwed by the Constructar and Tester during all primary and secondary construction and
mairtenance work.

In addition, a simple seven step approach to decommissioning was developed to aid the Constructor and
Tester. The first three steps invalve circuit izalation and the last four steps invalve wire cutting and remawval.
The zeven steps of decommizzioning will enzure a safer wirksite as well as mitigate the potential for
unplanned incidents during construction.

Sitnilar to the six steps of switching, the Seven Steps of Decommissioning is meart to guide the Constructor
and Tester through a formal process that ensures a safe and secuwre environment wwhile engaged in any type of
zubstation construction project where there iz collaboration between multiple dizciplines.

DOCUMENT COMTENTS

Takle of Contents

SEWEM STEPS OF DECOMMIZZIOMIMG .o 2
10 SECOMNDARY CIRCUIT ISOLATIOR: e e 2
20 SECONDARY CIRCUIT WIRE CUTTIMG AMD RERMOWAL 3
SMA 400101 3 Wershon 10 oW 12

Appendte U ot SMP 400802 S1tetton C om miss o 16 3nd Ebe i £t Fage 1o d
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47.0 APPENDIX V - TEST and COMMISSIONING RESPONSIBILITY MATRIX SAMPLE

nationalgrid

e TestinzActivity Contracor | 94| ‘pro | pro. | S| Fmish Renmrks
# 0&EM Relay | Tel Daie | Date
1 |Comtrol Buildinzand Yard Test
2 EDP-RYF 9.2 Grommd Grid Resistance and Ground Grid Continuity
Z SMP 402,022 AC Station Service Checks
& SMF 405,012 Emergency Generator

Charpger: SMP 406.03.2
|9 Lead Acid: SMP 406012 DCStation Service

Hidde Cadmium: SMF 406,022

] To be Determined Control Building P owwerand Lighting
7 Tao be Determined Control Building HVAC
=] To be Detarmined Control Building Fire Equipment
El To be Determined Control Building Security Sy sem
10 To be Determined Saton Signape
11 To be Determined wild life Comtral Measures
12 To be Detarmined LockingProvisions
13 |Electrical Ayyaratns Test

Vaanum: SMP401.03.2
14 GasPuffer: 401062 Circuit Breakers

Profile Testing: SMP401.20.2

15 Fower Transformers
1c EMF 403,012 Instument Transformers
17 Volta ge Repgulating E qui

Charger: SMP 40£.03.2
is Lead Acid SMF 406,012 Battery and Charpger System

Hidde- Cadminm: SMF 406,022
19 BushingFotential Devices
2n EMF 407.02.2 CCVT=
21 EMF 407,032 Wawe Traps/Line Tuners
22 SMF 402,012 CapacitorBanks
23 SMP 409,012 Disconnect Switches
24 SMF 409.02.2 Circuit Switchers
25 To be Determined Metal Clad Switchgear
a6 SMF 419,013 Surge Arrester
a7 To be Detarmined High Voltage Bus
79 | Comtrol Cable and Wiring Testing
e
an Continnity and In=ilation Test [1000%) from CH to Yard
ki AC/DC Station 5 ervice Cable Checks Inmilation Test [1000%)
“ersioin 1.0 /201 2
ShiP 4001023 Appendix Y of SMP 400.80.2 Substation Com missioning and Energization 1ofd
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48.0 REVISION HISTORY

Version Date

Description of Revision

1.0 07/30/09
1.1 10/13/09
2.0 04/01/10
3.0 04/20/12

Initial version of document.

Section 22 Revised Appendix Titles.
Replaced Appendix G through S with updated forms provided by PTO.

Revised Definitions

Update Appendix A — EC Checklist

Updated Appendix B — CS Checklist

Updated Appendix C — T/C Checklist

Inserted Project Initiation Project Team List Procedure PR.09.01.000 form to be used for selection
of Commissioning and Energization team members.

Section 23 — Updated C&A process.

Updated throughout.

ACCOUNTABILITY - Changed

REFERENCES - Changed “Investment Recovery Document Substation Decommissioning
Procedure SMP IRP 313.2” to “Investment Recovery Document Substation Decommissioning
Procedure SMP 471.03.2”

Originating Department - Changed “Substation O&M Services” to “Substation Work Methods”
Sponsor - Changed - “Donald T. Angell” to “Susan Fleck”

Section 3.1.7 - Added

Section 4.1.11 - Added

Section 4.1.12 - Added

Section 5.1.4 - Added

Section 6.1.13 - Added

Section 6.1.14 - Added

Section 10.0 - Changed “... REQUIREMETNS” to “... REQUIREMENTS”

Section 11.0 - Changed “... REQUIREMETNS” to “... REQUIREMENTS”

Section 12.0 - Changed “... REQUIREMETNS” to “... REQUIREMENTS”

Section 12.1.1 - Changed “... are being installed. The TESTER shall refer ...” to “... are being
installed. Provide the Testing and Commissioning Responsibility Matrix to the Constructor and
Tester. The TESTER shall refer ...”

Section 13.1.1.g.1 - Changed ‘... shall be discussed and agreed to with the CONSTRUCTION
SUPERVISOR.’ to ‘... shall be on the Point-To-Point Wire Check Form.’

Section 14.0 - Changed “... CONSTRUTOR ...” to “... CONSTRUCTOR ...”

Section 4.1.6 - Added

Section 21.0 - Changed “... REQUIREMETNS” to “... REQUIREMENTS”

Section 21.2 - Changed 21.2.1 & Added 21.2.2.

Section 21.12.2 - Added.

Section 22.0 - Added ‘APPENDIX T - Point-To-Point Wire Check’

Section 23.0 - Changed Heading ‘CHANGE & ADDITION PROCESS and ... to ‘SUBSTATION
WORK ORDER SUMMARY and ...’

Section 23.1 - Updated

Section 24.5.1 - “... Services IRP 313.2.1 - Substation Equipment Decommissioning Procedure and
IRP 313.3.2 - Substation Equipment Decommissioning Check-List” to “... Services SMP 471.03.2 -
Substation Equipment Decommissioning Procedure and SMP 471.03.3 - Substation Equipment
Decommissioning Check-List”

Section 25.2.1 - Updated

Section 25.2.2 - Changed to 25.2.3

Section 25.2.3 - Changed to 25.2.2

Appendix C - Replaced (many items were updated)

Appendix T - Added
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Appendix U - Added
Appendix V - Added
3.1 08/31/12 Accountability - Changed “... Transmission Operations, Substation O&M Services, Substation

O&M, Protection, Telecom and Operations (PTO), Work Delivery, and Construction & Services
organizations involved in Substation ...” to “... Transmission Operations, Substation Work Methods,
Substation Maintenance & Construction, Protection, Telecom and Operations (PTO), Work
Delivery, and Construction organizations involved in Substation ...”

Section 1.3 - Changed “... designated by Substation O&M Services responsible to ...” to “...
designated by Substation Work Methods responsible to ...”

Section 1.3 - Changed “... Meter, and Station O&M as required ...” to “... Meter, and Substation
Maintenance & Construction as required ...”

Section 1.6 - Changed “... Meter, Stations O&M or TEST ...” to “... Meter, Substations
Maintenance & Construction or TEST ...”

Section 6.1.3 - Changed “... as required (PTO, O&M Services, Control Center ...” to “... as required
(PTO, Substation Maintenance & Construction, Control Center ...”

Section 10.1.2 - Changed “Refer to National Grid SMS 400.90.1 Approved Test Equipment for
calibration requirements.” to “Refer to National Grid NG-EOP G032 for calibration requirements.”
Section 10.2.2 - Changed “... listed in the SMS 400.90.1 Approved Test Equipment or as approved
..."to “... listed in the NG-EOP G032 or as approved ...”

Section 11.11.1 - Changed “Check that all required signage is installed per SMS 400.84.1
Substation Signs and Placards.” To “Check that all required signage is installed per ST.03.06.001
Substation Signs”

Section 11.13.1 - Changed “Substation O&M Services shall coordinate ...” to “Substation Work
Methods shall coordinate ...”

Section 12.4.7 - Changed “SMP 403.02.3 Coupling ...” to “SMP 407.02.3 Coupling ...”

Section 12.4.14 - Changed “SMP 417.03.2 Open Air Substation Bus Procedure” to “SMP 417.02.4
Outdoor Open Air Bus Procedure”

Section 21.2.1 - Changed “... using the Substation Work Order Summary - Plant
Additions/Removals form, PR.09.02.A0K, for equipment ...” to “... using PR.02.00.027 Substation
Work Order Summary for equipment ...”

Section 21.8.1 - Changed “...Management and Substation O&M Services as required.” to “...
Management and Substation Work Methods as required.”

Section 23.1.1 - Changed “... provided to Substation O&M Services (equipment) or ...” to “...
provided to Substation Work Methods (equipment) or ...”

Section 23.1.7 - Changed “... provided to Substation O&M Services (equipment forms) or ...” to “...
provided to Substation Work Methods (equipment forms) or ...”

Section 24.1.1 - Changed “... and Substation O&M Services to coordinate arrangements ...” to “...
and Substation Work Methods to coordinate arrangements ...”
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INTRODUCTION

This procedure describes the processes associated with an electric fence. It includes the installation,
inspection and maintenance, and disassembly of an electric fence.

This fence uses an impulse electric fence energizer. The fence is not part of the electric distribution,
electric transmission or electric generation system therefore rules involving working on or near primary
voltages such as clearance and control, minimum approach distances, testing de-energized and
grounding do not apply.

PURPOSE

The purpose of this procedure is to define the procedure for installing, inspecting and maintaining, and
disassembling a TransGard Electric Fence.

ACCOUNTABILITY

This procedure applies to all National Grid personnel who work on National Grid Transmission and
Distribution Substations.

COORDINATION

Not Applicable
REFERENCES
National Grid Safety Handbook

TransGard Fence Systems Installation/Operating Manual
ST.04.18.002 - Animal Deterrents in Electric Substations
SMS 400.85.1 - Substation Wildlife Mitigation Program

User Manual - Fault Finder Handset

DEFINITIONS

Not Applicable
TRAINING
Not Applicable
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GENERAL

1.1

Animal intrusions into electric power substations are one of the most common causes of
electric power outages throughout the country and have been one of the most prevalent
and most costly nuisances to the electric utility industry since the earliest days of power
transmission and distribution. The costs associated with these outages are escalating and
will continue to do so.

1.2 An electric fence is a type of animal deterrent in substations. Refer to ST.04.18.002 —
Animal Deterrents in Substations for a listing of animal deterrents. TransGard is the
approved vendor for electric fences.

1.3 This document covers the following processes with an electric fence:

1.3.1 Installation
1.3.2 Inspection and Maintenance of Electric Fence
1.3.3 Disassembly

SAFETY

2.1 When entering a substation with an electric fence, the following steps shall be done:
2.1.1 Check with Dispatch regarding the EMS automatic alarm.

2.1.2  Turn the electric fence’s power off.

21.3 Check to see if the light and meter measuring current for the electric fence are
off. These items are located near the knob that turns the electric fence off.

214 Use care when working inside the fence control panel as there are some
components that may be hot, and others that are energized with 120VAC station
power supply even when the switch on the outside of the panel is in the off
position.

2.2 If the fence impedes on the work zone or in the way of the construction & maintenance

activity or blocks easy exit from the work area, disassemble the animal fence by following
the process below.

INSTALLATION OF ELECTRIC FENCE

3.1

3.2

3.3

Refer to TransGard Installation/Operation Manual for the proper steps to install an electric
fence.

Leave enough room around structure / components inside the enclosure to allow workers
to easily move about without having to disassemble the fence.

Be certain that the non-electrified gateway is earth grounded with 3/0 or 4/0 conductor and
that it is tied to the grounding of the substation.
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4.0 INSPECTION AND MAINTENANCE OF ELECTRIC FENCE

4.1

4.2

4.3

If a worker is going to come into contact with the fence for the purpose of disassembly,
trouble shooting, or during a maintenance / repair activity, then the use of Stations Control
Tagging is required

The electric fence shall require inspection and maintenance during bi-monthly substation
V&O inspection routine.

The following items shall be inspected and maintained:
4.3.1 The meter lights are able to be turned on.

4.3.2 The proper amount of stone is placed on the fence posts, stands, and Gateway
Unit.

4.3.3  The fence is properly aligned and level.

4.3.4 The jumper wires are connected and not damaged.

4.3.5 The fence and its stands are not damaged.

4.3.6 Stone is properly placed under fence to deter animals from intruding.
4.3.7 Insulating post is properly placed on stand.

4.3.8 Proper operation of the fence Energizer utilizing the Speedrite™ device.

4.3.9 Replace the energizer every three years

5.0 TROUBLESHOOTING

5.1

5.2

If a worker is going to come into contact with the fence for the purpose of disassembly or
trouble shooting or during a maintenance/repair activity, then the use of Stations Control
Tagging is required.

A testing device shall be used to determine if there is enough voltage at the output.
Readings shall be taken around the fence. Straps and jumpers shall also be checked.
Speedrite™ — Fault Finder Handset shall be used.

5.2.1 Voltage does not register
a. Ifthere is no voltage reading at all:

i. Check the voltage at the Gateway first. If that’s bad, then the
fault is in the controller.

ii. Check that all insulators are present.

iii.  Check all panel connections.
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5.2.2 Voltage is too low

a. Check the first ten sections to the left of the gateway at the end of the tenth
section.

i. If the reading is low, backtrack until you find the individual
section that is bad.

ii. If the reading is good, proceed to the next section of ten and so
on, until you find the faulty section.

5.3 The door at the Gateway may hit the fence. This should no longer be an issue with fences
purchased after September 2009. If this problem is found, contact Transgard to request
gate stop.

5.4 Control panel LED is not lit
5.4.1 If no voltage across the switch, replace.
55 Fence Energizer
5.5.1 Energizer LED is not lit.
a. If power to energizer checks out OK, replace energizer
55.2 Energizer LED is in a continuous red condition
a. Replace energizer

55.3 Energizer LED is cycling from red to green and not reaching a continuous green
condition

a. If no shorts found on fence panels, replace energizer
5.6 Control Center Voltmeter on Gateway
5.6.1 No movement on control center voltmeter at 0 or 10,000 volts
a. 1f 8,000 to 10,000 volts detected at fence, replace control center voltmeter
5.7 Fence panels
5.7.1 Control center voltmeter not cycling to 10,000 volts
a. Repair fence as needed
5.8 Procedure for detecting faults in fence
5.8.1 Turn off power to fence

5.8.2  Verify that all fence stand insulators are installed correctly. With a screwdriver
carefully pry off the black caps on each end post. By looking inside the end post,
ensure that there is an insulator installed on each fence stand, replace caps with
a rubber mallet.

5.8.3 Verify all panel-to-panel 12 ga. non-insulated jumper wires are installed correctly
and tightened.

5.84 Turn on the power to fence
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5.8.5 Walk the perimeter of the fence enclosure and look for, and listen for faults. You
may see an arc or you may hear the snapping sound of the fault.
5.8.6 Using a Fault Finder Digital Fence Meter (Speedrite™) check the voltage on the

first 10 fence panels to the left of the entryway at the end of the tenth section. If
the reading is low at that point, backtrack toward the entryway until you find the
faulty section of fence. If the readings are good on the first 10 sections then
repeat this procedure for the next 10 fence panels. Continue this until the faulty
section is isolated.

5.9 Alternate Procedure for Detecting Faults

5.9.1
5.9.2
5.9.3

594

5.9.5

5.9.6

Start close to where the energizer lead-out wire connects to the fence.
Press the ‘I' button

Align and insert the fence into the fault finder slot, ensuring fence wire touches
the fault finder contact. Note the current reading (in amps) in large numbers.

Traveling in the direction of the current flow, work your way along the fence line
taking readings at regular intervals and at all junction points. At a junction, follow
the branch that indicates an abnormal current reading. Each time you take a
reading, compare it with the previous reading (this displays briefly in the top, right
hand corner of the screen each time the handset is turned on).

A significant reduction in current between one point and the next indicates the
presence of a fault between these two points.

Move back in the direction of the previous reading until fault is located.
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6.0 DISASSEMBLY OF ELECTRIC FENCE FOR MAINTENANCE OR CONSTRUCTION

PURPOSES

6.1 If a worker is going to come into contact with the fence for the purpose of disassembly or
trouble shooting or during a maintenance/repair activity, then the use of Stations Control

Tagging is required
6.2 The following steps shall be completed to disassemble an electric fence:

6.2.1

6.2.2

Turn the fence off.

.......

P RERER]

Disconnect the fence from the AC source according to the proper work
procedures.
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6.2.3 Place notice at Gateway Unit that panels have been removed and fence is not in
6.2.4 Unground the Gateway Unit’s base from the substation’s ground grid.

6.2.5

Carefully unscrew the jumper wires. Two workers may be needed with one
worker unscrewing the jumper wires inside the fence and the other worker
unscrewing the jumper wires outside the fence.
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6.2.6 Rake stone away from the stand bases, fence base, and Gateway Unit’s base.

6.2.7  Two workers shall be required to disassemble the fence. Disassembling the
fence shall be accomplished by completing the following steps:

a. Remove the insulators from the tall stand rods by one worker lifting the
panel over the end of the tall stand rods.

b.  The other worker shall lift the panel over the short peg.
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c. Remove the metal strap loop over the adjoined upright.

d. Continue with steps 6.2.7.a to 6.2.7.c until all necessary fence panels have
been disassembled.

6.2.8 Remove the fence panels and stands from the work area.
6.2.9 If the Gateway Unit requires removal, the following steps shall be completed:

a. Proceed to the left side of the entryway and detach the cable with the green
tape (negative) from the lower aluminum connection block.

g

e s
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b. Detach the cable with the red tape (positive) from the upper aluminum
connection block.
o e T e =
c. Proceed to the right side of the entryway and detach the cable with the

green tape (negative) from the lower aluminum connection block.
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d.  Detach the cable with the red tape (positive) from the upper aluminum
connection block.
&
[ |
o L P
7.0 REVISION HISTORY
Version Date Description of Revision
1.0 12/20/10 Initial version of document.
2.0 08/31/12 Originating Department - Changed “Substation O&M Services” to “Substation Work Methods”

Sponsor - Changed “Donald T. Angell” to “Susan Fleck”
ACCOUNTIBILITY - Changed “... on National Grid USA Transmission and Distribution
Substations.” to “... on National Grid Transmission and Distribution Substations.”
REFERENCES - Added “SMS 400.85.1 - Substation Wildlife Mitigation Program”

Section 5.4.1 - Changed “...across the switch, replace (what switch? Replace switch or control
panel)” to “...across the switch, replace.”
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INTRODUCTION

This procedure describes the process to be followed in the event of a storm or disaster. It includes how
to assess a substation’s condition prior to re-energization.

PURPOSE

The purpose of this procedure is to define the procedure for re-energizing station equipment after an
emergency.

ACCOUNTABILITY

This procedure will apply to all National Grid personnel that are required to perform substation
inspections and restoration activities in the event of a storm or disaster impacting substation facilities.

All appropriate PPE shall be worn when performing inspections as required by the National Grid
Employee Safety Handbook. All work shall be performed in accordance with the National Grid
Employee Safety Handbook and applicable Work Procedures, utilizing all appropriate safe work
methods.

COORDINATION

Coordination shall occur between Emergency Planning and Substation Work Methods.

REFERENCES

EOP G023 - Inspection of Electric Facilities Following an Earthquake
National Grid Employee Safety Handbook

New England Emergency/Storm Restoration Manual

NY Electric Emergency Procedures Manual EEP.03

DEFINITIONS

N/A

TRAINING

As required and through SEAL Program assignments
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1.0 GENERAL

1.1 Emergency situations may occur from time to time causing a substation to de-energize. A
substation’s condition must be assessed prior to re-energizing station equipment.

1.2 An emergency situation may be considered any of the following events:

1.2.1 Earthquake

1.2.2 Lightning Storm
1.2.3 Ice Storm

1.24 Flood Damage
1.2.5 Other Major Event
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2.0 EARTHQUAKES

2.1 The following are guidelines in determining when an inspection must be performed after
an earthquake.

211

21.2

213

When the magnitude of the earthquake is reported to have been 4.0 or higher as
measured on the Richter scale and facilities are within a 75 mile radius of the
reported epicenter.

When the earthquake, as determined by divisional authority, might have caused
damage or abnormal conditions within your division

When so ordered by higher authority

2.2 Inspections to be performed after an earthquake shall include:

2.21

222
223

All Electric Substations: equipment, structures, foundations, buses and insulators
shall be visually inspected.

All 230kV and above substations shall be given priority.

All affected substations shall have an infrared inspection conducted as soon as
practicable.

3.0 LIGHTNING STORMS

3.1 The following are guidelines for determining when an inspection must be made after a
lightning storm.

3.11

3.1.2

An inspection shall be conducted immediately if a substation has experience a
total outage.

An inspection must be conducted during the next business day or as requested
by local supervision when a substation has experience a bus trip and reclose
operation.

3.2 Inspections to be performed after a major lightning storm shall include:

3.2.1

3.2.2
3.2.3

4.0 ICE STORMS

All Electric Substations: equipment, buses and insulators shall be visually
inspected.

All 230kV and above substations shall be given priority.

All affected substations shall have an infrared inspection conducted as soon as
practicable.

4.1 The following are guidelines for determining when an inspection must be made after a
major ice storm.

411

An inspection shall be conducted immediately is a substation has experienced a
total outage.
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4.2

4.3

4.1.2 An inspection must be conducted during the next business day or as requested
by local supervision when a substation has experience a bus trip and reclose
operation.

Inspections to be performed after a major ice storm shall include:
4.2.1 All equipment, buses and insulators shall be visually inspected.
4.2.2 Al 230kV and above substations shall be given priority.

4.2.3  All affected substations shall have an infrared inspection conducted as soon as
practicable.

Removal of accumulated ice is not normally required from substation live parts or current
carrying conductors. If required, removal of some ice build up shall be performed with
switch sticks only on de-energized substation apparatus with authorization from local
substation supervision only. Care must be taken during removal of ice build up with a
switch stick to ensure equipment does not get damaged. Other methods for ice removal
require authorization from Substation Work Methods. Minimum approach distances shall
be maintained.

FLOOD DAMAGE

5.1

5.2
5.3

Ensure substation or affected equipment is de-energized and appropriate Clearances are
established.

Determine height of initial flood stage.

Determine equipment affected and prepare assessment with documentation (checklist) of
equipment required.

5.3.1 Primary Components
Control Building Enclosure
Circuit Breakers
Transformers

Motor Operators

a
b
c
d
e.  Circuit Switchers
f. Reclosers
g Station Service Safety Switches
h DC Cabinets

i. Underground Cable Trench

j- Metal-Clad Switchgear

k. Padmount Transformers
5.3.2 Secondary Components

a. Transformer Gauges/Fault Pressure
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5.3.3

5.3.4

T@a@ -0 o o0 C

Protection Schemes
Auxiliary VT/CT

Charger Battery

Ancillary Devices

Control Switchboards
Secondary/Outdoor Junction Box
Communication Schemes
RTU’s

AC/DC Cabinets
Station/Revenue Metering
HVAC

Civil/Structural Components

a
b
C.
d.
e
f.

Oil Containment/Environmental
Fence Perimeter
Soil/Foundations

Crushed Stone

Erosion around poles/foundations/conduits/ductbanks

Buildings/Structures

Debris/Waste Management

54 Process of Cleanup
5.4.1 Evaluate level of cleanup required
542 Drying out facilities and Components
a Hand held heaters
b Portable Generators
c.  De-Humidifiers
d Pumps
e Fans
543 Clean and sanitize
a. Using approved chemicals by environmental engineering
5.5  An Action Plan, including energization outage plan, will be developed and the resource

required based on various department assessments.

5.5.1

Review assessments with the following departments as required
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a.  Customer Operations
b.  Substation Work Methods
C. Protection and Control
d.  Protection and Telecommunications group
e. Substation Engineering and Design
f. Protection Engineering
g. Transmission/Regional Control Center
h.  Transmission and Distribution Planning
i. Materials Management
j- Environmental
k.  Corporate Communications
l. Corporate Security
m. Corporate Safety

55.2 Re-establish Station Services to main feed only with all secondary branch circuits
open

5.5.3 Re-establish battery charger and establish DC Station Service to main feed only
with all secondary branch circuits open

554 At this point, primary and secondary repairs will be made concurrently based on
condition assessment results and follow the energization outage plan.
a. This includes but is not limited to Replace/Repair designated equipment or

components

55.5 Testing

a.  Concurrently Primary and Secondary testing

1. Secondary Testing
i. Set and test protective relays
ii. Establish switchboard DC

ii.  Verify panel equipment

iv.  Megger all current voltage and control circuits cables

v.  Functional Testing of all schemes

vi.  Perform in-service checks on equipment as placed in service

vii. RTU’s/Metering verification or testing

viii. DFR’s/Event Recorders/Fault Recorders

ix. Communication Equipment
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X. PLC

xi.  Alarms and remote controls
2. Primary Testing per the components listed in Section 5.3.1
5.5.6 Station Re-energization

a. Based on the severity of the damage assessment, the local energization
coordinator shall be identified. The person identified shall have the same
duties and responsibilities per SMP 400.80.2 Substation Commissioning
and Energization.

5.6 Process Safety
5.6.1 Evaluate and make recommendations for near and long term solutions

6.0 OTHER MAJOR EVENTS

6.1 Following are guidelines for establishing restoration efforts for other major substation
events such as apparatus failures resulting in major system disturbances impacting load
served, high media events, long restoration lead times, and equipment replacements
requiring multiple organizations and resources to complete the restoration.

6.1.1 Substation Work Methods Manager shall assemble the required level of
personnel required for developing a restoration plan for other substation major
events.

6.1.2 Major events are categorized as Level A Major Events involving Critical Facilities
and Level B Events Not Involving Critical Facilities. Refer to Appendix A.

6.1.3  The Substation Work Methods Manager shall designate the appropriate Level for
the disturbance.

7.0 ASSIGNMENTS

71 Company substations are included in the emergency planning process. Any substation
equipment affected by an emergency situation will have its restoration performed by the
Substation Operations & Maintenance workers assigned to that Substation’s District
and/or other resources as required. Technical Support is provided by the System
Substation Coordinator when required by District personnel during emergencies. If no area
substation is damaged by the emergency, Substation Maintenance & Construction
workers are typically assigned to check the status of the substations and switchyard
equipment, and to perform switching and tagging operations, to enable repair work to be
done on transmission and distribution lines.

711 Action Required:

a. The District Emergency Operations Coordinator assigns Substation
Maintenance & Construction Workers to be positioned at critical substations
and switchyards within the District, in advance of foreseen emergency
events, when such assignments will help reduce duration of interruptions.
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The District Substation Coordinator will assign Substation Maintenance &
Construction Workers to investigate substation and switchyard equipment
status, based upon system conditions and specific substation status. The
System Substation Coordinator will provide technical support to field
restoration forces as required.

1.  System Substation Coordinator Pre-Emergency Responsibilities:

i. Check on availability of all mobile/spare equipment (update
Mobile Substation List).

ii. Determine if District Maintenance & Construction Departments
have adequate manpower available.

iii.  Assign staff personnel as needed to assist District operations.
2.  System Substation Coordinator Responsibilities during an Emergency

i. Monitor and coordinate National Grid substation and switchyard
restoration.

ii. Investigate major substation incidents.
iii.  Provide support to field restoration forces as needed.

iv.  Advise System Emergency Director of major problems and plan
for restoration of service.

Substation Maintenance & Construction Workers will be assigned to
perform switching and tagging operations as needed to facilitate
restoration.

8.0 SUBSTATION INSPECTION & RESTORATION EFFORTS

8.1 Substation Maintenance & Construction, PTO, and other Field Operations personnel shall
perform and coordinate the following tasks prior to re-energization.

8.1.1 The following tasks shall be assigned as required for substation inspection and
restoration efforts:

a
b
c
d
e.
f.
9
h

PTO body for electronic relay data downloads

Battery/Charger inspections and replacements

Standby generator inspections and repairs

Coordinate Standby Generator Fuel Delivery every 24 hours

Assess by performing V&O inspection after storm or event

Execute switching orders as necessary to restore system configuration
Coordinate System spare inventory utilization

Perform any emergency repairs/maintenance before restoration of
equipment and circuits
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i Initiate EEP.03,
http://us1infonet/sites/emergency planning/Documents/NY %20EEPs %200
9/EEP.03.pdf, Restoration Organization as necessary
j. Ensure availability of Mobile Equipment Fleet

9.1 Any abnormal conditions, emergency situation or indication of change which might result
in an abnormal condition potential damage or outage shall be reported to Customer
Operations Divisional Supervision, Substation Work Methods, Director PTO, and Director
of Distribution Services, System Operations as applicable.

9.2 The following items shall be included in the report.

9.21
9.2.2
9.23
9.24

9.2.5
9.2.6

Inspection start time and date

Facilities inspected

Geographic description of the area inspected

All abnormal conditions, equipment/structures, change or emergency condition

a. NOTE: Should an emergency condition be discovered, appropriate action
to safeguard life, property and the integrity of the electrical system shall be
taken

All conditions or indications which may require engineering, or other evaluation
Completion time and date of the inspection

9.3 Protection Systems

9.3.1
9.3.2

9.3.3

Refer to PR.10.00.004 Procedure for Gathering Post Event Fault Data.

Refer to PR.10.00.003 Procedure for Reporting & Tracking Special Protection
System Failures.

Refer to PR.10.00.001 Disturbance Analysis Procedure.
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10.0 APPENDIX A - NY SUBSTATION EMERGENCY ORGANIZATION CHART

NY SUBSTATION EMERGENCY EVENTS ORGANIZATION CHART
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11.0 REVISION HISTORY

Version Date

Description of Revision

1.0 03/31/10

2.0 08/31/12

Initial version of document. Replaces SMS400.87.1 Earthquake Response.

Originating Department - Changed “Substation O&M Services” to “Substation Work Methods”

Sponsor - Changed “Donald T. Angell” to “Susan Fleck”

Document - Changed “Substation O&M Services” to “Substation Work Methods” throughout the

document

Section 2.1.1 - Changed “... within a 130 mile radius ...” to “... within a 75 mile radius ...”
Sections 7.1, 7.1.1.a, 7.1.1.b, 7.1.1.b.ii, 7.1.1.c, and 8.1 - Changed “... Substation O&M ...” to “...

Substation Maintenance & Construction ...”
Section 10.0 - Changed (expanded)
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INTRODUCTION

This procedure describe the methods use to perform Visual and Operational, Diagnostic, and
Acceptance inspections on lead acid batteries used in electrical substations.

PURPOSE

Scheduled equipment inspections are necessary to protect both the public and electric utility workers,
prevent unnecessary customer outages, and maximize equipment operating life. This procedure lists
special tools and equipment required, unusual hazards, and methods used, to inspect lead acid
batteries.

ACCOUNTABILITY

Substation and other Supervisors supervising inspection and maintenance activities.

Substation and other Workers performing inspection and maintenance activities.

COORDINATION

Battery Chargers are inspected at the same time as the battery banks they are connected to. See SMP
406.03.2.

REFERENCES
National Grid USA Safety Handbook

NPCC Regional Reliability Reference Directory 3 Maintenance Criteria for Bulk Power System
Protection

Manufacturer’s Installation, Operating, and Maintenance manuals for the specific equipment to be
inspected.

Manufacturer’s operating manuals for the specific test equipment to be used.

DEFINITIONS

Battery - Group of cells in a common container. Using three cells to create a 6 volt battery
is common in electrical substations.

Battery Bank - Group of cells, or batteries connected in series to create higher voltages. Battery
banks of 24, 48, 120, and 240 volts are common in electrical substations.

Battery Charger - Device that converts station service AC voltage to a precise, stable DC voltage.
Used to maintain the charge on station batteries and supply normal DC station
loads.

Case - Container enclosing a group of battery cells.

Cell - Basic component of a battery or battery bank. In a lead acid battery each cell

generates approximately 2.2 volts.
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Equalizing Charge - Charging batteries at slightly higher than the normal float voltage for a period of
time. Use to correct unbalances in charge between cells and remove electrolyte
stratification.

Freshening Charge — Charge applied to a pre-charged battery after installation to bring battery to a fully
charged state.

TRAINING

(Optional Section) List any training requirement(s) (One-Time Training, Annual Training, etc.).

DOCUMENT CONTENTS
Table of Contents

1.0  TEST EQUIPMENT REQUIRED ........ooiiiiiiiiii ettt e et a e e 3
2.0  SPECIAL TOOLS REQUIRED ........cuiiiiiiiiiiie ettt e e et e e e et e e e e aneeeaaeanneeeaaaans 3
3.0  MATERIALS REQUIRED .......uttiiiiiiiiie ittt ettt e e e e s ane e e e 3
4.0 SPECIAL SAFETY EQUIPMENT REQUIRED.......ccoiitiiiiiiiiiiie e 4
5.0 UNUSUAL HAZARDS ...ttt e e ettt e e ettt e e e e e aee e e e e annteeeeeanseeaeeanseeaaanns 4
6.0 NPCC - BULK POWER STATIONS - CHARGER AND BATTERY INSPECTION .........cccceevn... 5
7.0  VISUAL AND OPERATIONAL INSPECTION ......utitiiiiieiiieeeiiee e stee e e e 5
8.0  DIAGNOSTIC INSPECTION ....coiiiiiiiieaiiiiita ettt e et e e e e ettt e e e e aseeeaeaanaeeeaeaaneeeaeaanseeaeaaanseeaeanns 8
9.0  ACCEPTANCE INSPECTION ...ttt ettt e e et e e et e e e e neeeaeeaneeeaeeanneeeaaaan 11
10.0 APPENDIX A - TESTING FOR BATTERY GROUNDS WITH A MULTI-METER..........ccceeenneen. 12
11.0 APPENDIX B - TORQUE VALUES FOR COMMON BATTERIES AND CELLS .............cc....... 13
12.0 APPENDIX C - UTILIZING NATIONAL GRID BATTERY BYPASS BOX FOR BATTERY

SYSTEM MAINTENANCE.........oo ittt ettt ettt et e e et e e e nteeaaneeeenneeeenneeeans 15
13.0 APPENDIX D - UTILIZING BATTERY TRAILER FOR BATTERY SYSTEM

MAINTENANCE/REPLACEMENT ... .ottt ettt e et e e e e e e e 21
14.0 REVISION HISTORY ...ttt ettt et e e st e ant e e amte e e et e e e neeeeneeeenneeas 26

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.
FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRITATE DEPARTMENT WEBSITE OR DOCUMENTUM.
File: SMP 406.01.2 Lead Acid Battery Originating Department: Sponsor: 111-106
Substation O&M Services Donald T. Angell




Docket No. DE 19-064
Substation Policies - N Grid
Page 107 of 254

. . SUBSTATION MAINTENANCE Doc. # SMP 406.01.2
nationalgrid Procedure Page 3 of 27
Lead Acid Battery Version 2.0 — 03/01/10

1.0 TEST EQUIPMENT REQUIRED

1.1 V&O Inspection
1.1.1 Digital Multi-meter, 0.25% DC accuracy, IEC 1010-1 Cat. IV
1.1.2 Spare batteries for multi-meter.

1.1.3 Resistors and leads to measure battery to ground voltages. (See Substation
Batteries and Chargers training manual).

1.2 Diagnostic Inspection
1.2.1 All of above plus.

1.2.2 MBite battery impedance test set, AVO-Biddle, Catalog # 246005B or (preferred)
or catalog # 246005. Check for test leads and AC power cable.

123 Spare roll of paper for MBite Test set.
1.3 Acceptance Inspection
1.3.1 All of above.

2.0 SPECIAL TOOLS REQUIRED

2.1 V&O Inspection
2.1.1 Insulated or non-conductive battery wrenches.
2.1.2 Insulated torque wrench 0 to 150 in-Ib.
2.2 Diagnostic Inspection
2.2.1 All of the above plus:
2.2.2 Insulated torque wrench 0 to 150 in-Ib.
2.3 Acceptance Inspection
2.31 All of the above.

3.0 MATERIALS REQUIRED

3.1 V&O Inspection
3.1.1 PDA with National Grid V&O software installed.
3.1.2 Inspection card/record from last V&O inspection.
3.1.3 Replacement bottles of eyewash solution.
3.14 Bulk eyewash solution for larger eyewash stations.
3.15 Danger sign “EXPLOSIVE GAS”.
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3.1.6 Baking soda.

3.1.7  Stiff bristled, synthetic (nylon etc.) brush for use on battery terminals.
3.1.8  Wire brush for use on battery rack and floor.

3.1.9 Scotchbrite green industrial abrasive pads.

3.1.10 Distilled water.

3.1.11  No-Ox-Id battery terminal grease.

3.1.12 Small hot plate to heat No-Ox-Id.

3.1.13  Small paint brush to apply No-Ox-Id.

3.1.14 Battery jump-out box (See Batteries and Chargers training manual).
3.1.15 Spare battery inter-cell straps (type varies by battery and manufacturer).

3.1.16  Spare battery inter-cell bolts, nuts and washers (types vary by battery and
manufacturer).

3.1.17 Spare flame arrestors and caps (type varies by battery and manufacturer).

3.1.18 Spare battery thermometer. (Do not use thermometers containing mercury or that
have been used in NiCad batteries).

3.1.19 Metal primer and paint for battery racks.
3.1.20 Acid proof paint for floor.
3.2 Diagnostic Inspection
3.2.1 All of the above plus:
3.2.2 Inspection card/record from last Diagnostic inspection.
3.2.3  Calculator.

3.3 Acceptance Inspection.

SPECIAL SAFETY EQUIPMENT REQUIRED

4.1 Acid proof gloves.
4.2 Acid proof apron.
4.3 Full face shield.

UNUSUAL HAZARDS

The fluid in lead acid batteries (electrolyte) is a mixture of sulfuric acid and distilled water.
Contact with electrolyte can cause blindness, burn skin, and burn holes in clothing. Electrolyte
on skin or clothing should be rinsed off with generous amounts of water. Electrolyte in eyes
should be flushed generously with bottled eyewash solution, or at an eyewash station, and
immediate medical attention sought. Acid proof gloves and aprons and a full face shield shall be
worn when inspecting or working on batteries.
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Lead acid batteries emit hydrogen gas, which is explosive. No smoking, open flames or sparks
are allowed in their vicinity. Only insulated tools should be used when working on batteries.
Substation batteries are capably of very high short-circuit currents. Accidentally shorting cells or
batteries can result in severe burns and possibly battery explosions. The use of 1000 volt
disposable cover-up (SC 92008882) should be considered.

Although rare, batteries can explode violently and spew electrolyte and plastic shards from
battery jars in all directions. Battery explosions can be caused by internal or external short
circuits, or the ignition of hydrogen gases.

6.0 NPCC - BULK POWER STATIONS - CHARGER AND BATTERY INSPECTION

6.1 This section meets the applicable requirements of NPCC Regional Reliability Reference
Directory 3 Maintenance Criteria for Bulk Power System Protection

6.2  Check charger AC and DC circuit breakers are on.
6.3 Check that there is output voltage on charger DC voltmeter.
6.4 Check that there is output current on the charger DC ammeter.

6.5 Visually check all battery cells for general condition and proper electrolyte level.

7.0 VISUAL AND OPERATIONAL INSPECTION

71 Perform battery charger inspection before performing battery inspection.
7.2 Check eyewash stations.

7.2.1 Plumbed Eyewash Stations shall be activated to flush the line and to verify
proper operation.

7.2.2 Portable or self-contained units shall be visually inspected.

a. The inspection shall ensure that the protective caps are in place and that
the seal has not been broken.

b.  Expiration dates shall be checked on sealed fluid cartridges and cartridges
replaced when necessary.

C. Portable or self contained units that have been discharged shall have fluid
cartridges replaced immediately.

7.2.3  Allinspections and operational checks shall be recorded on the Eyewash Station
Inspection Tag, NG0139.

7.3 Record battery voltage with charger off.

7.3.1 Turn the digital multi-meter on and select DC voltage and a range higher that the
overall battery voltage to be measured (Range selection is not necessary if the
multi-meter is auto-ranging).

7.3.2 Turn the battery charger’s AC Circuit breaker off
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7.3.3 Measure and record the overall voltage between the positive and negative ends
of the battery (points where the battery charger and DC supply leads are
connected).

a. Read the voltage immediately after turning off the charger, the battery
voltage will continue to drop.

7.3.4 Turn the battery charger’s AC Circuit breaker on.
7.4 Refer to Appendix B at the end of this document to determine battery type. Voltage should

not be below:

Battery Size Lead Antimony | Lead Calcium | Lead Selenium
24 volt - 12 cell 25 volts 26 volts 26 volts

48 volt - 23 cell 48 volts 50 volts 49 volts

48 volt - 24 cell 50 volts 52 volts 52 volts

120 volt - 58 cell 120 volts 125 volts 123 volts

120 volt - 60 cell 124 volts 129 volts 128 volts

240 volt - 116 cell 240 volts 240 volts 240 volts

240 volt - 117 cell 242 volts 242 volts 242 volts

240 volt - 120 cell 248 volts 248 volts 248 volts

7.5 Check for battery grounds.

7.5.1 If the battery charger has ground detector lamps record if a positive or negative
lamp is lit.

7.5.2 If the charger has a ground detection voltmeter record the voltages with the
meter switch in both the positive and negative ground positions. If the voltmeter
reads voltage when the switch is in the positive position the battery has a positive
ground. If the voltmeter reads voltage when the switch is in the negative position
the battery has a negative ground.

7.5.3 If the charger has no ground detection system use a multi-meter and the
procedure in Appendix A at the end of this document to record the battery
positive and negative voltages to ground. Note: Resistors and additional test
leads required.

7.6 Record Pilot cell.
7.6.1 Record Pilot cell Voltage

a. The pilot cell is the cell with the lowest cell voltage and contains the
thermometer.

b.  Turn on the digital multi-meter on and select DC voltage and a select the
lowest range higher then 2 volts. (Range selection is not necessary if the
multi-meter is auto-ranging).

c. Measure and record the cell voltage between the exposed conductors
either side of the thermometer. These points may be bolted connections or
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metal inter-cell connections on top of the battery case. The voltage should
be approximately 2.2 volts.

7.6.2 Record pilot cell temperature.

a. Withdraw the thermometer from the cell only enough to read the
temperature. To avoid electrolyte (acid) drips outside the cell do not
completely remove it.

b. Read and record the temperature.

7.7 Visually inspect all battery cells. Refer to the Substation Batteries and Chargers training
manual for details. Record problems and cell numbers on inspection card/record.

7.71 Electrolyte level. Add distilled water to bring electrolyte level to between the low
and high level lines on the jar or case. Record cell numbers and amount added
on inspection card.

7.7.2 If water is added equalize charge the battery bank.
a. Ifthe charger has an equalizing (overcharging) timer set the timer to:
1. - 72 hours for lead calcium and lead antimony batteries.

2. - As specified in the manufacturer's instruction manual for lead
selenium batteries. Normally 4 hours maximum, periodic monitoring
may be required.

b.  If the charger has an equalizing (overcharging) switch; turn the switch on.
Refer to the chargers instruction manual to insure the charger will
automatically stop the equalizing charge after a set period of time.

C. If the charger does not stop equalizing charging automatically return before
the maximum equalize time to shut the equalizing charge off.

d. The charger's DC ammeter reading should increase when the charger is
put on equalizing charge.

7.7.3 Plate buckling. Wavy plates and separators.
7.7.4  Sulfating. Sparkling crystals on plates and separators.
7.7.5 Hydration. Dull grey material embedded on separators.

7.7.6 Accumulation of sediment in bottom of jar. Sediment touching battery plates
requires immediate attention.

7.7.7 Leaking or damaged jars or cases. Leaking jars or cases require immediate
attention.

7.7.8 Check each jar/case to be clean and dry.

a. Clean the tops of jars and case with a solution off 1 gallon of water mixed
with 1 pound baking soda. Do not allow the baking soda solution to enter
the battery cells. It will neutralize the electrolyte and destroy the cell.

7.7.9 Check Flame arrestors and dust caps.
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a. Clean and dry flame arrestors and caps as necessary. Do not use baking

soda solution on flame arrestors. Use distilled water.

7.7.10 Replace any missing or damaged flame arrestors and dust caps.

7.7.11 Check each terminal for corrosion.

a.

Clean corrosion off inter-cell conductors with the stiff bristled synthetic
brush or green Scotchbrite and baking soda solution. Caution the corrosion
byproducts are corrosive. Do not use a metal bristled, wire brush.

Rinse or wipe the baking soda solution residue off with clean water and
rags.

Apply a thin coat of heated No-Ox-Id battery terminal grease to any inter-
cell conductors that have been cleaned, with the paint brush. The No-Ox-Id
must be heated to a cream like consistency to avoid applying excessive
amounts that will collect dirt and dust.

Connections with sever corrosion should be bypassed with the battery
jump-out box, disassembled, cleaned and painted with No-Ox-Id. (See the
Substation Batteries and Chargers training manual for details on using the
battery jump-out box.)

Any connections that have been loosened should be retorqued with a
torque wrench. See Appendix B at the end of this document for common
battery torque values.

7.7.12 Record “as left” overall visual condition of battery bank on inspection card.

7.8 Check rack and floor for paint and cleanliness and grounding.

7.8.1 Wire brush, prime, and paint any chipped or corroded areas on the battery rack.

7.8.2 Wire brush and paint any chipped or corroded areas on the floor under the
battery with acid proof paint. Paint floor areas that are unpainted.

7.8.3  Battery jars and cases should be insulated from the rack with rubber or plastic
strips.

7.8.4 Battery jars and cases should not touch each outer.

7.8.5  Battery rack should be grounded to station ground with 4/0 ground wire.

7.9 Replace damaged of missing “Danger Explosive Gas” signs.

8.0 DIAGNOSTIC INSPECTION

8.1 Perform battery charger diagnostic inspection before performing battery diagnostic

inspection.

8.1.1 The short amount of time the battery is on equalize during the charger inspection
will not affect battery test results.

8.2 Perform all of the steps listed in Visual and Operations Inspections above.
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8.3 Record the battery charger’s output current.

8.4 Record the charger's DC ammeter reading on the inspection card.
8.5 Perform an MBite test on the battery.

8.5.1

8.5.2

8.5.3

8.5.4

8.5.5

8.5.6

8.5.7

8.5.8

8.5.9

8.5.10

8.5.11

8.5.12

8.5.13

8.5.14

Battery banks over 130 volts must be tested in sections. Do not make MBite
connections until the procedure has been reviewed in the MBite manufacturer’s
instruction manual or the Substation Batteries and Chargers training manual.

Refer to the Substation Batteries and Chargers Training Manual or
manufacturer’s instruction manual for operation of the MBite test set and details
on MBite testing.

Do voltage, impedance and resistance (strap) tests on each cell before moving to
the next cell. If the battery has inter-cell connections that are insulated, with the
only bare spot in the middle, put both probes on this spot when doing the strap
test.

If test probes are not ‘dug in” firmly oxide on conductors and/or battery grease
can result in bad readings.

Be sure to wait for the MBite display reading to settle before pushing the test
button. Wait for the “beep” before releasing the test button and moving to the
next test. If the button is released early the test results won'’t be captured.

Print out the test results.
Evaluate the MBite test results.
Find the cell with the lowest cell voltage and circle it.

Find the cell with the highest cell voltage. If the difference between the lowest
and highest cell is more than 0.1 volts or the lowest cell voltage is below 2.14
volts the battery requires an equalizing charge.

Refer to the graph printout of cell impedance. If and cell deviates more than 30%,
plus or minus, the battery requires an equalizing charge.

Strap resistance is shown in the “Rs mQ” column of the printout. Strap
resistances for inter-cell connections on the top of multi-cell batteries will be
different than connections between batteries.

Strap resistances higher than twice the value of other straps of the same type
should be bypassed with the battery jump-out box, disassembled, cleaned and
re-torqued.

Refer to the Substation Batteries and Chargers training manual for more detail on
evaluating MBite results and the battery jump-out box.

Retest any suspect cells and reprint results. Attach final printout to inspection
card/record.

8.6 Designate a new pilot cell.

8.6.1

Refer to the MBite printout to find the previously circled lowest cell voltage. This
cell will become the new pilot cell.
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8.6.2 Move the thermometer to the new pilot cell.

8.6.3

When removing the thermometer from the old pilot cell wait for the electrolyte to
drip off before completely removing it.

8.7 Record battery voltage after 30 minute discharge.

8.7.1

8.7.2
8.7.3

8.7.4
8.7.5

8.7.6

Turn the digital multi-meter on and select DC voltage and a range higher that the
overall battery voltage to be measured (Range selection is not necessary if the
multi-meter is auto-ranging).

Turn the battery charger’s AC circuit breaker off.

Measure and record the overall voltage between the positive and negative ends
of the battery (points where the battery charger and DC supply leads are
connected). Leave the multi-meter leads connected.

Monitor the battery voltage for 30 minutes:

If voltage drops below column 1 continue test.

a. Retest voltage/impedance with MBite when test is complete.
b. Leave charger off.

c.  Mark printout "After 30 minute discharge test".

d. Itis not necessary to retest strap/connection resistance.

If voltage drops below column 2 discontinue test.

a.  Turn charger on.

b Retest voltage/impedance with MBite.

c.  Mark printout "After 30 minute discharge test aborted at (##) minutes".
d

It is not necessary to retest strap/connection resistance.

Battery Size Column1 | Column 2
24 volt - 12 cell 22 volts 21 volts
48 volt - 23 cell 43 volts 42 volts
48 volt - 24 cell 46 volts 44 volts

120 volt - 58 cell 112 volts 106 volts
120 volt - 60 cell 118 volts 109 volts
240 volt - 116 cell | 228 volts 210 volts
240 volt - 117 cell | 230 volts 212 volts
240 volt - 120 cell | 236 volts 214 volts

8.8 Record final voltage on inspection card.

8.9 Turn the battery charger’s AC circuit breaker on.

8.10 If indicated by the MBite test results equalize charge the battery bank.
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8.10.1 If the charger has an equalizing (overcharging) timer set the timer to:

a. 72 hours for lead calcium and lead antimony batteries.

b.  As specified in the manufacturer's instruction manual for lead selenium
batteries. Normally 36 hours maximum, periodic monitoring probably will be
required.

8.10.2 If the charger has an equalizing (overcharging) switch; turn the switch on. Refer
to the chargers instruction manual to insure the charger will automatically stop
the equalizing charge after a set period of time.

8.10.3 If the charger does not stop equalizing charging automatically return before the

maximum equalize time to shut the equalizing charge off.

8.10.4 The charger's DC ammeter reading should increase when the charger is put on
equalizing charge.

.0 ACCEPTANCE INSPECTION

9.1 Perform battery charger inspection before performing battery inspection.

9.2 Insure that a freshening charge has been applied to the batteries after installation.

9.2.1 Refer to the manufacturer’s operating and installation manuals.

9.2.2 Typically this will be similar to an equalizing charge of 110 hours for lead
antimony and 72 hours for lead calcium and lead selenium batteries.

9.3 Perform all of the steps listed in Visual and Operational, and Diagnostic Inspections

above.

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.

FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRITATE DEPARTMENT WEBSITE OR DOCUMENTUM.

File: SMP 406.01.2 Lead Acid Battery

Originating Department:
Substation O&M Services

Sponsor: 1-115
Donald T. Angell




Docket No. DE 19-064
Substation Policies - N Grid
Page 116 of 254

_ . SUBSTATION MAINTENANCE Doc. # SMP 406.01.2
nationalgrid Procedure Page 12 of 27
Lead Acid Battery Version 2.0 — 03/01/10

10.0 APPENDIX A - TESTING FOR BATTERY GROUNDS WITH A MULTI-METER

Digital multi-meters can be used to
test for battery grounds if no ground
detection is provided in the charger.

1.50

| WAVETEK HDI110 |

However, due to their very high input
impedance, a parallel resistor jumper
lead must be fabricated and used. If
the resistor lead is not used the multi-
meter will indicate grounds when
none are present.

The resistor jumper lead is fabricated
using a 100k ohm resistor. 100k ohm
resistors are available at Radio Shack
and other electronic component
suppliers.

100k OHM @ o

RESISTOR V-a C T0A

With the leads connected to the
positive battery terminal as shown
you are testing for negative grounds.

Move the resistor and meter leads
from the positive to the negative
battery terminal. This will test for
positive grounds.

With this setup voltages less than
10% of the battery voltage (12 volts
for 120-volt battery) indicate no
significant grounds. Full battery
voltages indicate hard (metal to
metal) grounds. Voltages in-between
indicate resistive grounds.

STATION
GROUND
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11.0 APPENDIX B - TORQUE VALUES FOR COMMON BATTERIES AND CELLS

Battery Cell/ Installation | Inspection
MFR TYPE Type Battery Torque Re-Torque
SD-5, SD-7, SD-9, .
ALCAD | SD-11, SD-13, SD-15, . Cel  [70in-b. | 70in-Ib.
Selenium
SD-21
Lead- . .
ALCAD | SGL-7, SGL-13 . Battery |50 in-b. | 50 in.-Ib,
Selenium
. YCP-9, YCP-11, YCP-13, Lead-
Chloride | ycp-17, YcP-25 Calcium | | ?? ?
DCU-9, DCU-13, Lead- . .
C&D DCU-15, DCU-17 Calcium Cell 110 in.-Ib. 100 in.-Ib.
KCR-7, KCR-9, KCR-11, Lead- . .
C&D RT3 ac | cel 110 in-b. | 100 in.-Ib,
KCR-15, KCR-17, Lead- . .
C&D KCR-19. KCR-21 Calcium Cell 160 in.-Ib. 125 in.-Ib.
KCU-7, KCU-9, KCU-11 . .
’ L) L) f) - -
C&D U . Cell 110 in-b. | 100 in.-Ib,
Lead- . .
C&D JC-100, JC-150 ! Cell 110in-b | 100 in.-Ib,
Calcium
C&D Liberty 2000 Lead- Battery | 160 in-lbs. | 125 in.-lbs.
Calcium
C&D LS 6-125 Lead- Battery | 80 in.-Ib 75 in.-Ib
Calcium
LS 12-25, LS 6-50, Lead- . .
C&D LS 12-55 Calcium Battery | 45in.-lb. 40 in.-lb.
C&D LS 12-80, LS 12-100 Lead- Battery | 110in.-b. | 100 in.-Ib.
Calcium
C&D LS 6-200, LS 4-300 Lead- Battery | 110in-b | 100 in.-Ib
Calcium
C&D LST Lead- Battery | 130 in.-bs. | 110 in.-lbs.
Calcium
C3D KC-7, KC-13 ? Cell 110inb | 100 inb
C&D KCT-300, KCT-360 Lead- Cell 110in-lb | 100 in.-Ib
Calcium
C&D XT4-JC9 Lead- Cel [110in-b | 100in-Ib
Calcium
C&D 2JC-300 Lead- Battery | 110in-lb | 100 in.-Ib
Calcium
3DCU-3, 3DCU-5, 3DCU-7, | Lead- . .
cab 3DCU-9. 3DCU-11, 3DCU-15 | Calcium _ | Battery | 70in-b. | 60 in--Ib.
(Continued)
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Battery Cell/ | Installation | Inspection
MFR TYPE Type Battery Torque Re-Torque
3DU-3, 3DU-5, 3DU-7, Lead- . .
C&D 3DU-9. 3DU-11 Antimony Battery | 70 in.-lb. 60 in.-lb.
C&D 3JC-100 Lead- 110in-b | 100 in.-Ib
Calcium
C&D 3KCR-5 ? Battery | 160 in.-Ib 125 in.-Ib
C&D 4JC50, 4JC100, 4JC150 Lead- Battery | 110in-lb. | 100 in.-Ib.
Calcium
C&D XLB ? ? 160 in.-Ibs. | 125 in.-Ibs.
Excide All with 1/4 -20 bolts | ——————————- All 70 in.-Ibs. 60in.-Ibs.
Excide All with 5/16 -18 bolts | ————-——-———-- All 120 in.-lbs. | 110 in.-Ibs.
. . “ = Lead_
Excide All with “CA” in Type Antimony All
. . “ ” . Lead_
Excide All with “CC” in Type Calcium All
Continued Battery Cell/ Installation Inspection
on next TYPE Type Batte Torque Re-Torque
pageMFR yp ry 9 9
Electric
Storage All with 1/4 -20 bolts | Al 70 in.-Ibs 60in.-Ibs
Battery
Electric
Storage All with 5/16 -18 bolts | Al 120 in4bs. | 110 in.-Ibs.
Battery
Electric Lead-
Storage All with “CA” in Type Antimony | All
Battery
Electric Lead-
Storage All with “CC” in Type Calcium Al
Battery
SD-5, SD-7, SD-9, Lead- : .
FIAMM SD-11, SD-13, SD-15, SD-21 | Selenium Cell 70 in.-lb. 70 in.-lb.
Storage
Lead-
Battery | SR Selenium | ? 132in-b. | 132 in-Ib.
Systems
Yuasa All with 1/4 -20 bolts | ===mmmmmmmm- All 70 in.-lbs. 60in.-lbs.
Yuasa All with 5/16 -18 bolts | ===—=mmmmmme- All 120 in.-lbs. | 110 in.-Ibs.
H “ ” Lead'
Yuasa All with “CA” in Type Antimony All
S wm A Lead-
Yuasa All with “CC” in Type Calcium All
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12.0 APPENDIX C - UTILIZING NATIONAL GRID BATTERY BYPASS BOX FOR BATTERY
SYSTEM MAINTENANCE

It is a mandatory practice that battery maintenance be performed in a manner that insures all substation
DC equipment remains energized during the work. Any exceptions to this practice must be approved by
Protection. This approval will include documented mitigation steps necessary (including none) for
maintenance allowed that will subject the station to a momentary DC outage.

It is a mandatory that construction and repair of the Battery Bypass Box will only be performed by the
National Grid Lab. The Lab contact information:

National Grid USA
Engineering Laboratory

7437 Henry Clay Blvd., Bldg. #1
Liverpool, NY 13088-3504
315-460-2491

Within the various substation maintenance departments at National Grid there exist many
fixtures/switches/cables constructed in the past to support battery maintenance. This equipment
consists of some or all of the components that exist in the Training Center/Engineering Laboratory
developed Battery Bypass Box. The Battery Bypass Box and steps outlined below in this SMP is the
only permitted manner to remove specific cells/straps in a battery bank from service for
maintenance/replacement. It is recognized that there are maintenance areas where different
colors/symbols are used to signify positive (red, white, +) and negative (black, -) polarity. The labeling
of the leads on Battery Bypass Box can be ordered or changed to match what has been adopted in the
area.

The following are steps on how to utilize the Battery Bypass Box in order to perform necessary
maintenance tasks. This procedure assumes that Battery Bypass Box will have leads that are labeled
white for positive polarity and black for negative polarity.

12.1 Take a multimeter and place in continuity test mode. Place the Battery Bypass Box switch
in the OFF position and confirm open with the meter.

12.2 The black lead connection must be closest to the negative post at the end of the battery
string. This most negative point has the connection that goes directly to the DC panel or
disconnect switch. Connect black lead of the Battery Bypass Box as close as possible to
the battery equipment being bypassed.

12.3 The white lead connection must be closest to the positive post at the end of the battery
string. This most positive point has the connection that goes directly to the DC panel or
disconnect switch. Connect white lead of the Battery Bypass Box as close as possible to
the battery equipment being bypassed. (See Figures 1-4)
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12.4

12.5
12.6

R

6.6 Volts

Confirm that the Battery Charger output current is less than 35 amps. If the charger output
current is greater than 35 amps then review the application with O&M Services before
proceeding.

Turn off the battery charger.

Take a multimeter measurement to confirm that battery cell voltage being bypassed does
not exceed 22 volts for a 60 cell (120VDC) bank, 8 volts for a 24 cell (48VDC) bank or 4
volts for a 12 cell (24VDC) bank. These limits are set in order to not expose the operating
equipment to voltage levels any lower than the limits set when sizing batteries at the
location.

When Possible use the inter-cell straps for connections
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nationalgrid

Check that the Battery Bypass Box green light has come on. The green light will only light
when the Battery Bypass Box has been connected properly.

Place the Battery Bypass Box switch in the on position.

Remove the first intercell connection within the Battery Bypass Box connections. The
green light will now go out.
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12.10

12.11

12.12

12.13

12.14

12.15
12.16

After the first strap has been removed, check the string voltage >105 volts on a 120VDC
bank, >40 volts on a 48VDC cell bank, or > 20 volts on 24VDC bank. If the measured
value does not meet these minimums then reinstall the strap and investigate the cause.

Perform necessary maintenance work. At the end of the work when the final strap is
reinstalled the green light will again light. Investigate if the light does not come on prior to
taking any of the next steps.

If the maintenance is going to involve removing cells on a temporary basis from the bank
then remember to readjust the float voltage on the charger.

If the maintenance consists of permanent replacement of a cell confirm that the new cell
has same Amp Hour rating and has undergone a freshening charge.

Place the Battery Bypass Box switch in off position. Mbite or micro-ohm (10 amp rated
unit) test the cells and connections that were bypassed to confirm good readings.

Remove the Battery Bypass Box white and black lead connections.
Turn the Battery Charger on. Check battery string voltage good.
Examples — Battery Bypass Switch Connections
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Figure 1 - Bad Cell or Battery in Upper Bank

.
E
Bad Cell

Figure 2 - Bad Cell or Battery in Lower Bank
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Figure 3 - Bad Cell or Battery in Upper Bank

Figure 4 - Bad 4-Cell Battery in Bank
When Possible use the Inter-Cell Straps for Connections

Bad Battery
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Fiqure 5 - Battery Bypass Box
Parts List
i ltem Manufacturer Part #
#1 Enclosure Square D FA100S
#2 Breaker Square D FAL14050
#3 Alligator Clips  Mueller BU-21CPS
#4 Boot Mueller White BU-23-9
#5 Boot Mueller Black BU-23-0
#6 Green LED Ledtronics PFS50CG5-28V-W6
#7 Cable Any 12/3 SJO
#8 Diode Powerex CS8240650-PRX
)
A1 Items #1. 2 & 7 Graybar
ltems # 3. 4, 5 & 8 Newark Electronics

Item # 6 Ledtronics

2

OFF Black
Clip

Must be exact model lamp
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13.0 APPENDIX D - UTILIZING BATTERY TRAILER FOR BATTERY SYSTEM

MAINTENANCE/REPLACEMENT

The National Grid mobile equipment fleet includes battery trailers for that can be utilized in order to
remove the entire station battery (60 cell 120Volt) (24 cell 48 volt) from service for the maintenance or

replacement of battery.

13.1  This Appendix applies to utilizing these battery trailers.

13.2 ltis standard practice that the cutover be performed in a manner where all substation DC
equipment remains energized.

13.3 Protection must be contacted and determine the mitigation steps necessary in order to
approve a cutover that will subject the station to a momentary DC outage.

13.4 Cutting Over Substation DC system from Station Battery to Battery Trailer

13.4.1 Verify Battery Trailer is prepared to go into service.

a.

O&M Services approval of install if battery trailer is being installed in a
station where existing battery bank has a rating > 350 AH.

AC connection to Battery Trailer has been done. Battery Trailer blower (if
equipped with one) is running.

Loss AC and Low DC Charger alarm contacts on Battery Trailer have been
connected into station battery alarm circuit if possible.

Station service AC breaker being utilized is at least 40 amps. If 40 amps or
greater breaker can not be utilized and trailer has no alarm connection then
charger current limiting circuit must be adjusted to insure station AC
breaker will not trip due to charger load.

Charger switch is on correct tap setting (240VAC or 208VAC) for station
AC. Charger AC and DC breakers are closed and output voltage within 1
volt of 135 for 60 cell bank or refer to SMP 406.3.2 for other values. If
battery charger is not on then close DC breaker first then close the charger
AC breaker. Monitor trailer voltage until its value reaches those listed
above before proceeding.

All Battery Trailer DC disconnects are in the open position. With a multi
meter verify there is continuity across the DC disconnect fuses.

13.4.2 Install battery trailer cables from existing DC system to open battery trailer
disconnect switch.

a.

Choose the 50 amp Disconnect \ Twist Lock cable connection only for
mobile equipment or stations that have a existing DC fused safety switch or
single DC panel main breaker of 50 amps or less.

When choosing location for connecting battery trailer cables to station DC
system consider how will accomplish the transfer of substation DC back to
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13.4.3

13.4.4
13.4.5
13.4.6

13.4.7

the battery bank utilizing an open disconnect (even if temporary) after work
is complete. Typical battery bank replacement/major maintenance work
should consist of the installation of a safety switch with dual lugs on the DC
system side to facilitate future battery trailer installations.

Match the DC system voltage and Battery trailer DC voltage at the open Battery
Trailer switch that will be making tie.

a. Verify match in battery polarity across open disconnect switch of trailer with
multi-meter. Put meter probes across blades on DC System Voltage side
of open switch and note the polarity (+,-). Move the probes directly across
the open switch to the Battery Trailer DC voltage side and confirm the
meter is reading the same polarity.

b.  Match the DC voltage values on each side of the open switch to be within
.1 (1/10th) of a volt with a multi-meter. This can be accomplished by
adjusting the float voltage on the battery trailer charger.

Tie the two DC systems together by closing the Battery Trailer switch.
Turn the substation battery charger off. (AC breaker then DC breaker)

Disconnect the station battery from the DC system by opening the existing
Station Battery Safety Switch or by lifting and taping the positive and negative
leads from the battery output posts.

Check Station DC voltage good, Battery Trailer Charger has no alarms, and
Battery Trailer Charger DC output is less than charger rating.

13.5 Cutting Over Substation DC from Battery Trailer to Station Battery

13.5.1

13.5.2

13.5.3

Verify that Station Battery is prepared to go into service.

a. Charger AC and DC breakers are closed and output voltage within 1 volt of
135 for 60 cell bank or refer to SMP 406.3.2 for other values.

b.  If the Station Battery is a new installation that it and the charger passed
required acceptance testing including alarms.

c.  With a multi meter verify there is continuity across the battery Safety Switch
fuses that are going to be used.

Verify that there is an open safety switch (even if installed temporary) that the
Station Battery DC is tied into on one side and the station DC system is tied into
the other side.

Match the DC system and Station Battery DC at the open safety switch that will
be making the tie.

a. Verify match in battery polarity across open safety switch with multi-meter.
Put meter probes across blades on DC System Voltage side of open switch
and note the polarity (+,-). Move the probes directly across the open switch
to the Station Battery DC voltage side and confirm the meter is reading the
same polarity.
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b.  Match the DC voltage values on each side of the switch to be within .1
(1/10th) of a volt with a multi-meter. This can be accomplished by adjusting
the float voltage on the Station Battery charger.

13.5.4 Tie the two DC systems together by closing the Station Battery Safety Switch.

13.5.5 Disconnect the Battery Trailer from the DC system by opening the battery trailer
DC disconnect.

13.5.6 Check Station DC voltage good, Station Battery Charger has no alarms, and
Station Battery Charger DC output is less than charger rating.

13.5.7 Additional Battery Trailer considerations
a. Disconnect the Battery Trailer charger alarms

b.  Disconnect AC feed to the battery trailer (If within 3 days of trailer being
transported).

Insure all cables are repacked into battery trailer cabinet.

Check battery electrolyte level (face shield PPE, flashlight required) 1/8”
below bottom of filling tube and add if lower.

QTR S NSRRI ™ I

b |

Figure 1 - Typical Battery Trailer Arrangement in Connection Cabinet
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Figure 2 — Battery Trailer Disconnect with external charger alarm terminal

Figure 3 — Typical Charger in Battery Trailer
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Figure 4 — Typical Battery Trailer Schematic
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14.0 REVISION HISTORY

Version

Date

Description of Revision

0.0

0.1

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

XX/XXIXX

09/30/06

12/26/06

01/29/07

02/12/07

02/15/07

04/10/07

05/03/07

05/23/07

05/22/08

09/30/08

02/27/09

Initial version of document

Visual and Operational Inspection

Changed - Turn the battery charger’s DC Circuit breaker off to Turn the battery charger's AC Circuit
breaker off.

Changed - Turn the battery charger’'s DC Circuit breaker on to Turn the battery charger’'s AC Circuit
breaker on.

Corrected - Formatting

Changed - Header title, Document number prefix
Removed - Subtitle

Changed - First page footer to reference Documentum

Diagnostic Inspection
Revised — 30 min. discharge test failure actions.

Diagnostic Inspection
Added — Equalize during charger inspection will not affect battery inspection results.

V&O Inspection
Changed — Eyewash station inspection

V&O Inspection

Changed — Equalize charge time
Diagnostic Inspection

Changed — Equalize charge time

NPCC A-4 - Bulk Power Stations - Charger and Battery Inspection
Added Section
Replaced — EOP with SMP 1 place

Document
Added - Documentum Version # to headers
Added - File name to footer

Diagnostic Inspection
Changed - perform battery charger inspection to perform battery charger diagnostic inspection
Changed - performing battery inspection before performing battery diagnostic inspection

Record of Revisions — Diagnostic Inspection

Changed - Perform battery charger inspection before performing battery charger diagnostic
inspection

Record of Revisions — Acceptance Inspection

Corrected — Perform battery charger inspection before performing battery inspection

Procedure

Changed — NPCC A-4 - Bulk Power Stations..... to NPCC - Bulk Power Stations......
Reference

Added — NPCC Regional Reliability Reference Directory 3 Maintenance Criteria for
Bulk Power System Protection
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NPCC - Bulk Power Stations - Charger and Battery Inspection
Added —This section meets the applicable requirements of NPCC Regional Reliability
Reference Directory 3 Maintenance Criteria for Bulk Power System Protection
2.0 03/01/10 Converted to new format.

Added - Appendix C
Added - Appendix D

FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRITATE DEPARTMENT WEBSITE OR DOCUMENTUM.

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.

File: SMP 406.01.2 Lead Acid Battery

Originating Department:
Substation O&M Services

Sponsor: 111-131
Donald T. Angell




Docket No. DE 19-064
Substation Policies - N Grid
Page 132 of 254

, SUBSTATION SMP 406.02.2
nationalgrid MAINTENANCE Version 1.3

Date 02/27/2009

PROCEDURE Paage 1 of 10

NICKEL-CADMIUM BATTERY

INTRODUCTION

This procedure describe the methods use to perform Visual and Operational, Diagnostic, and Acceptance
inspections on nickel-cadmium batteries used in electrical substations.

PURPOSE

Scheduled equipment inspections are necessary to protect both the public and electric utility workers,
prevent unnecessary customer outages, and maximize equipment operating life. This procedure lists
special tools and equipment required, unusual hazards, and methods used, to inspect nickel-cadmium.
ACCOUNTABILITY

Substation and other Supervisors supervising inspection and maintenance activities.

Substation and other Workers performing inspection and maintenance activities.

REFERENCE
National Grid USA Safety Handbook
NPCC Regional Reliability Reference Directory 3 Maintenance Criteria for Bulk Power System Protection

Manufacturer’s Installation, Operating, and Maintenance manuals for the specific equipment to be
inspected.

Manufacturer’s operating manuals for the specific test equipment to be used.

DEFINITIONS

Battery - Group of cells in a common container. Using three cells to create a 6 volt
battery is common in electrical substations.

Battery Bank - Group of cells, or batteries connected in series to create higher voltages.
Battery banks of 24, 48, 120, and 240 volts are common in electrical
substations.

Battery Charger - Device that converts station service AC voltage to a precise, stable DC
voltage. Used to maintain the charge on station batteries and supply normal
DC station loads.

Case - Container enclosing a group of battery cells.

Cell - Basic component of a battery or battery bank. In a lead acid battery each cell
generates approximately 1.42 volts.

Equalizing Charge - Charging batteries at slightly higher than the normal float voltage for a period

of time. Use to correct unbalances in charge between cells and remove
electrolyte stratification.

Freshening Charge — Charge applied to a pre-charged battery after installation to bring battery to a
fully charged state.

Printed copies of this document are not document controlled. Refer to the National Grid INFONET,
Substation Services website, for the latest version. Controlled copies are maintained in Documentum.

File SMP406.02.doc
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ASSOCIATED EQUIPMENT

Battery Chargers are inspected at the same time as the battery banks they are connected to. See SMP
406.03.2

PROCEDURE CONTENTS

Table of Contents

1. TEST EQUIPMENT REQUIRED. ......c..ccoiuiiitieeieeetteeeteeeeeeeteeeeeeeeeeereeeneeeaseeeneeennens 2
2. SPECIAL TOOLS REQUIRED. .....ccoouuvuriieeiiiiiierieeeeeeeeiiaeeeeeeesessnaeeeeeeseeesnsnsesseeseesnnnnes 2
3. MATERIALS REQUIRED. ....uuuvuiiiiiiiiiiiiieieeeeeeeeeiieeeeeeeeeeeiaaeeeeeeeeeenaaareeeseesennnaaneeeeeeeas 3
4, SPECIAL SAFETY EQUIPMENT REQUIRED. ......ccciiiiiiiiirieeeeeieeiiieeeeeeeeeesniaeeeeeseeeennns 3
5. UNUSUAL HAZARDS. ...ttt et e e et e e et e e e e e e eeaveae s 4
6. NPCC - BULK POWER STATIONS - CHARGER AND BATTERY INSPECTION .............. 4
7. VISUAL AND OPERATIONAL INSPECTION. ......ccuteiuieeereeeiteeeereeeeteeeeteeeeseeeeseeeeseeeeneeans 4
8. DIAGNOSTIC INSPECTION. .....uiiiiiiiiieeeiiee e ettt e eeteeeeetteeeeeaveeeeeeaeeeeeeaseeeeeaveeeeeaaeeeanns 6
9. ACCEPTANCE INSPECTION.......ceooiuieitieeeueeeeteeeeteeeeteeeeseseeteeeeseeeeseeeeseseeseeensesaeseeeeseeans 7
10.  APPENDIX A - TESTING FOR BATTERY GROUNDS WITH A MULTI-METER............... 8
11. RECORD OF REVISIONS. ....ccuuiiiitiieieeeteeeteeecteeeteeeeeeeeeeeeteeenveesveeenseeensseeaseeeseeennens 9

1. Test Equipment Required.
1.1 V&O Inspection
1) Digital Multi-meter, 0.25% DC accuracy, IEC 1010-1 Cat. IV
2) Spare batteries for multi-meter.

3) Resistors and leads to measure battery to ground voltages. (See Substation Batteries
and Chargers training manual).

1.2 Diagnostic Inspection
1)  All of above.

2) MBite battery impedance test set, AVO-Biddle, Catalog # 246005B or (preferred) or
catalog # 246005. Check for test leads and AC power cable.

3) Spare roll of paper for MBite Test set.
1.3 Acceptance Inspection
1)  All of above.

2, Special Tools required.

2.1  V&O Inspection
1) Insulated or non-conductive_battery wrenches.
2) Insulated torque wrench 0 to 150 in-Ib.

2.2 Diagnostic Inspection
1)  All of the above.

2.3 Acceptance Inspection
1)  All of the above.
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3.

Materials Required.

3.1 V&O Inspection

1

A WODN

(2]

~ a
- DO D — -

oo

9)

10)
11)
12)
13)
14)
15)

16)
17)

18)
19)

PDA with National Grid V&O software installed.

Inspection card/record from last V&O inspection.

Replacement bottles of eyewash solution.

Bulk eyewash solution for larger eyewash stations.

Danger sign “EXPLOSIVE GAS”.

Cleaning solution -three parts water and one part boric acid.

Wire brush for use on battery rack and floor.

Scotchbrite green industrial abrasive pads.

Distilled water.

No-Ox-Id battery terminal grease.

Small hot plate to heat No-Ox-Id.

Small paint brush to apply No-Ox-Id.

Battery jump-out box (See Batteries and Chargers training manual).
Spare battery inter-cell straps (type varies by battery and manufacturer).

Spare battery inter-cell bolts, nuts and washers (types vary by battery and
manufacturer).

Spare vent caps (type varies by battery and manufacturer).

Spare battery thermometer. (Do not use thermometers containing mercury or that have
been used in Lead Acid batteries).

Metal primer and paint for battery racks.
Acid proof paint for floor.

3.2 Diagnostic Inspection

a) All of the above plus:
b) Inspection card/record from last Diagnostic inspection.

3.3 Acceptance Inspection.

a) All of the above.

Special Safety Equipment Required.
4.1 Chemical proof gloves.

4.2 Acid proof apron.
4.3 Full face shield.
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5. Unusual Hazards

The fluid in nickel-cadmium batteries (electrolyte) is a mixture of potassium hydroxide and
distilled water. Contact with electrolyte can cause blindness, burn skin, and burn holes in clothing.
Electrolyte on skin or clothing should be rinsed off with generous amounts of water. Electrolyte in
eyes should be flushed generously with bottled eyewash solution, or at an eyewash station, and
immediate medical attention sought. Chemical proof gloves and aprons and a full face shield shall
be worn when inspecting or working on nickel-cadmium batteries.

Substation batteries are capably of very high short-circuit currents. Accidentally shorting cells or
batteries can result in severe burns and possibly battery explosions. Only insulated tools should
be used when working on batteries. The use of 1000 volt disposable cover-up (SC 92008882)
should be considered.

Nickel-cadmium batteries may emit small amounts of hydrogen gas during charging.

Although rare, batteries can explode violently and spew electrolyte and plastic shards from
battery jars in all directions. Battery explosions can be caused by internal or external short
circuits.

6. NPCC - Bulk Power Stations - Charger and Battery Inspection

6.1 This section meets the applicable requirements of NPCC Regional Reliability Reference
Directory 3 Maintenance Criteria for Bulk Power System Protection

6.2 Check charger AC and DC circuit breakers are on.

6.3 Check that there is output voltage on charger DC voltmeter.

6.4 Check that there is output current on the charger DC ammeter.

6.5 Visually check all battery cells for general condition and proper electrolyte level.

7. Visual and Operational Inspection.
7.1 Perform battery charger inspection before performing battery inspection.
7.2 Check eyewash stations.

1) Plumbed Eyewash Stations shall be activated to flush the line and to verify proper
operation.

2) Portable or self-contained units shall be visually inspected.

a) The inspection shall ensure that the protective caps are in place and that the seal
has not been broken.

b) Expiration dates shall be checked on sealed fluid cartridges and cartridges replaced
when necessary.

c) Portable or self contained units that have been discharged shall have fluid cartridges
replaced immediately.

3) Allinspections and operational checks shall be recorded on the Eyewash Station
Inspection Tag, NG0139.
7.3 Record battery voltage with charger off.
1)  Turn the digital multi-meter on and select DC voltage and a range higher that the overall

battery voltage to be measured (Range selection is not necessary if the multi-meter is
auto-ranging).
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7.4

7.5

2)  Turn the battery charger’'s AC Circuit breaker off

3) Measure and record the overall voltage between the positive and negative ends of the
battery (points where the battery charger and DC supply leads are connected).

a) Read the voltage immediately after turning off the charger, the battery voltage will
continue to drop.

4)  Turn the battery charger’s AC Circuit breaker on.
Refer to the manufacturer's instruction manual for the proper float voltage.

1)  Voltage will be approximately 1.42 volts per cell but will vary slightly by manufacturer
and type.

2) If the battery charger has ground detector lamps record if a positive or negative lamp is
lit.

3) If the charger has a ground detection voltmeter record the voltages with the meter switch
in both the positive and negative ground positions. If the voltmeter reads voltage when
the switch is in the positive position the battery has a positive ground. If the voltmeter
reads voltage when the switch is in the negative position the battery has a negative
ground.

4) If the charger has no ground detection system use a multi-meter and the procedure in
Appendix A at the end of this document to record the battery positive and negative
voltages to ground. Note: Resistors and additional test leads required.

Visually inspect all battery cells. Refer to the Substation Batteries and Chargers training
manual for details. Record problems and cell numbers on inspection card/record.

1) Electrolyte level. Add distilled water to bring electrolyte level to between the low and high
level lines on the jar or case. Record cell numbers and amount added on inspection
card.

2)  Accumulation of sediment in bottom of jar. Sediment touching battery plates requires
immediate attention.

3) Leaking or damaged jars or cases. Leaking jars or cases require immediate attention.
4)  Check each jar/case to be clean and dry.

a) Clean the tops of jars or cases with a solution of three parts water and one part boric
acid if necessary. Do not allow the solution to enter the battery cells. It will neutralize
the electrolyte and destroy the cell.

5) Check vent caps.

a) Clean and dry vent caps as necessary. Use distilled water.
6) Replace any missing or damaged vent caps.
7)  Check each terminal for corrosion.

a) Clean corrosion off inter-cell conductors with the stiff bristled synthetic brush or
green Scotchbrite and part boric acid/water solution. Do not use a metal bristled, wire
brush.

b) Rinse or wipe the boric acid/water solution residue off with clean water and rags.
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8)

c) Apply a thin coat of heated No-Ox-Id battery terminal grease to any inter-cell
conductors that have been cleaned, with the paint brush. The No-Ox-Id must be
heated to a cream like consistency to avoid applying excessive amounts that will
collect dirt and dust.

d) Connections with sever corrosion should be bypassed with the battery jump-out box,
disassembled, cleaned and painted with No-Ox-Id. (See the Substation Batteries and
Chargers training manual for details on using the battery jump-out box.)

e) Any connections that have been loosened should be retorqued with a torque wrench.
See manufacturer's instruction manual for battery torque values.

Record “as left” overall visual condition of battery bank on inspection card.

7.6 Check rack and floor for paint and cleanliness and grounding.

Wire brush, prime, and paint any chipped or corroded areas on the battery rack.

Wire brush and paint any chipped or corroded areas on the floor under the battery with
acid proof paint. Paint floor areas that are unpainted.

Battery jars and cases should be insulated from the rack with rubber or plastic strips.
Battery jars and cases should not touch each outer.
Battery rack should be grounded to station ground with 4/0 ground wire.

7.7 Replace damaged of missing “Danger Explosive Gas” signs.

Diagnostic Inspection.

8.1 Perform battery charger diagnostic inspection before performing battery diagnostic inspection.

1)

The short amount of time the battery is on equalize during the charger inspection will not
affect battery test results.

8.2 Perform an MBite test on the battery.

1)
2)

The primary purpose of the MBite test is to find strap and connection problems.

Battery banks over 130 volts must be tested in sections. Do not make MBite connections
until the procedure has been reviewed in the MBite manufacturer’s instruction manual or
the Substation Batteries and Chargers training manual.

Refer to the Substation Batteries and Chargers Training Manual or manufacturer’s
instruction manual for operation of the MBite test set and details on MBite testing.

Do voltage and resistance (strap) tests on each cell before moving to the next cell. If the
battery has inter-cell connections that are insulated, with the only bare spot in the
middle, put both probes on this spot when doing the strap test.

a) ltis not necessary to test cell impedances.

If test probes are not ‘dug in” firmly oxide on conductors and/or battery grease can result
in bad readings.

Be sure to wait for the MBite display reading to settle before pushing the test button.
Wait for the “beep” before releasing the test button and moving to the next test. If the
button is released early the test results won'’t be captured.
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12)
13)

14)

Print out the test results.

Evaluate the MBite test results.

Find the cell with the lowest cell voltage and circle it.

Refer to the manufacturer's instruction manual to evaluate cells voltages.
a) If not information is available look for abnormal cells.

Strap resistance is shown in the “Rs mQ” column of the printout. Strap resistances for
inter-cell connections on the top of multi-cell batteries will be different than connections
between batteries.

Strap resistances higher than twice the value of other straps of the same type should be
bypassed with the battery jump-out box, disassembled, cleaned and re-torqued.

Refer to the Substation Batteries and Chargers training manual for more detail on
evaluating MBite results and the battery jump-out box.

Retest any suspect cells and reprint results. Attach final printout to inspection
card/record.

8.3 Perform all of the steps listed in Visual and Operations Inspections above.
8.4 Record the charger's DC ammeter reading on the inspection card.

Acceptance Inspection

9.1 If batteries are supplied without electrolyte follow manufacturer's instructions for adding
electrolyte.

1)

If electrolyte is added cell oil may need to be added after the commissioning charge is
performed.

9.2 Perform battery charger inspection before performing battery inspection.

9.3 Refer to the manufacturer’s operating and installation manuals to see if a commissioning
charge is required.

9.4 Perform all of the steps listed in Visual and Operational, and Diagnostic Inspections above.
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10. Appendix A - Testing For Battery Grounds With A Multi-meter

Digital multi-meters can be used to
test for battery grounds if no ground
detection is provided in the charger.

However, due to their very high input
impedance, a parallel resistor jumper
lead must be fabricated and used. If
the resistor lead is not used the multi-
meter will indicate grounds when
none are present.

1.50

| WAVETEK HD110 |

The resistor jumper lead is fabricated
using a 100k ohm resistor. 100k ohm
resistors are available at Radio Shack
and other electronic component
suppliers.

©©
100k OHM

RESISTOR V- C 0A

With the leads connected to the
positive battery terminal as shown
you are testing for negative grounds.

Move the resistor and meter leads
from the positive to the negative
battery terminal. This will test for
positive grounds.

With this setup voltages less than
10% of the battery voltage (12 volts
for 120-volt battery) indicate no
significant grounds. Full battery
voltages indicate hard (metal to
metal) grounds. Voltages in-between
indicate resistive grounds.

STATION
GROUND
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11.

Record of Revisions
Revision Changes
09/30/2008 Record of Revisions - Acceptance Inspection
Corrected - Perform battery charger inspection before performing battery inspection
02/270/2009 Procedure

Changed — NPCC A-4 - Bulk Power Stations..... to NPCC - Bulk Power Stations......

Reference
Added — NPCC Regional Reliability Reference Directory 3 Maintenance Criteria for Bulk
Power System Protection

NPCC - Bulk Power Stations - Charger and Battery Inspection
Added —This section meets the applicable requirements of NPCC Regional Reliability
Reference Directory 3 Maintenance Criteria for Bulk Power System Protection
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nationalgrid MAINTENANCE Date 021272008
PROCEDURE Paae 1 of 12
BATTERY CHARGER

INTRODUCTION

This procedure describes the methods use to perform Visual and Operational, diagnostic, internal, and
acceptance inspections on battery chargers used in electrical substations.

PURPOSE

Scheduled equipment inspections are necessary to protect both the public and electric utility workers,
prevent unnecessary customer outages, and maximize equipment operating life. This procedure lists
special tools and equipment required, unusual hazards, and methods used, to inspect battery chargers.
ACCOUNTABILITY

Substation and other Supervisors supervising inspection and maintenance activities.

Substation and other Workers performing inspection and maintenance activities.

REFERENCES
National Grid USA Safety Handbook
NPCC Regional Reliability Reference Directory 3 Maintenance Criteria for Bulk Power System Protection

Manufacturer’s Installation, Operating, and Maintenance manuals for the specific equipment to be
inspected.

Manufacturer’s operating manuals for the specific test equipment to be used.

DEFINITIONS

Battery - Group of cells in a common container. Using three cells to create a 6 volt
battery is common in electrical substations.

Battery Bank - Group of cells, or batteries connected in series to create higher voltages.
Battery banks of 24, 48, 120, and 240 volts are common in electrical
substations.

Battery Charger - Device that converts station service AC voltage to a precise, stable DC

voltage. Used to maintain the charge on station batteries and supply normal
DC station loads.

Equalizing Charge - Charging batteries at slightly higher than the normal float voltage for a period
of time. Use to correct unbalances in charge between cells and remove
electrolyte stratification.

Float Voltage - Voltage required to maintain the battery at full charge. Battery chargers are
set to this voltage. Float voltages need to be set accurately to avoid under or
overcharging batteries.

Lead Antimony - One of the three commonly used types of lead acid batteries used in
substation applications. The others are lead calcium and lead selenium.

Printed copies of this document are not document controlled. Refer to the National Grid INFONET,
Substation Services website, for the latest version. Controlled copies are maintained in Documentum.

File SMP406.03.doc
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Lead Calcium - One of the three commonly used types of lead acid batteries used in
substation applications. The others are lead antimony and lead selenium.

Lead Selenium - One of the three commonly used types of lead acid batteries used in
substation applications. The others are lead antimony and lead calcium.

PDA - Personal Digital Assistant. Pocket size computer.

ASSOCIATED EQUIPMENT
Batteries are inspected at the same time as battery chargers they are connected to. See SMP 406.01.2.

PROCEDURE CONTENTS

XN E DD~

TABLE OF CONTENTS
TEST EQUIPMENT REQUIRED. .......coiuiietieiteeeeieeeteeeeeeeeteeeeeeeeeeeeaeeeeteeeeaeeeeaeeeeneeenns 2
MATERIALS REQUIRED. .....ccuviieuiieitieeeeeeeteeeeeeeeteeeeeeeeteeeeaeeeeaeeeeaeeestaeeeseeeeseeeeneeeenes 3
UNUSUAL HAZARDS. ...ttt ettt ea e e et e et a e e e e e eeaveaean 3
NPCC - BULK POWER STATIONS - CHARGER INSPECTION ...........cccoeivvieeeiireeennnn. 3
VISUAL AND OPERATIONAL INSPECTION. .....cccueiitieereeeteeereeeeteeeeueeeeseeeeaeeeeseeeneeens 3
DIAGNOSTIC INSPECTION. ....uviiiuvieetieeeeeeeetteeeteeeetreeeseeeeeeeeseeeeseeeesesessseeeseeeesseeeseeennns 5
ACCEPTANCE INSPECTION. ......ccviiiuieeeuteeetteeeeeeeteeeeeeeeteeeeaeeeeaeeeeaeeeeteeeeseeeesseeeseeenes 7
APPENDIX A ..ot eeiee ettt e et e e e et e e et e e e e aae e e e ete e e e eette e e eetteeeeetaeeeeeaaeaaas 10
RECORD OF REVISIONS.......ccoutiiitiiiitiieeeeeeteeeeteeeeteeeeteeeeteeeeaeeeeteeeeseeeeteesesesaeseeeseeans 11

1. Test Equipment Required.

1.1

1.2

V&O Inspection

1) Digital Multi-meter, 0.25% DC accuracy, IEC 1010-1 Cat. IV
2) Spare batteries for multi-meter.

Diagnostic Inspection

1)  All of the above plus.

2) Resistor and leads to measure battery to ground voltages. See Substation Batteries and
Chargers training manual.

3) Resistor (cabinet heater elements) and leads to set alarm and lockout voltages. (See
Substation Batteries and Chargers training manual.)

4) Testlead with 1 amp inline fuse in series with a 10k ohm, 10 watt resistor for testing
battery charger ground detection circuit.

5)  DC clamp-on ammeter accessory for digital multi-meter.
6) Manufacturer’s Instruction sheet for the clamp-on ammeter accessory.
7) Spare batteries for clamp-on accessory.
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1.3 Acceptance Inspection
1)  All of the above plus:

2) Resistor (cabinet heater elements) and leads to set alarm and lockout voltages. (See
Substation Batteries and Chargers training manual.)

. Materials Required.
2.1  V&O Inspection
1) PDA with National Grid V&O software installed.
2) Inspection card from last V&O Inspection.
2.2 Diagnostic Inspection
1)  All of the above plus:
2) Inspection card from last diagnostic inspection.

3) Two 375 watt cabinet strip heaters and leads to load charger during alarm and ripple
tests.

2.3 Acceptance Inspection
1)  All of the above.

Unusual Hazards

Filter capacitors in battery chargers may be charged up to full battery voltage even with the
chargers AC and DC switches off. Filter capacitors are typically large, round, two-terminal
cylinders.

Battery chargers will have full battery voltage on side of the DC switch/circuit breaker if connected
to the battery. If the DC switch is closed internal sections of the charger will have full battery
voltage even if the AC switch is off.

Lead acid batteries emit hydrogen gas, which is explosive. No smoking, open flames or sparks
are allowed in their vicinity. Only insulated tools should be used when working on them.

Substation batteries are capable of very high short-circuit currents. Accidentally shorting cells or
batteries can result in severe burns and possibly battery explosions.

NPCC - Bulk Power Stations - Charger Inspection

4.1 This section meets the applicable requirements of NPCC Regional Reliability Reference
Directory 3 Maintenance Criteria for Bulk Power System Protection

4.2 Check charger AC and DC circuit breakers are on.

4.3 Check that there is output voltage on charger DC voltmeter.

4.4 Check that there is output current on the charger DC ammeter.

4.5 Visually check all battery cells for general condition and proper electrolyte level.

. Visual and Operational Inspection.

5.1 Perform battery charger inspection before performing battery inspection.
5.2 Check for abnormal noise.
1)  Abnormally loud humming from relays or transformer laminations should be investigated.
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5.3 Record battery charger DC float voltage with charger on.

54

5.5

5.6

5.7

1)  Turn the digital multi-meter on and select DC voltage and a range higher than the overall
battery voltage to be measured (Range selection is not necessary if the multi-meter is
auto-ranging).

2) Measure and record the overall float voltage between the positive and negative ends of
the battery (points where the battery charger and DC supply leads are connected).

3) Voltage should agree with the chargers DC voltmeter.

4) Lead Acid Batteries - Refer to Appendix A at the end of this document to determine
battery type. Voltage read with multi-meter should be within 1 volt of:

Battery Size Lead Antimony | Lead Calcium | Lead Selenium
24 volt — 12 cell 26 volts 27 volts 27 volts
48 volt — 23 cell 50 volts 52 volts 51 volts
48 volt — 24 cell 52 volts 54 volts 54 volts
120 volt — 58 cell 126 volts 131 volts 129 volts
120 volt — 60 cell 130 volts 135 volts 134 volts
240 volt — 116 cell 252 volts 252 volts 252 volts
240 volt — 117 cell 254 volts 254 volts 254 volts
240 volt — 120 cell 260 volts 260 volts 260 volts

Nickel-Cadmium (NICAD) Batteries — Refer to the manufacturers Instruction Manual.

1)  Voltage will be approximately 1.42 volts per cell but will vary slightly with manufacturer
and type.

High voltages can be caused by:

1) Battery charger float voltage set to high. Adjust float voltage. (See Substation Batteries
and Chargers training manual).

2) Battery charger is set to equalize (overcharge) mode. Check with supervisor before
turning battery charger equalize timer/switch off.

Low voltages can be caused by:

1) Battery charger float voltage set to low. Adjust float voltage. (See Substation Batteries
and Chargers training manual).

2) Battery recovering from a recent discharge. Retest before leaving station, and if still low
notify supervisor. Battery charger DC current higher than noted on last inspection card is
an indication of the battery recovering from a discharge.

3) Adjust the float voltage if necessary. Normally their will be a small, screwdriver
adjustment accessible on the front panel. Be careful not to turn the equalizing voltage
adjustment by mistake. Refer to the Substation Batteries and Chargers training manual
and/or the manufacturer’s instruction book for further information.

4) Record the final float voltage on the inspection card.
Record battery charger DC load current.

1)  Record the battery charger’'s DC current from the charger’s panel ammeter on the
inspection card.
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5.8 Check for ground indication.

1)
2)

3)

If the battery charger has ground detector lamps record if a positive or negative lamp is
lit.

If the charger has a ground detection voltmeter record the voltages with the meter switch
in both the positive and negative ground positions.

If there is no ground detection system use the procedure in the Substation Batteries and
Chargers training manual to record the battery positive and negative voltages to ground.
Note: Resistor and additional test leads required. See Substation Batteries and Chargers
Training manual.

5.9 Testloss of AC alarm.

1)
2)
3)
4)
5)

Notify dispatch center you will be sending an alarm
Turn off the charger’s AC circuit breaker.

Verify the dispatch center received the alarm.

Turn the charger’s AC circuit breaker.

Record the test result on the inspection card.

5.10 Check charger for cleanliness and grounding.

1)
2)
3)

Wire brush, prime, and paint any chipped or corroded areas on charger’s cabinet.
Battery charger should be grounded to station ground.

With the charger AC and DC switches off inspect the inside of the cabinet for dust,
leaking capacitors, and overheated or damaged components.

Diagnostic Inspection.

6.1 Perform battery charger diagnostic inspection before performing battery diagnostic inspection.
6.2 Perform all of the steps listed in Visual and Operations Inspections above.
6.3 Test equalizing timer switch and record equalizing voltage.

1)

Turn the chargers equalize switch or timer on. Current indicated on the charger’s
ammeter should increase.

a) The current should not be higher than 90% of the DC circuit breaker rating. Example:
DC circuit breaker is 20A. 90 times 20 =1800. Throwaway the last two digits. Current
should not be more than 18 amps. If the current is over the limit refer to the
manufacturer’s instruction manual and adjust the current limiting setting.

b) If the chargers ammeter reads over 3/4 full scale the charger may be in the current
limiting mode. Wait 15 minutes, if the ammeter doesn’t drop below 3/4 full scale do
not adjust the equalizing voltage. Note on the inspection card/record that the charger
may be current limiting on equalize.

Turn the digital multi-meter on and select DC voltage and a range higher that the overall
battery voltage to be measured (Range selection is not necessary if the multi-meter is
auto-ranging).

Measure and record the overall voltage between the positive and negative ends of the
battery (points where the battery charger and DC supply leads are connected).
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6.4

6.5

4)

7)
8)

Lead Acid Batteries - Refer to Appendix A at the end of this document to determine
battery type. Voltage should be within 1 volt of:

Battery Size Lead Antimony Lead Calcium Lead Selenium
24 volt — 12 cell 29 volts 28 volts 28
48 volt — 23 cell 55 volts 54 volts 54
48 volt — 24 cell 57 volts 56 volts 56
120 volt — 58 cell 138 volts 135 volts 136
120 volt — 60 cell 143 volts 140 volts 140
240 volt — 116 cell 277 volts 271 volts 271
240 volt — 117 cell 279 volts 273 volts 274
240 volt — 120 cell 286 volts 280 volts 281

Nickel-Cadmium (NICAD) Batteries — Refer to the manufacturers Instruction Manual.

Adjust the equalizing voltage if necessary. Normally there will be a small, screwdriver
adjustment accessible on the front panel. Be careful not to turn the float voltage
adjustment by mistake. Refer to the Substation Batteries and Chargers training manual
and/or the manufacturer’s instruction book for further information.

Record the final equalizing voltage on the inspection form/record.
Turn the battery charger’s equalizing timer or switch off.

Test Ground detection circuit — non microprocessor based chargers.

Connect a10k (10,000) ohm, 10 watt or greater resistor from the positive terminal of the
battery to station ground.

If the battery charger has ground detector lamps the positive lamp should light.

If the charger has a ground detection voltmeter the meter will show voltage when the
switch is in the positive position.

Connect a10k (10,000) ohm, 10 watt or greater resistor from the positive terminal of the
battery to station ground.

If the battery charger has ground detector lamps the negative lamp should light.

If the charger has a ground detection voltmeter the meter will show voltage when the
switch is in the negative position.

a) Resistors may be available a Radio Shack and are available from electronic
distributors such as Newark Electronics.

Test Ground detection circuit — microprocessor based chargers.

1)
2)

Access the battery ground setting through the chargers menu system.
Verify the alarm is set to 20k ohms (20,000 ohms).
a) Use 10k (10,000) ohm, 10 watt or greater resistor to test the ground detection circuit.

b) Test the positive ground detection by connecting the resistor from positive to
ground.

c) Test the negative ground detection by connecting the resistor from negative to
ground.

d) Resistors may be available a Radio Shack and are available from electronic
distributors such as Newark Electronics.
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6.6 Verify Operation of DC voltmeter.

1)

Turn the digital multi-meter on and select DC voltage and a range higher that the overall
battery voltage to be measured (Range selection is not necessary if the multi-meter is
auto-ranging).

Measure and record the overall float voltage between the positive and negative ends of
the battery (points where the battery charger and DC supply leads are connected).
Compare reading to the reading on the battery charger's DC panel voltmeter.

Adjust the charger’s panel voltmeter to agree with the multi-meter reading with the panel
meter’s Zero Adjust screw located on the meter face. It is OK if the meter no longer
reads zero, with the charger off. If the charger has a digital voltmeter note both readings
on the inspection card.

6.7 Verify Operation of DC ammeter.

1)

Refer the manufacturer’s instruction sheet for the DC clamp-on ammeter accessory. You
might have to set the multi-meter on a voltage range even though you are measuring
current. Normal clamp-on ammeters, with out special provisions for measuring DC, will
not read DC battery currents.

Clamp the ammeter accessory around the small positive (white) wire from the charger to
the battery.

Measure and record the current. Ignore any minus signs.

Adjust the charger’s panel ammeter to agree with the multi-meter reading with the panel
meter's Zero Adjust screw located on the meter face. It is OK if the meter no longer
reads zero, with the charger off. If the charger has a digital ammeter note both readings
on the inspection card.

Record the charger's ammeter reading on the inspection card/form.

7. Acceptance Inspection.

7.1 Perform battery charger inspection before performing battery inspection.
7.2 Set the battery ground detection setting to 20k ohms (20,000 ohms).

a) This step is normally only required on microprocessor based chargers.

b) A separate menu step may be needed to activate the ground detection alarm after it
is entered.

7.3 Perform all of the steps listed in Visual and Operations, and Diagnostic Inspections above.

7.4 Set and test low and high DC voltage alarms, battery ground alarm, and high voltage shut
down.

1)
2)

Refer to the manufacturer’s literature and the Substation Batteries and Chargers training
manual for more detail.

Microprocessor based charger alarms and settings are made through the chargers menu
system and display.

a) A separate menu step may be needed to activate alarms and settings after they are
entered.

Not all chargers have all of the features listed below. Refer to the manufacturer’s
literature.

If the features are installed in the charger, and not connected, note this on the inspection
card.
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Test the low voltage alarm.

f)

Disconnect and tape the charger to battery leads from the charger one at a time. Be
careful not to short or ground them.

The charger output voltage should still indicate the proper float voltage.

Mark the position of the float voltage adjustment.

Slowly lower the float voltage until the low voltage alarms.

Measure the charger output voltage and record the value on the inspection card.
Turn the float adjustment back to its initial position.

Test the high voltage alarm

a)
b)
c)
d)
e)

f)

s))
h)

Turn the chargers equalize switch or timer on.

Mark the position of the equalize adjustment.

Slowly increase the equalize voltage until the high voltage alarms.

Measure the charger output voltage and record the value on the inspection card.

Test the high voltage shutdown, if equipped. (C&D ARE, ARR-M — Others check
Instruction Manual).

Monitor and continue to increase the equalize voltage until the charger shuts down.
Record the value on the inspection card.
Turn the equalize adjustment back to its initial position.

Return the charger to service

a)
b)
c)
d)
e)

Turn off the chargers DC circuit breaker.
Turn off the chargers AC circuit breaker.
Reconnect the battery to the charger.

Turn on the charger’s DC circuit breaker.
Turn on the chargers AC circuit breaker.

Check and adjust the equalize voltage if necessary.
Turn off the equalize switch or timer.
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10) Check and adjust the float voltage if necessary
11) Lead Acid Batteries - Alarm and shutdown Voltages should be with in 1 volt of:

Battery Size e | e | Shutdonn
24 volt — 12 cell 24 volts 30 volts 32 volts
48 volt — 23 cell 47 volts 56 volts 58 volts
48 volt — 24 cell 49 volts 58 volts 60 volts
120 volt — 58 cell 119 volts 138 volts 140 volts
120 volt — 60 cell 123 volts 143 volts 145 volts
240 volt — 116 cell 238 volts 276 volts 280 volts
240 volt — 117 cell 240 volts 279 volts 283 volts
240 volt — 120 cell 246 volts 286 volts 290 volts

7.5 Nickel- Cadmium (NICAD) Batteries.
1) Low Voltage Alarm - 90% of manufacturer's recommended float voltage.
2) High Voltage Alarm - 108% of manufacturer's recommended float voltage.
3) High Voltage Shutdown — 2 volts higher than high voltage alarm setting.
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8. Appendix A
MFR TYPE Battery Type
ALCAD SD-5, SD-7, SD-9, SD-11, SD-13, SD-15, SD-21 Lead-Selenium
ALCAD SGL-7, SGL-13 Lead-Selenium
Chloride YCP-9, YCP-11, YCP-13, YCP-17, YCP-25 Lead-Calcium
C&D DCU-9, DCU-13, DCU-15, DCU-17 Lead-Calcium
C&D KCR-7, KCR-9, KCR-11, KCR-13 Lead-Calcium
C&D KCR-15, KCR-17, KCR-19, KCR-21 Lead-Calcium
C&D KCU-7, KCU-9, KCU-11, KCU-17 ?
C&D JC-100, JC-150 Lead-Calcium
C&D Liberty 2000 Lead-Calcium
C&D LS 4-300, LS 6-50, LS 6-125, LS 6-200 Lead-Calcium
C&D LS 12-25, LS 12-55, LS 12-80, LS 12-100 Lead-Calcium
C&D LST Lead-Calcium
C&D KC-7, KC-13 2
C&D KCT-300, KCT-360 Lead-Calcium
C&D XT4-JC9 Lead-Calcium
C&D 2JC-300 Lead-Calcium
C&D 3DCU-3, 3DCU-5, 3DCU-7, 3DCU-9, 3DCU-11, 3DCU-15 | Lead-Calcium
C&D 3DU-3, 3DU-5, 3DU-7, 3DU-9, 3DU-11 Lead-Antimony
C&D 3JC-100 Lead-Calcium
C&D 3KCR-5 ?
C&D 4JC50, 4JC100, 4JC150 Lead-Calcium
C&D XLB ?
Excide All with “CA” in Type Lead-Antimony
Excide All with “CC” in Type Lead-Calcium
Electric Storage Battery [ All with “CA” in Type Lead-Antimony
Electric Storage Battery | All with “CC” in Type Lead-Calcium
FIAMM SD-5, SD-7, SD-9, SD-11, SD-13, SD-15, SD-21 Lead-Selenium
Storage Battery Systems | SR Lead-Selenium
Yuasa All with “CA” in Type Lead-Antimony
Yuasa All with “CC” in Type Lead-Calcium

10
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9. Record of Revisions

Revision

Changes

02/12/2009

Materials Required - Diagnostic Inspection
Added —Resistor (cabinet heater elements).....

Materials Required — Acceptance Inspection
Removed — Resistor (cabinet heater elements).....

Acceptance Inspection — Test Low Voltage Alarm
Removed — If it doesn’t connect the strip heaters to the charger.......

02/72/2009

Procedure
Changed — NPCC A4 — Charger Check to NPCC - Bulk Power Stations......

Reference
Added — NPCC Regional Reliability Reference Directory 3 Maintenance Criteria for Bulk
Power System Protection

NPCC - Bulk Power Stations - Charger Inspection
Added —This section meets the applicable requirements of NPCC Regional Reliability
Reference Directory 3 Maintenance Criteria for Bulk Power System Protection
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INTRODUCTION

This procedure describes the methods used to locate substation battery grounds.
PURPOSE

This procedure lists special tools and equipment required, unusual hazards, and methods used, to
locate substation battery grounds.

ACCOUNTABILITY

Substation and other Supervisors supervising inspection and maintenance activities.

Substation and other Workers performing inspection and maintenance activities.

COORDINATION

Not Applicable
REFERENCES

National Grid USA Safety Handbook

Manufacturer’s Installation, Operating, and Maintenance manuals for the specific equipment to be
inspected.

Manufacturer’s operating manuals for the specific test equipment to be used.

DEFINITIONS

Battery - Group of cells in a common container. Using three cells to create a 6 volt battery is
common in electrical substations.

Battery Bank - Group of cells, or batteries connected in series to create higher voltages. Battery

banks of 24, 48, 120, and 240 volts are common in electrical substations.

Battery Charger - Device that converts station service AC voltage to a precise, stable DC voltage.
Used to maintain the charge on station batteries and supply normal DC station

loads.

Battery Ground -  The positive, negative or both sides of the stations battery, or its associated
circuits, have a connection to station ground with an impedance of less than
1 megOhm.

Case - Container enclosing a group of battery cells.

Cell - Basic component of a battery or battery bank. In a lead acid battery each cell

generates approximately 2.2 volts.
TRAINING
Not Applicable
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1.0

EST

EQUIPMENT REQUIRED

1.1

1.2

1.3

Digital Multi-meter (always required)

1.1.1 Clip leads with a 1 amp inline fuse and a 100k Ohm, 5 Watt resistor in series
Ground Detection Test Set

1.2.1 Biddle Groundbuster — Catalog # 246100 (Currently sold as Megger BGFT) or;
1.2.2  Megger Battery Ground Fault Locator — Catalog #835140 or;

1.2.3 ELECTROM - GDL-201

Megohmmeter with 500V and 1kV voltage ranges

UNUSUAL HAZARDS

21

2.2

2.3

24

The fluid in lead acid batteries (electrolyte) is a mixture of sulfuric acid and distilled water.

2.1.1 Contact with electrolyte can cause blindness, burn skin, and burn holes in
clothing.

21.2  Electrolyte on skin or clothing should be rinsed off with generous amounts of
water.

2.1.3 Electrolyte in eyes should be flushed generously at an eyewash station and
immediate medical attention sought.

214 Acid proof gloves and aprons and a full face shield shall be worn when inspecting
or working on batteries.

Lead acid batteries emit hydrogen gas, which is explosive.

2.2.1 No smoking, open flames or sparks are allowed in their vicinity. Only insulated
tools should be used when working on batteries.

Substation batteries are capably of very high short-circuit currents.

2.31 Accidentally shorting cells or batteries can result in severe burns and possibly
battery explosions.

2.3.2 The use of 1000 volt disposable cover-up (SC 92008882) should be considered.

Although rare, batteries can explode violently and spew electrolyte and plastic shards from
battery jars in all directions.

2.4.1 Battery explosions can be caused by internal or external short circuits, or the
ignition of hydrogen gases.
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3.0 METHODS USED TO LOCATE DC GROUNDS

Normally a combination of the following methods will be used to located DC grounds depending on the
individual circumstances and criticality of the DC circuits involved.

3.1

3.2

3.3

3.4

Interruption

3.1.1

3.1.2

Interruption is the monitoring of the circuits ground status while opening sections
of the circuit. Monitoring shall be done using the test setup shown in Appendix D
of this document.

Interruption is a fast method for determining the subsection, or area, of the circuit
containing the ground. The disadvantages are possible interruption of tripping
and unanticipated operations of control schemes or protective relays.

Signal Tracing

3.2.1

3.2.2

Signal Tracing consists of injecting an AC signal into the ground path and tracing
it with a special AC current clamp and/or headphones. The signal will only
appear on wires that are in the ground path. The injected signal is very low level
and should not affect control circuits or protective relays.

Signal tracing can be done with the circuit energized and is relatively fast. The
disadvantage is as the impedance of the ground goes up is more difficult to find.
Hard (metal to metal) grounds are easy to trace. Locating grounds of 10,000
ohms or more is difficult, 100,000 ohms or more may not be possible. Multiple
high resistance grounds will be difficult, or impossible, to find with this method.

Insulation Impedance testing.

3.3.1

3.3.2

3.3.3

Insulation impedance testing (megger) is done with the wires to be tested de-
energized and isolated. Although it can be used on any wire its primary use is to
test cable runs and bundles.

High impedance grounds can be easily identified. However the difference
between hard (metal to metal) and grounds of 10s of thousands of ohms can not
be distinguished. Impedance testing with a multi-meter after megger testing can
be used to determine the values. Insulation impedance testing is also effective in
identifying intermittent grounds caused by moisture and deteriorated insulation.
The megger will often show relatively low values after the alarm has cleared in
these cases.

Disadvantages are the circuits must be de-energized and isolated for relatively
long periods of time and if isolation is not done properly damage to electronic
control circuits and protective relays or unanticipated operations may occur.

Mechanical Testing

3.4.1

Mechanical testing may be done once the ground has been located to a relatively
small area. Movement of swing panels, doors or wire bundles may help identify
grounds caused by insulation chafing. This may be the only way to identify some
intermittent grounds.
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3.5 Visual Inspection

3.5.1

Visual Inspection may be done once the ground has been located to a relatively
small area. It is not usually an effective way to identify grounds.

4.0 DC GROUND VERIFICATION PROCEDURE

4.1

4.2

Notify the System Operator that you will be investigating a battery ground following
Substation Maintenance Procedure SMP 406.10.2 and that it will impact station alarms

only.

Verify Battery Ground by one or more of the following:

4.2.1

422

423

424

Battery grounds may be intermittent; previously reported battery grounds may not
be present at time of testing.

a. Intermittent battery grounds may be due to moisture.

If the battery charger has ground detector lamps record if the positive or negative
lamp is lit.

If the charger has a ground detection voltmeter record the voltages with the
meter switch in both the positive and negative ground positions.

a. If the voltmeter reads voltage when the switch is in the positive position the
battery has a positive ground.

b. If the voltmeter reads voltage when the switch is in the negative position the
battery has a negative ground.

Whether, or not, the charger has indicates a ground use the multi-meter and the
test setup shown in Appendix D, at the end of this document, to record the
battery positive and negative voltages to ground.

a. Measured voltage from positive post to ground indicates a negative ground
on system and measured voltage from negative post to ground indicates a
positive ground on system.

Resistor with test leads is required to get meaningful results.
Turn off the charger’s AC circuit breaker.
Turn off the charger’s DC circuit breaker.

® 2 0 T

Wait 10 minutes and then use a multi-meter to record the battery positive
and negative voltages to ground measured across the connected resistor
jumper.

f. Turn on the charger’s DC circuit breaker.
g. Turn on the charger’s AC circuit breaker.

h.  Categorize the measured positive and negative voltage results based on
table below.
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. > 10K ohm <10K ohm

Battery Size | No Ground Ground (Hard) Ground

24 volt < 3 volts < 22 volts > 22 volts

48 volt <5 volts <41 volts > 41 volts

120 volt <12 volts < 105 volts > 105 volts

240 volt < 24 volts <210 volts > 210 volts

> = greater than, < = smaller than

4.3 Follow up based on results obtained from the table above.
4.3.1 When the battery ground has been detected as a Likely < 10k ohm Ground:
a. It should be located within 10 work days.
b.  Enter a follow up work order, priority 4, into AIMMS to address the
necessary action if the ground is not located the same day as verified.
4.3.2 When the battery ground has been detected as a Likely >10k ohm Ground:
a. It should be located within 30 work days.
b.  Enter a follow up work order, priority 4, into AIMMS to address the
necessary action if the ground is not located the same day as verified.
43.3 No Ground - Investigate charger.
a. Repeat procedure with charger in service to confirm if it is the cause of
battery ground.
b.  If confirmed investigate charger with assistance of manufacturer or replace
charger.
c. If ground still does not exist then note weather/soil conditions and file all

information collected in a trouble report.

5.0 LOCATING BATTERY GROUNDS - INTERRUPTION METHOD

While shutting off of DC circuits at the DC circuit breaker/fuse panel is an efficient method

of narrowing the search area it can only be utilized after the risk is confirmed to be

Before interruption DC circuits must be confirmed by both DC circuit breaker/fuse position

labeling and the current station DC one-line print.

If these two sources of information conflict, then use the DC schematic and field checking

Circuits should only be shut off for the time necessary to verify the ground status utilizing

procedure in Appendix D (less than a minute).

5.1
reasonable.
5.2
5.3
to resolve the conflict.
54
5.5

At a substation with single pole breakers or individual fuses in the DC circuits always turn

off the Positive side first then the Negative side. To return the circuit to service put the
Negative on first then the Positive.
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Under No Circumstances shall the DC supply to the following be interrupted
5.6.1 DC supply to the DC Panel (battery safety switch)
5.6.2 DC panel main breaker (if applicable)

5.6.4 DC supply to Relay Cabinets

5.6.7 DC supply to Fault Recorders
5.6.8 DC supply to telephone panel (Positron)
5.6.9 DC supply to Local Control Cabinets

Only the types of circuits listed below are permitted to be shut off to determine the source

5.7.1 DC Emergency Lighting supply
5.7.2 Circuit Switcher DC supply
5.7.3 Motorized Air break DC supply

5.7.5 DC supply to a single transmission/distribution circuit breaker/recloser

5.7.7 DC supply to alarm circuits

Note: If the above circuits have further isolation points (08 switches, fuses) beyond the DC
panel these may be opened once their location is confirmed using station schematic
and/or wiring prints. Do not open slide links or lift wires.

Note: If a circuit, as identified on the panel and/or DC One Line, does not specifically
match the permitted list do not shut the circuit off.

5.6

5.6.3 DC Switch Board Power

5.6.5 DC supply to Relays

5.6.6 DC supply to RTU or PLC
5.7

of a DC ground.

574 DC supply to annunciators

5.7.6 DC supply to panel meters
5.8

If a circuit interruption changes the voltage measurement in a manner that the battery
ground category has gone from < 10k Ohm to > 10k Ohm or from any category to No
Ground, as defined in the table in section 4.2 — 4), stop using the interrupting method.

5.8.1 Perform one of the following on the DC circuit identified as having the battery
ground.

5.8.2 Use the Signal Tracing method to attempt to further pinpoint location.

5.8.3 Remove the associated equipment from service so that circuit can undergo
further isolation/insulation impedance testing and close visual inspection.

a. Requires normal equipment outage application process.
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6.0 LOCATING BATTERY GROUNDS - SIGNAL TRACING METHOD

6.1

6.2
6.3

6.4
6.5

6.6

The following signal tracing test equipment is available within National Grid USA and is
known to have reasonable success rate locating battery grounds.

6.1.1 Biddle Groundbuster — Catalog # 246100

6.1.2  Megger Battery Ground Fault Locator — Catalog #835140

6.1.3 ELECTROM - GDL-201

Use this equipment, and its associated instruction manual, to attempt to find ground.

This may not be successful since effectiveness diminishes when ground impedance
values are above 10k ohm.

If there are multiple high impedance grounds success will also be unlikely.

Use of one of these test sets It is required to determine if Signal Tracing will be able to
pinpoint a battery ground to a specific circuit or area.

Appendices A, B, and C provide information about each signal tracing equipment and how
to determine if success is likely.

7.0 GROUND CAN NOT BE LOCATED BY ABOVE TESTS

7.1

Contact O&M Services with Data collected up to this point.
7.1.1 Other options will be explored with agreement of all groups. These may include:

a. Attempt to locate with alternative equipment (oscilloscope + signal
generator or megohmmeter).

b.  Perform review to determine if additional mitigating steps can be taken to
interrupt DC circuits originally skipped with an acceptable risk level.

c.  Explore the use of standby switching personnel, locally or remotely, to
minimize risk during testing.

d. Explore removing portions of station, or station from service, to locate the
ground.

e. Accept existence of the DC ground based on measured impedance level
and a documented plan to monitor ground and trigger further action.

8.0 REPAIRING BATTERY GROUNDS

8.1

8.2

Repair of grounds that require DC interruption of protective or control schemes, require
the removal of the associated equipment from service.

8.1.1 Normal equipment outage application process is required.

Battery grounds should be repaired immediately, when ever possible.
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8.3 When the battery ground is less than 10k Ohms repairs shall be completed within thirty

days.

8.3.1 Unless multiple grounds, each above 10 k Ohms, can be conclusively identified
the 30 day time frame applies.

8.3.2 If there is no existing follow up work order.

a.

Enter a follow up work order, priority 4, into AIMMS to document the
problem and repair.

8.4 When the battery ground is more than 10k Ohms repairs shall be completed within six

months.

8.4.1 If there is no existing follow up work order.

a.

Enter a follow up work order, priority 3, into AIMMS to document the
problem and repair.

9.0 APPENDIX A - SIGNAL TRACING EQUIPMENT - BIDDLE GROUNDBUSTER

Catalog # 246100 (Currently sold as Megger BGFT)

Output Voltage Meter

Output Current Meter

Output Voltage Switch

CAPACITANCE (uF)
5 8

Fuse
\\\\\\

a1 o ) "
¥d i
W
@ "
300 0 »
0 £
10 )
ah SwHOT

sth - SHORT
RESISTANCE (kC2)

.
‘@g
!

TRANSMITTER Ready Indicator

‘1 Gain Selecto
Switch

Battery
LED

RECEIVER

9.1 The Megger BGFT Transmitter outputs an adjustable (0-50V, 1.7 Amp max, 20HZ) AC
signal. Its CT clamp Receiver detects the presence of this signal in wires on the DC

system.
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Steps to utilize the BGFT and evaluate the results:

9.2.1 Set voltage control fully counterclockwise to minimum.

9.2.2 Set output voltage switch and power supply switch to off (O or Disconnect).
9.2.3  Turn all capacitance selector switches fully counter-clockwise.

9.24 Turn the left-most resistance selector switch to open and the other two resistance
selector switches fully clockwise.

9.25 Insert transmitter output cable (2 wires with leads on one end, and round
connector on other) into the J3 Voltage Output plug.

9.2.6 Connect the other end of the transmitter output cable (source leads) at the

a. Black boot to bare metal ground, red boot to DC battery cable connection,
positive, or negative, that has a ground.

Connect the transmitter power cord and turn the Power Switch on.

9.3.1 When Ready Indicator comes on, about 30 seconds, turn the Output Voltage
9.3.2  Slowly turn the Output Voltage Control clockwise until 20 Volts is shown on the

Assemble the receiver (CT clamp banana jacks plugged into top).
9.4.1 Put the Receiver Gain switch to battery test. Green BATT LED indicates a good

9.4.2 Set the Receiver to X10 Gain and place the current probe clamp around the
battery cable, positive or negative, that has the ground. The current probe red
marking should be facing toward the battery.

943 If the Receiver Meter shows a 1 or greater the BGFT may be able to locate the

944 If the first measured value is less than 1 then ensure the ground connection is
making good contact on a bare grounded surface. If the measured value
remains less than 1 stop the test and document on the Inspection Card (SMP

9.2
battery location.
9.3
switch on.
Output Voltage meter.
9.4
battery.
ground.
406.10.3)
9.5

At the DC Panel, with the receiver red marking facing toward the battery, determine which
DC circuit has the largest signal.

9.5.1 Record all measurements taken on the Inspection Card (SMP 406.10.3).

9.5.2 The signal current may split into multiple circuits or wires indicating more than
one ground.

9.5.3  Trace each circuit or wire with a ground signal, moving away from the Battery/DC
Panel and attempt to locate the ground(s).

954 If tracing becomes difficult attempting options, such as turning up Receiver Gain,
(sensitivity) or moving Transmitter connection closer to the Receiver could help.
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10.0 APPENDIX B - SIGNAL TRACING EQUIPMENT - MEGGER BATTERY GROUND FAULT
LOCATOR

Catalog # 835140 (Currently sold as Megger BGFT)

Megger.
BATTERY GROUND-FAULT LOCATOR

10.1  The Meggar BGL has a Transmitter which outputs an (3.5 volt, 110 mA max, 25HZ) AC
signal and an integrated Receiver with CT clamp for detecting this signal at locations on
the DC system.

10.2  Steps to utilize equipment and evaluate results it may give:

10.2.1 Set the Power Toggle switch to Off, Function Toggle Switch to Resistance, and
Memory Toggle switch to Normal.

10.2.2 Insert transmitter Output Cable, 3 wires with leads on one end, and round
connector on other, into the Output connector.

10.2.3 Connect the other end of the Output Cable (source leads) at battery location.

a. Green and Black boot to bare metal ground, Red boot to DC battery cable
connection polarity, positive, or negative, that has a ground.

10.2.4 Connect the power cord and turn the Power switch ON. (Unit can also operate
using battery, if tested charged).

10.2.5 Connect CT clamp cable to the CT and to the Input Sensor connector on the
Transmitter.
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10.2.6  Clamp on current probe around the polarity battery cable, positive, or negative,

10.2.7

that has the ground
a. The current probe red marking should face toward the battery

If the Meter shows 10k ohms or less the test set may be able to locate the
ground.

a. If the meter shows greater than 10k ohms ensure the ground connection is
making good contact on a bare grounded surface.

b. If he measured value remains greater 10k ohms stop the test and
document on Inspection Card (SMP 406.10.3).

10.3 At the DC Panel, with the receiver red marking facing toward the battery, determine which
DC circuit has the largest signal.

10.3.1
10.3.2

10.3.3

Record all measurements taken on the Inspection Card (SMP 406.10.3).

The signal current may split into multiple circuits or wires indicating more than
one ground.

Trace each circuit or wire with a ground signal, moving away from the Battery/DC
Panel and attempt to locate the ground(s).

11.0 APPENDIX E - SIGNAL TRACING EQUIPMENT - ELECTROM - GDL-201

11.1  The Electrom-GDL-201 Transmitter generates a low current, audio frequency (AF) signal
when a connection exists between the two leads.
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11.1.1 A separate Receiver is used to track this signal.

Steps to utilize equipment and evaluate results it may give:

11.2.1 Make sure battery is not in transmitter.

11.2.2 Set the Frequency adjustment knob on lowest setting (counterclockwise).

11.2.3 Insert transmitter output cable (2 wires with leads on one end, a round connector
on other) into transmitter Output connector and connect two leads together.

11.2.4 Assemble two silver probes and insert them into the receiver.
11.2.5 Insert headphone plug into the Receiver and turn The Receiver On.

11.2.6  Put the battery into transmitter and place the Receiver rubber probe tip against

a. Increase Sensitivity level until a strong signal is heard.
Connect the transmitter output (source) leads at battery location.
11.3.1  Connect black boot to bare metal ground.

11.3.2 Connect Red boot to DC battery cable connection polarity, positive, or negative,
Compare the sound intensity heard with this connection to the initial test of the Transmitter

11.4.1 The best situation is a large difference between the intensity of the two signals.
11.4.2 If this is the case the test set may be able to locate the ground.

11.4.3 If there is no change in intensity then capacitors in electronic equipment are likely

11.4.4 If no audible signal is heard then check ground connection to make sure it is
making good contact with a bare surface.

11.4.5 If the situations in 11.4.3 and in 11.4.4 remain then stop the test and document
on Inspection Card (SMP 406.10.3). Retest using one of the other signal tracing

At the DC Panel determine which DC circuit has the largest signal.
11.5.1 Record all measurements taken on the Inspection Card (SMP 406.10.3).

11.5.2 The signal current may split into multiple circuits or wires indicating more than

11.5.3 Trace each circuit or wire with a ground signal, moving away from the Battery/DC
Panel and attempt to locate the ground(s).

If tracing becomes difficult attempting options, such as turning up Receiver sensitivity, or
moving Transmitter connection closer to the Receiver could help.

11.2
the Transmitter output leads.
11.3
that has a ground.
11.4
output leads.
causing false readings.
test sets.
11.5
one ground.
11.6
11.7

Caution! When testing is complete make sure to remove the battery from transmitter prior
to unplugging the output cables. Otherwise damage to the test set may result.
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12.0 APPENDIX F - TESTING FOR BATTERY GROUNDS WITH A MULTI-METER

1.50

| WAVETEK HD110 |

100k OHM @ o

RESISTOR V- C 10A

STATION
GROUND

12.1  Digital multi-meters can be used to test for battery grounds if no ground detection is
provided in the charger.

12.2 However, due to their very high input impedance, a parallel resistor jumper lead must be
fabricated and used. If the resistor lead is not used the multi-meter will indicate grounds
when none are present.

12.3 The resistor jumper lead is fabricated using a 100k ohm 5 Watt resistor. 100k ohm
resistors are available at Radio Shack and other electronic component suppliers.

12.4  With the leads connected to the positive battery terminal as shown you are testing for
negative grounds.
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12.5 Move the resistor and meter leads from the positive to the negative battery terminal. This
will test for positive grounds.

12.6  With this setup, voltages less than 10% of the battery voltage (12 volts for 120-volt battery)
indicate no significant grounds. Full battery voltages indicate hard (metal to metal)
grounds. Voltages in-between indicate resistive grounds.

13.0 REVISION HISTORY

Version Date

Description of Revision

1.0 02/27/09

2.0 04/01/10

Initial version of document.

Converted to the new EDO format.

Section 2.1.3 - Changed “... generously with bottled eyewash solution, or at an eyewash station,
and immediate ...” to “... generously at an eyewash station and immediate ...”

Section 4.2.4 - Modified table. Header of last column changed from “Low Impedance (Hard)
Ground” to “< 10K ohm (Hard) Ground”

Section 4.3.1 - Changed “... detected as a Low Impedance Ground:” to “... detected as a Likely
< 10k ohm Ground:”

Section 5.8 - Changed “... category has gone from Low Impedance to > 10k Ohm ...” to “...
category has gone from < 10k Ohm to > 10k Ohm ...”

Section 11.4.5 - Changed “If situations c¢) and d) remain then ...” to “If the situations in 11.4.3 and in
11.4.4 remain then ...”
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INTRODUCTION

This procedure describes the methods used to perform Visual and Operational, Thermographic,
Mechanism, and Diagnostic on capacitor banks used in electrical substations.

PURPOSE

Scheduled equipment inspections are necessary to protect both the public and electric utility workers,
prevent unnecessary customer outages, and maximize equipment operating life. This procedure lists
special tools and equipment required, unusual hazards, and methods used, to inspect capacitor banks.
ACCOUNTABILITY

Substation and other Supervisors supervising inspection and maintenance activities.

Substation and other Workers performing inspection and maintenance activities.

COORDINATION
New England - Worcester Lab — Thermographic Inspection.
Relay Department needed to check Bank Guard Relaying - Diagnostic Inspection (If applicable).

REFERENCES
National Grid USA Safety Handbook
SMP 408.01.4 Working On Substation Capacitor Banks

Manufacturer’s Installation, Operating, and Maintenance manuals for the specific equipment to be
inspected.

Manufacturer’s operating manuals for the specific test equipment to be used.

DEFINITIONS

PDA - Personal Digital Assistant. Pocket size computer.

Bleed down Resistor - High-value (megohms) internal resistor connected across a capacitor.
Provides a current path to discharge the capacitor when power is removed.

Bank Guard Relay - Relay that monitors the neutral current ,or voltage ,on some Y connected

capacitor banks. Excessive neutral current, or voltage, indicates failed
capacitor units or other phase related problems.

Impedance Relay - Relay that measures phase voltages and currents and computes phase
impedance. Most sensitive method of detecting failed capacitor units or other
phase related problems.

Halo - Manufacturer’s trade name for hot-stick ammeter.

Printed copies of this document are not document controlled. Refer to the National Grid INFONET,
Substation Services website, for the latest version. Controlled copies are maintained in Documentum.

File SMP408.01.doc
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KVA - Kilo volt ampere. Current times voltage divided by 1000.
Microfarad - Measure of capacitance.

ASSOCIATED EQUIPMENT
Capacitor switch

PROCEDURE CONTENTS

Table of Contents
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1. Test Equipment Required.
1.1 V&O Inspection
1) Digital Multi-meter, IEC 1010-1 Cat. IV
2) Spare batteries for multi-meter.
3) Fuseless (internally fused) capacitor banks.

a) Hot-stick Ammeter and universal hot-stick. HD Electric model 8280 (Halo) or
equivalent.

b) Spare batteries for hot-stick ammeter.
1.2 Thermographic Inspection
1) Infrared test set. Lab supplies in NE
1.3 Pre-Peak Inspection
1) Hot-stick Ammeter and universal hot-stick. HD Electric model 8280 (Halo) or equivalent.
2) Spare batteries for hot-stick ammeter.

2. Materials Required.
2.1  V&O Inspection
1) PDA with National Grid V&O software installed.
2) Inspection data from last V&O inspection.
3) Binoculars.
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3. Unusual Hazards

Capacitor units used in modern substation capacitor banks contain bleeder resistors to discharge
them when de-energized. Even with bleeder resistors capacitors may be remain charged up to 5
minutes. Failed units or even pieces of internal plate material from blown-up units may remain
charged for several days. Before working on, or near, capacitor units they should be discharged,
between terminals (2 bushing) or terminal to case ground (single bushing). Use a ground lead
and insulated hot-stick to discharge capacitors. When grounding units hold ground on for a slow
count of 5.

4. Visual and Operational Inspection.
4.1 Check for abnormal noise.

1)  Arcing and other unusual noises. If capacitor banks are making unusual noise leave the
area immediately and contact the dispatch center and your supervisor.

4.2 Check Individual capacitor units for:
1)  Record any blown fuses.
2) Bulged cases.
3) Leaking oil. Dripping or flowing oil requires immediate attention.
4) Deteriorating paint and/or rusting.
4.3 Check bushings for:
1)  Surface contamination, dirt, rust, salt, etc.
2) Evidence of tracking.
3) Chipped or cracked porcelain.
4) Discoloration of, or heat rising from, bushing connections (overheating).
4.4 Check rack for:
1)  Ground connections.
2) Check rack insulators, if equipped, for:
a) Surface contamination, dirt, rust, salt, etc.
b) Evidence of tracking.
c) Chipped or cracked porcelain.
3) Deteriorating paint and/or rusting.
4.5 Check Control Cabinet for:
Door gasket deterioration.

N

)
2) Evidence of moisture or water.
3) Deteriorating paint and/or rusting.
4) Missing insect screens
5) Unsealed conduits.
6) Cabinet light working, if equipped.
7) Heaters on below 40 degrees F.
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4.6 Check capacitor control, if equipped.
1)  Check control auto.
2) Record operations counter reading.
a) Check for excessive operations.
3) Check date, time-of-day and day-of-week, if equipped.
a) Reset if necessary.
4.7 Alarm indications, if equipped.
1)  Record and rest any alarm indications.
2) Verify all alarms in service (ON), Check with your supervisor before restoring alarms that
are off.
4.8 Read and record the capacitor currents on banks rated above 35 KV.
1)  Record phase and neutral currents from station ammeters, if equipped.
2) If the capacitor bank is off line read and record the capacitor and neutral currents in step
4.10 below.
4.9 Check fuseless (internally fused) capacitor unit currents on banks rated 35 KV and below.
1) If the capacitor bank is on line (energized).
a) Check each unit for current with the hot-stick ammeter. Measure current just above
the bushing connector.
2)  Currents should be very similar.
a) Refer to Appendix A at the end of this document for more information on evaluating
readings.
b) Refer to Appendix B at the end of this document for more information on calculating
expected readings.
4.10 Operate capacitor from automatic control if possible.

1) If the capacitor bank is remotely controlled from the dispatch center.

a) Visually check the position of the capacitor switch.

b) Request the dispatcher to operate the control.

c) Visually verify the operation of the capacitor switch.

d) Three phase ammeter readings can be used to verify operation if available.
2) If the capacitor bank is automatically controlled.

a) Obtain an order from the dispatch center to switch the capacitor bank.

b) Visually check the position of the capacitor switch.

c) Make the capacitor control manual and operate the capacitor switch manually from
the control.

d) Visually verify the operation of the capacitor switch.
e) Three phase ammeter readings can be used to verify operation if available.
f) Make the capacitor control auto.

3) If the capacitor is automatically controlled with dispatcher override perform both of the
above.

4)  Check counter for proper operation.
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5. Pre-Peak Inspection
5.1 Perform V&O Inspection Items
5.2 Read and record the capacitor currents on banks rated 35 KV and below.
1)  If the capacitor bank is on line (energized).
a) Read and record the capacitor current in each phase with the hot-stick ammeter.

b) If the bank is wye connected and has a single, grounded neutral (insulated structure)
read and record the neutral current with the hot-stick ammeter.

c) If capacitor bank is fuseless (internally fused) check each unit for current with the
hot-stick ammeter. Measure current just above the bushing connector.

2) If the capacitor bank is off line read and record the capacitor and neutral currents in step
4.10.

3) Currents should be very similar.

a) Use the hot-stick ammeter readings, not the station ammeters to compare phase's
currents.

b) Refer to Appendix A at the end of this document for more information on evaluating
readings.

c) Refer to Appendix B at the end of this document for more information on calculating
expected readings.

6. Thermographic Inspection
6.1 Inspect all high voltage connections.
6.2 Inspect all capacitor units.
6.3 Record connections or capacitor units significantly hotter or colder than adjacent units.
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7. Appendix A — Evaluating Current and Capacitance Readings

7.1

7.2

7.3

7.4

7.5

7.6

Phase currents readings.

1)  Comparison to previous absolute measurements can only be used to detect gross
errors such as open capacitor units, or an open phase in capacitor switch.

2) Differences of less than 4% are inconclusive between phases measured at the same
time.

3) Partially shorted units cannot be detected reliably without measuring and comparing
individual capacitor units.

Phase capacitance readings.
1)  Although slightly more accurate than phase current reads same comments apply.
Capacitor bank protective relaying.

1)  Modern capacitor bank relaying schemes can eliminate or reduce some of the errors
described below and in general are more accurate that the measurements described in
this procedure.

Capacitor failure modes.

1) Partially shorted. One or more of the series elements in a capacitor unit have shorted.
This will result in increased capacitance and increased current. Fuse may or may not
blow depending on the number of shorted elements.

2) Many layers shorted or completely shorted. Fuse will blow on fused units.
3) Fuse blown but not properly expelled. Capacitor unit is clear but fuse looks OK visually.
The following affect the phase current measured in a capacitor bank.

1) Partially shorted capacitors. Shorted layers within a capacitor will not cause an increase
in capacitance and higher current. The effect will be small and may masked by
measurement and other errors. In a typical 4 layer-per-unit, 7 unit-per-phase 13 KV bank
one shorted layer in a unit would increase phase current 5%.

2)  Open capacitors. Open capacitors will result in a significant decrease in capacitance and
current in that phase. In a typical 7 unit-per-phase 13 KV bank one open unit would
reduce current 14%.

3) Bus voltage. Bus voltage directly effects capacitor current. A 2% change in bus voltage
will cause a 2% change in current. Even a well regulated station bus voltage differences
may be several percent.

4)  Ammeter accuracy. The Halo hot-stick ammeter has an accuracy specification of 3% +/-
1 digit. Repeatability is not specified but probably is in the order of 1-2% +/- 1 digit. Other
hot-stick ammeters have similar accuracies.

5) Capacitor manufacturing tolerances. The ANSI specification for power capacitors is
minus 0% to plus15%. Most manufacturer’s target for plus 4% +/- 2%. New banks
typically are +/- 2% between phases, Banks that have had capacitor units replaced can
be expected to have larger differences between phases.

Phase capacitance measured in a capacitor bank. Since current is directly proportional to
capacitance all of the errors, with the exception of bus voltage unbalance, apply to phase
capacitance measurements.

1) Capacitance meter accuracy. Capacitance meters are slightly more accurate than the
hot-stick ammeters , with typical accuracy specifications of 1 to 2% +/- 1 digit.
Repeatability is not specified but probably is in the order of 1% +/- 1 digit.
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8. Appendix B — Calculating Phase Currents

8.1 Determine the total KVAR or MVAR of all three phases the bank.

1)

2)

KVAR (thousands of volt-amperes reactive) is usually listed on the One-Line print. This
may also be listed in MVAR (millions of volt-amperes reactive).

Total KVAR can also be determined by multiplying the KVAR of each capacitor unit by
the total number of capacitor units on the rack. This only works on racks where all
capacitors are in parallel. It will not work with banks that have series parallel
configurations. Example 27 units X 200 KVAR each = 5400 KVAR total.

If the bank is listed in MVAR. Multiply the MVAR rating by 1000 to get KVAR. Example
5.4 MVAR X 1000 = 5400 KVAR.

Divide the KVAR rating by the phase-to-phase voltage. Example 5400 KVAR / 13.8 KV =
391.

Divide this by 1.73. Example 391/ 1.73 = 226.

The expected phase current is 226 amperes.

If the bus voltage is higher or lower than nominal this will affect the phase expected

phase current. Example bus voltage 3% high (14.2KV). Expected current will be 233
amperes.

If the capacitors have a higher voltage rating then required this will also affect the
expected current. Example a 5400 KVAR capacitor bank rated for a 14.4 KV phase-to-
phase application is used in a 13.8 KV station. Expected current will be 217 amps.

9. Appendix C — Calculating Capacitances from KVAR Rating.

Record the KVAR and voltage rating from one capacitor unit’s data plate. Example 200
KVAR, 7960 volts.

Divide the voltage rating by 10. 7960/ 10 = 796

Multiply the result by itself. 796 X 796 = 633,616

Divide the result by the KVAR rating. 633,616 / 200 = 3168
Divide the result by 377. 3168 / 377 = 8.4

Capacitance of each unit is 8.4 microfarads.

Multiply by the number of units in each phase to get phase capacitance. Example 9 units
per phase (27 units in bank). 9 X 8.4 = 75.6 microfarads.

The numbers calculated above represent the minimum acceptable values. To get a more
realistic expected value multiply them by 1.04. Example 8.4 X 1.04 = 8.7 microfarads,
75.6 X 1.04 = 79 microfarads.

The following table shows minimum and maximum acceptable values for common sizes
of capacitor units. Voltages are nameplate i.e. 7960 for a wye connected bank in a 13.8
KV station.
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10. Appendix D — Test Values for Power Capacitors
Nameplate 100 KVAR 150 KVAR 200 KVAR 300 KVAR
Voltage Min Max Min Max Min Max Min Max
2400 46.1 53.0 69.1 79.4
4160 15.3 17.6 23.0 26.4 30.7 35.3
4800 11.5 13.2 23.0 26.5
6640 6.0 6.9 9.0 104 12.0 13.8 18.1 20.8
7200 5.1 59 7.7 8.8 10.2 11.8 154 17.7
7620 4.6 5.3 6.9 7.9 9.1 10.5 13.7 15.8
7960 4.2 4.8 6.3 7.2 8.4 9.6 12.6 14.4
13200 1.5 1.7 2.3 2.6 3.0 3.5 4.5 5.2
13800 14 1.6 2.1 24 2.8 3.2 4.2 4.8
14400 1.3 1.5 1.9 2.2 2.6 29 3.8 4.4
19920 0.67 0.77 1.00 1.15 1.34 1.54 2.01 2.31
11. Record of Revisions
Revision Changes
05/23/2007 Document
Added - Documentum Version # to headers
Added - File name to footer
09/18/2008 Introduction
Removed — Internal Inspection from list of inspections.
Coordination
Added —"If Applicable" to Relay Department
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INTRODUCTION

This procedure describes the methods used to isolate, test de-energized and ground electrical
apparatus for inspection, maintenance and repair.

PURPOSE

Grounding of electrical apparatus provides protection from accidental energization of apparatus and
lines, and from static and induced voltages. Grounds also provide visual confirmation that apparatus
and lines are de-energized.

ACCOUNTABILITY

Substation and other Supervisors supervising inspection and maintenance activities.

Substation and other Workers performing inspection and maintenance activities.

COORDINATION

Not Applicable.
REFERENCES

National Grid Safety Handbook

EOP G014 Clearance and Control Procedure

SMP 408.01.4 — Working On Substation Capacitor Banks

SMS 499.09.1 — PPE for Switching Indoor Substations Standard
SMP 499.10.1 — Substation Work Area Identification

SMP 499.10.2 — Substation Work Area Identification Procedure

Manufacturer’s Installation, Operating, and Maintenance manuals for the specific equipment to be
inspected.

Manufacturer’s operating manuals for the specific test equipment to be used.

DEFINITIONS

Apparatus - Devices or equipment, other than cables, lines and their
associated hardware, used to transmit or distribute electrical
energy.

Authorized Person - A person designated by a Departmental Manager, or their

designee, who has successfully been tested and has
demonstrated proficiency and understanding of Clearance and
Control (EOP G014). A person who is undergoing on-the-job
training and who, in the course of such training, has demonstrated
an ability to perform duties safely at his or her level of training and
who is under the direct supervision of an Authorized Person is

PRINTED COPIES ARE NOT DOCUMENT CONTROLLED.
FOR THE LATEST AUTHORIZED VERSION PLEASE REFER TO THE APPROPRIATE DEPARTMENT WEBSITE OR DOCUMENTUM.
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considered to be an authorized person in the performance of
those duties
Daisy Chaining Term used for attaching personal protective grounds from system

Disconnecting Switch -
Circuit Breaker -

Clearance (for work) -
Clearance Person -
Conventional Ground -

De-energized -

Equi-potential Zone -

GDIT-

Ground, Mechanical -

Ground, Personal
Grounding Device -
Grounding Switch -

Grounding Truck -

ground to a tested de-energized phase conductor and then
applying a jumper form the grounded phase conductor to the next
two phase conductors in succession. Daisy Chain Grounding with
personal protective grounds by substation workers in substations
is not allowed.

Automatically or manually operated disconnecting device where
the break in the primary path can be visually seen

Automatically operated disconnecting device where the break in
the primary path cannot be visually seen.

Permission for an Authorized Person to perform specified work.
The person holding the Clearance.

Wire conductor ground with phase and ground clamps, with or
without permanently attached Live Line Tool. Commonly referred
to as bag, heavy duty, stick or stickless grounds.

The absence of normal operating voltages associated with the
operation of the system or control circuits.

Physical area where all uninsulated conductors are at the same
potential. This potential may not be earth ground or system
neutral, particularly under fault conditions.

Ground Device Identification Ticket. Tag placed on grounds or
grounding devices to insure grounds are removed before re-
energization.

Grounds permanently installed in substations that are not used for
personal protection except in Gas Insulated Substations (GIS) or
network applications.

Portable grounds directed by the Clearance Person and applied
for the protection of workers.

Device used to establish an equi-potential zone or ground
conductors.

Permanently installed switch used to apply a ground, usually to a
transmission line, after the conductor has been de-energized.

Device installed in a circuit breaker cubicle to apply a protective
ground after the bus or line has been de-energized and the circuit
breaker has been removed. Also referred to as the Ground & Test
(G&T) Cart.
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High Speed Grounding Switch -

Insulation -

Protective Ground -
Grounds At Remote Locations -

Higher Authority -

Qualified Person -

Source of Inadvertent Energization -

System Operator -

Three Phase Ground -

Weather Cover -

TRAINING

Automatically closing switch used to, deliberately apply a fault,
usually to a transmission line, and force remote tripping, to protect
apparatus.

Covering applied to energized conductors or live parts that are
designed to withstand at least the full voltage that is applied in
normal operation.

Device used to establish an equi-potential zone or ground
conductors for the protection of workers.

Grounds installed at locations other than the work site.

An Authorized Person at the same or higher level of Management
above the Clearance Person who is holding the Clearance and is
knowledgeable in the work to be performed.

A person knowledgeable in the construction and operation of
electric power generation, transmission, substation, and/or
distribution apparatus involved along with the associated hazards
in specific duties pertaining to electric operations.

Source of primary voltage that could energize the work area if a
disconnecting device were to be closed

Person authorized by the company to write and issue Switching
Orders.

Ground with three phase ends connected to a common ground
end.

Covering applied to energized conductors or live parts that are
designed to protect the conductor or live part from the effects of
weather. It may have some insulating value but is not designed to
withstand the full voltage that is applied in normal operation.

Workers who have not been trained in or performed grounding operations on high voltage apparatus in

the preceding year shall not perform

the below tasks unless on site training is done.

Initial training for this activity is normally accomplished through:
Attending Training Course NS9081 — SMP 499.01.2 Protective Grounding Maintenance Procedure

Performing Approved On-The-Job Training
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HAZARDS

1.1 Great care and attention are required during testing and grounding operations to avoid
inadvertently attempting to ground a live conductor.

1.2 The immediate area should be carefully examined for energized conductors and evaluated
to ensure grounding can be accomplished safely.

1.3 Testing and grounding procedures should be strictly followed.

SPECIAL SAFETY EQUIPMENT REQUIRED

21

2.2

Class 2 Rubber Gloves and fire retardant clothing are required for all testing and
grounding operations.

In addition, Arc Flash Ensembles are required in indoor substations for specific work
activities that include testing and grounding. Refer to SMP 499.30.2 - Substation Personal
Protective Equipment.

EXCEPTIONS TO THIS PROCEDURE

3.1

3.2

Lines and apparatus may be worked ungrounded and treated as dead only if National Grid
Management can demonstrate:

3.1.1 That the installation of grounds is impracticable.

3.1.2 Conditions resulting from the installation of grounds would present greater
hazards than working without grounds.

3.1.3  And the following conditions are met:

a. The apparatus or lines have been isolated and tested de-energized under
the provisions of this document and other referenced procedures.

b.  There is no possibility of contact with any other energized source.
c. The hazard of induced voltage is not present.

Exceptions from, or deviations to, normal grounding procedures require agreement and
approval, by concurrence, of the:

3.2.1 Manager of Substation Maintenance & Construction,
3.2.2 Manager Substation Work Methods,
3.23 Or their designees.

APPROVED GROUNDING DEVICES

4.1

Conventional grounds

4.1.1 Refer to the National Grid Approved Tools and Equipment Catalog for approved
grounds.
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4.2

4.3

4.4

Grounding Trucks
4.21 Grounding trucks supplied and/or approved by the apparatus manufacturer.

a. Exceptions must be approved by Manager Substation Maintenance &
Construction involved and the Manager Substation Work Methods.

Permanently installed grounding switches.

4.3.1 Permanently installed grounding switches that are part of Gas Insulated
Substation (GIS) installations may be used for personal protective grounding

4.3.2 Permanently installed air gap type grounding switches, designed for transmission
line grounding, may not be used for personal protective grounding.

a. Exception - Permanently installed grounding switches may be used for
personal protective grounding in HVDC stations.

Live Line Tools used for attaching grounds.

4.4.1 Refer to the National Grid Approved Tools and Equipment Catalog for approved
Live Line Tools.

GROUNDING DEVICES THAT HAVE BEEN FAULTED

5.1

52

5.3

Portable wire conductor type grounds that have been faulted shall be cut up and
discarded.

Grounding Trucks or Ground and Test (G&T) Carts that have been faulted shall be
completely disassembled, inspected, and repaired. They shall be inspected by a
substation supervisor before reassembly and use.

Permanently installed grounding switches

5.3.1 Refer to Substation Maintenance Bulleting 409.09.N.001 Substation Ground
Disconnects > 69kV for guidance for grounding switches used in substation for
overhead circuit applications that have been subjected to fault conditions.

5.3.2 Grounding switches for Underground Cable Systems and Gas Insulated
Substations (GIS) that have been faulted shall be visually inspected and tested
for contact resistance.

a. Testresults shall be approved by a substation supervisor before the
grounding disconnects are returned to service.

APPROVED TESTING DEVICES (TESTING DE-ENERGIZED)

6.1

Only devices listed in the National Grid Approved Tools and Equipment Catalog shall be
used to test de-energized before grounding.

WIRE SIZE OF GROUNDS

7.1

Minimum conductor size of conventional grounds is 4/0 copper in New England.
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7.2
7.3

Minimum conductor size of conventional grounds is 2/0 copper in New York.

Refer to Appendix A and Appendix B of this document for locations where, multiple
grounds per phase, or wire sizes larger than the minimum size are required.

8.0 REQUIRED INSPECTIONS

8.1

Grounds and grounding devices shall be visually inspected before each use for:
8.1.1 Fraying of wire at terminations.

8.1.2 Damaged or deteriorated connections.

8.1.3 Damaged of deteriorated heat shrink, if used.

8.1.4  Tightness of bolted connections, if used.

8.1.5  Any other physical damage

Live Line Tools used for testing or grounding shall be visually inspected before each use
for:

8.2.1 Physical damage. Live Line Tools with any sign of damage should be sent to the
manufacturer, Worcester Lab or New York Lab for evaluation and possible repair.

8.2.2 Unauthorized modifications. (Cut short etc.).
8.2.3 Cleanliness. Clean with approved Live Line Tool wipes if necessary.
8.2.4  Within required electrical test (HiPot) date period (Inspection Date Sticker).

9.0 JOINT USE OF GROUNDS

9.1

9.2

9.3

9.4

9.5

9.6
9.7

Joint use of grounds shall be permitted only with the knowledge and consent of each
Clearance Person for whom the apparatus is tagged.

Jointly used grounds must be within the Tagged Areas of all Clearance Persons using
them.

Each Clearance Person shall attach a Ground Device Identification Ticket (GDIT) to the
jointly used grounds.

Each Clearance Person shall include the jointly used grounds on their list of ground
locations and GDIT numbers documented on the Field Clearance and Control Form.

The first Clearance Person to clear off shall remove their Ground Device Identification
Ticket (GDIT) and leave the ground attached.

The last Clearance Person to clear off is responsible for the removal of the ground.

Grounds shall never be removed if they are tagged with another person’s Ground Device
Identification Ticket (GDIT).
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10.0 LOCATIONS OF GROUNDS

10.1 General.
10.1.1

10.1.2
10.1.3
10.1.4

10.1.5

10.1.6

The Clearance Person shall determine the required number and locations of
grounds.

All three phases shall be grounded.
Grounds shall be placed as close to the work area as reasonably possible.

Grounds shall be placed between the work area and all possible sources of
inadvertent energization, wherever possible.

a. If multiple sources of inadvertent energization feed the work area, for
example a substation bus, it is not necessary to ground each source.

The preferred work practice is to work between grounds.

a. This provides the best protection and further defines the limits of the work
area.

Work between a ground and a possible source of inadvertent energization (past
the ground and toward the potential source) shall only be done within 10
conductor feet of the phase end of the ground.

10.2 Grounding through protective shutters in cubicles or other enclosures.

10.2.1

Only grounding trucks or other devices approved and/or supplied by the
apparatus manufacturer shall be used to ground through protective shutters.

a. Exceptions must be approved by the Manager Substation Maintenance &
Construction and the Manager Substation Work Methods.

10.3 Capacitors and Capacitor Racks and Structures — Additional Requirements.

10.3.1

10.3.2

10.3.3

10.3.4

10.3.5

Review SMP 408.01.4 — Working On Substation Capacitor Banks before
grounding or working on substation capacitor banks.

Use additional substation grounds to ground any ungrounded structure that will
be within minimum approach distance during the work.

a. This includes ungrounded structure that could be fallen into.

b.  Sections may be grounded in series by grounding each section to the
section below until a connection to the ground grid is reached.

Use additional substation grounds to ground any ungrounded bus sections that
will be within minimum approach distance during the work.

a. This includes bus sections that could be fallen into.

Use an additional substation ground to ground across any neutral sensing
devices in wye connected banks.

Use an additional substation ground to ground neutral in ungrounded wye
connected banks.
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11.0 GROUNDING THROUGH CIRCUIT BREAKERS AND DISCONNECTS

Grounding through disconnects or circuit breakers is the least preferred method and should only
be considered when all other options have been evaluated.

11.1

11.3

Grounding through a disconnect or circuit breaker shall be thoroughly discussed and
documented during the Job Brief.

11.1.1 Refer to local agreements for additional work procedures that may be required
for grounding through circuit breakers and disconnects.

Grounding through circuit breakers.

11.2.1 The breaker shall be verified closed by means of the mechanical indicator
(trip/close flag).

11.2.2 Tripping shall be disabled.

11.2.3 The circuit breaker shall be tagged with a locally applied hold tag.
Grounding through disconnects.

11.3.1  Disconnects shall be visually verified to be closed.

11.3.2 The disconnect shall be inspected for overheating, mechanical wear, and to
otherwise be in good condition.

11.3.3 The mechanism shall be de-coupled and locked closed on motor operated
disconnects.

a. Shunt tripping shall also be disabled on circuit switchers, if applicable.
11.3.4 Gang operated disconnects shall be locked closed.
11.3.5 Single blade disconnects shall be verified fully closed and properly latched.
11.3.6  The disconnect(s) shall be tagged with a locally applied hold tag

12.0 GROUNDS AT REMOTE LOCATIONS

12.1

12.2

12.3

12.4

12.5

The Clearance Person shall order the point of grounding tested and grounded by two
Authorized Persons. At least one of the persons must be on the Authorized Person List.

One of the persons performing the grounding shall notify the Clearance Person that the
grounds have been installed and give him the numbers of the Grounding Device
Identification Tickets (GDIT) used.

The Clearance Person shall identify the grounds by GDIT number and location and order
the grounds removed by Two Authorized Persons. At least one of the persons must be on
the Authorized Person List.

One of the persons removing the grounds shall notify the Clearance Person that the
grounds have been removed and give him the numbers of the associated Ground Device
Identification Tickets.

If necessary, the System Operator may be used to relay these communications.
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13.0 TESTING BEFORE GROUNDING

13.1

13.2

13.3
13.4

13.5

13.6

13.7

13.8
13.9

13.10

Wait 5 minutes after de-energizing a capacitor bank before testing de-energized and
grounding.

Two Authorized Persons are required to test and ground. At least one of the
persons must be on the Authorized Person List.

The Clearance Person may act as one of the two required persons
Testing shall be in the presence of, and the responsibility of the Clearance Person.
13.4.1  Exception Grounds At Remote Locations.

Only devices listed in the National Grid USA Approved Tools and Equipment Catalog shall
be used to test de-energized before grounding.

No more than 9 grounding points (a group) shall be tested de-energized at one time and
then only if they are with in 10 feet of each other, or are on bushings or taps of the same
apparatus.

The tester shall be tested both before and after testing each group of grounding points to
verify that it is working correctly.

13.7.1 Tests shall be made on the same voltage range as the normal energized voltage
of the points to be tested and this range shall be used to test de-energized.

13.7.2 The tester shall be tested by: (listed in order of preference).

a. Testing on known live source of the same voltage as the points to be tested
de-energized.

b.  Tested with a test source designed to test high voltage testers that is listed
in the Approved Tools and Equipment Catalog.

Tested with the self-test button or feature incorporated in the tester.

d. Testers that appear to be acting abnormally should not be used. They
should be sent to the manufacturer, Worcester Lab or New York Lab for
evaluation and possible repair.

The exact points where the grounds will be applied shall be tested de-energized.

If either of the two persons required to test de-energized and ground leave the immediate
area of testing and grounding, or the testing and grounding process is otherwise
interrupted:

13.9.1  Any ungrounded points shall be retested before additional grounds are applied.
Ground and Test (G&T) Cart or Grounding Trucks.

13.10.1 Ensure SMP 499.01.3 Ground and Test (G&T) Cart Checklist is reviewed and
completed for proper set up and inspection instructions prior to the installation of
G&T or Grounding Trucks.

13.10.2 Manually opening shutters is prohibited.
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13.10.3 Verify if substation is posted as having been identified as having incident energy
above 8 cal/cm2 and ensure proper level of PPE is worn before testing, installing,
or removing G&T Cart.

13.10.4 Class Il rubber gloves shall be worn used when installing (jacking in) or removing
(jacking out) grounding trucks.

13.10.5 Class Il rubber gloves and a Live Line Tool shall be used when attaching or
removing leads from installed grounding trucks.

13.10.6 Preferred method.
a. Remove ground leads from the truck.
b. Install bushings ((source/load), if equipped.

C. Install insulating caps on ground connection points on the truck that will not
be used, if equipped.

d. Install (jack in) the grounding truck into the cubicle.

e. Test de-energized on the points on the truck that will be grounded.

f. Attach the ground leads to system ground.

g. Attach the ground leads to the truck with an approved Live Line Tool.
13.10.7 If the connections from the ground leads to the ground truck are bolted.

a. Remove ground leads from the truck.

b. Install (jack in) the grounding truck into the cubicle.

c. Test de-energized on the points on the truck that will be grounded.

d. Withdraw the grounding truck sufficiently to de-energize the truck and close

shutters.

e. Maintain minimum approached distance and safely connect the ground
leads.

f. Attach the ground leads to system ground.
g. Attach the ground leads to the truck.
h. Install (jack in) the grounding truck into the cubicle.
13.11 Permanently installed grounding switches in Gas Insulated Substations (GIS).

13.11.1 Grounding switches shall only be operated and tagged under a System
Operator’s order.

13.11.2 Ifitis not possible to test de-energized do to the GIS construction:

a. The Clearance Persons and one other Authorized Person shall review the
One-Line diagram and visually verify that the correct isolating disconnects
are open before closing the grounding switch.
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14.0 GROUND DEVICE IDENTIFICATION TICKETS (GDIT)

14.1
14.2
14.3

Grounding Device Identification Tickets shall be used for all grounding devices.
A separate GDIT shall be used for each ground connection.

Grounding Device Identification Tickets may be attached for the System Operator or the
Clearance Person

15.0 LIST OF GROUNDS INSTALLED

15.1

The Clearance Person shall maintain a list of all grounds attached, including those at
remote locations on the Field Clearance and Control Form.

15.1.1  This list shall include the specific locations and Ground Device Identification
Ticket (GDIT) numbers.

16.0 ATTACHING AND REMOVING CONVENTIONAL GROUNDS

16.1

16.2

16.3

All of the ground clamp ends of a group of grounds shall be attached first.
16.1.1 Class Il rubber gloves shall be used.

16.1.2 The point of attachment shall be visually verified to be connected to the ground
grid.

16.1.3 The connection points in order of preference are:
a. Jug handle specifically installed for grounding.
b.  Structure directly connected to the ground grid.

c.  Structure connected to the ground grid through bolted structure
connections.

16.1.4 Connection to galvanized or painted structure.
a. Ensure the grounding location is properly grounded.
b. Remove paint, oxidation, or galvanization to ensure a good ground source.

c.  Set screws used for mechanically holding the ground end clamp to the
ground source connection shall be screwed in after the clamp end is
tightened, if equipped. Caution must be exercised not to over tighten the
set screws.

All of the phase ends of a group of grounds shall be attached second.

16.2.1 Live Line Tool and Class Il rubber gloves shall be used.

16.2.2 Phase ends shall be a suitable size, and design, for the bus, pad or wire.
All of the phase ends of a group of grounds shall be removed first.

16.3.1 Live Line Tool and Class Il rubber gloves shall be used.
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16.4  All of the ground clamp ends of a group of grounds shall be removed second.
16.4.1  Class Il rubber gloves shall be used.

16.5 Alive line tool of sufficient length shall be used to maintain the distances listed in the
Minimum Approach Distance Table.

16.5.1 For specific grounding applications in NE, if a grounding Live Line Tool of
sufficient length to maintain the distances listed in the Minimum Approach
Distance Table is not available, a shorter Live Line Tool may be used providing:

a. The distances listed in the Minimum Approach Distance Table are
maintained until the conductor has been tested de-energized.

b.  The insulated portion of the Live Line Tool is at least 4 feet 6 inches long.

C. The worker maintains at least 2 feet of clearance from the conductor to be
grounded.

17.0 INSTALLING AND REMOVING GROUNDING TRUCKS

17.1 Installing grounding trucks - See Section 13.10
17.2 Removing grounding trucks.
17.2.1 Withdraw the grounding truck from the cubicle.

17.2.2 Remove ground leads from system ground.

18.0 GROUNDING IN METAL-CLAD SWITCH GEAR

This section shows a limited number of examples of grounding procedures 