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1. SCOPE

1.1

1.2

1.3

1.4

Toronto Hydro Requirements

This publication covers the design, construction, substation layout and the electrical
equipment located in Customer-Owned High Voltage Substations. Any exceptions to this
publication shall be brought to the attention of Toronto Hydro in writing at the drawing
approval stage. The requirements are in addition to the latest edition of:

a)  The requirements for the "Supply Authority" as covered in the Ontario Electrical
Safety Code;
b)  The "Conditions of Service" published by Toronto Hydro;

c)  The “Toronto Hydro Requirements for the Design and Construction of Customer-
Owned Structures”;

d)  The “Toronto Hydro Distributed Energy Resources Requirements”;

e)  The “Toronto Hydro Metering Requirements for 13.8 kV & 27.6 kV Customer-Owned
Substations”;

f)  Associated Publications in Section 11.

Enclosed Switchgear

These requirements cover metal enclosed (indoor or outdoor) switchgear. Open type
switchgear may be acceptable if appropriate protective and gang-operated isolating device(s)
is installed between the Customer facility and Toronto Hydro system. Additional conditions
on metering may be required for open-type switchgear.

Ontario Electrical Safety Code and Ontario Building Code

Unless exceptions are granted by the governing Authorities, nothing contained in these
requirements shall prejudice or supersede any regulations or requirements of the Ontario
Electrical Safety Code (OESC) and Ontario Building Code.

SI Units

All dimensions and weights are stated in metric units. Equivalent measurements will be
accepted if equipment or materials are not manufactured in metric units.
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2. PURPOSE

These requirements are intended to provide guidance to Toronto Hydro Customers in designing
and constructing 13.8 kV or 27.6 kV Customer-Owned Substations for the purpose of:

(a) Assuring safe conditions for Customer and Toronto Hydro personnel in operating and
maintaining Customer-Owned Substations.

(b) Assuring a continuity of supply to all Customers by the use of adequate specifications
and proper design factors.

3. DEFINITIONS

acceptable Meets Toronto Hydro requirements.

Approval of drawings and Customer’s equipment is limited to
approval Toronto Hydro’s requirements and does not construe as
acceptance of liability arising from faulty design or workmanship.

compartment A subdivision of a Unit.

Refer to Conditions of Service — Main Document Glossary of

Customer Terms for definition.

A customer-owned civil structure accommodating customer-

Customer-Owned owned electrical equipment connected to Toronto Hydro 13.8 kV

Substation or 27.6 kV system.
. Means a generation facility which is not directly connected to the
Embed(lisz(iiite;leratlon IESO-controlled grid but instead is connected to a distribution

system.

A generator whose generation facility is not directly connected to
Embedded Generator | the IESO-controlled grid but instead is connected to a distribution
system.

Means a generation facility that has a transfer switch that isolates
it from a distribution system.

Emergency Backup
Generation Facility

A path of travel which leads from a floor area to a separate
building, an open public thoroughfare or an exterior open space
which is protected from fire exposure from the building and has
access to an open public thoroughfare.

exit

The geographical area comprising the former Toronto district, that
Former Toronto Area | excludes the former Scarborough, North York, York, East York
and Etobicoke districts.

high voltage In this document context, high voltage means 13.8 kV or 27.6 kV.

IESO Independent Electricity System Operator
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A continuous path of travel provided for the escape of persons
from any point in a building or contained open space (i.e.
Substation) to an open public thoroughfare. The means of egress
includes the exit and the access to the exit.

means of egress

MSG Manufacturer’s Standard Gauge for uncoated steel.

NETA InterNational Electrical Testing Association

A full height and full depth module of a switchgear assembly. It

Unit is sometimes referred to as “cell”, “cubicle”, “section” or
“enclosure”.

An isolated enclosure with fire-resistant walls, ceiling and floors,
vault for the purpose of housing transformers and/or other electrical
equipment.

4. EXTENT OF TORONTO HYDRO JURISDICTION

4.1 Point of Entry to Protective Devices

For the purpose of these requirements, Toronto Hydro jurisdiction normally covers the
equipment between the point of entry of the supply cables into the Customer’s property and
the load side of the first protective devices, i.e. fuses or circuit breakers.

4.2 Jurisdiction Coverage Extension

Toronto Hydro jurisdiction is extended beyond the above limits to cover:
(a) Toronto Hydro metering equipment when located on the load side of the first
protective devices.

(b) Protective devices located on the load side of the first protective devices in cases
where the first protective devices cannot function as required with the Toronto Hydro
feeder protection.

(¢) Interlocks intended to prevent paralleling the Toronto Hydro incoming lines when
located beyond the area described in Section 4.1.

(d) Interlocks which prevent the paralleling of an Emergency Backup Generator with the
Toronto Hydro supply.

() Any equipment which may affect the safety of Toronto Hydro personnel.

(f) For safety and security reasons, the Customer must obtain approval from Toronto
Hydro before operating the incoming load break switches or circuit breakers.
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5. METHOD OF SUPPLY

The conditions of supply for Customer-Owned Substations are outlined in Section 2 of the
Conditions of Service.

5.1 Number of Feeders

5.1.1 One-Feeder Supply

Typical one-feeder supply arrangements are shown in sketches 1 (B-1), 1 (C-1), and 1
(C-2).

5.1.2 Two-Feeder Supply

Typical two-feeder supply arrangements are shown in sketches 1 (D-1), 1 (E-1), 1 (E-2),
1 (F-1),1(F-2),1(G-1),1H-1),1(H-2),1{-1),and 1 (J-2), and 1 (J-3).

With two-feeder supply, the feeders are not permitted to operate in parallel. One feeder
(Normal) will normally carry the total Customer’s load and the other (Standby) will
remain open on potential. Automatic Transfer Switching may be installed only on 13.8
kV radial feeders to improve reliability [Refer to 5.3 and 9.19].

If a split-bus arrangement sketches 1 (H-1) and 1 (H-2) are employed, each of the two
feeders can carry its own load but the tie-switch (or tie-breaker) must be open to prevent
paralleling of the two feeders. In this arrangement, Customer must ensure that the
transformer secondaries on either side of the split-bus be electrically separated (not
paralleled). The Customer shall not install any equipment to permit electrical connection
between transformer secondaries across the split bus.

5.1.3 Dedicated Feeder Supply

A feeder is deemed “dedicated” when only one Customer connection can be connected to
the feeder due to high loading requirements and to satisfy Toronto Hydro’s thermal
requirements. Toronto Hydro shall determine, in its sole discretion, when dedicated
feeders are required for a Customer connection.

13.8 KV System

When two or more feeders are designed to operate in parallel, circuit breakers and line
differential (pilot wire) relay protection and remote trip receiving relay(s) shall be
required [Refer to sketch 1 (I-1)].
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The number of dedicated feeders shall be based on the following:
2 feeders: 8 MVA < Customer Peak Load < 10 MVA
3 feeders: 10 MVA < Customer Peak Load <20 MVA
4 feeders: 20 MVA < Customer Peak Load <30 MVA
5 feeders: 30 MVA < Customer Peak Load <40 MVA

The number of dedicated feeders is based on using 500 kemil, Copper, TRXLPE, Triplex
cable.

Line differential relay protection arrangement is provided at the sole discretion of Toronto
Hydro. Additional conditions and costs may apply.

27.6 KV System

When Customer demand load is greater than or equal to 18 MVA then dedicated feeders
are required. The number of dedicated feeders and the design connection shall be based
on Table 1 below:

Table 1 - Dedicated Feeder Installations

Number of
Customer Peak . Feeder . .
Dedicated . . Design Configuration
Load Cable Sizing
Feeders

1000 kemil, | - two feeders sharing the
2 Copper, load. Refer to sketch 1
TRXLPE (H-2)

18 MVA <Load <
28 MVA

Subject to Toronto Hydro approval, line differential relay protection arrangement may be
provided to Customer supplied by the 27.6 kV System. Additional conditions and costs

may apply.

5.2 Incoming Supply

For the 27.6 kV system, the Customer shall provide the necessary concrete encased ductbank,
splice vault, and pad foundation for the installation of Toronto Hydro switchgear on Customer
property. Toronto Hydro shall provide feeder cabling and switchgear at the Customer’s cost.
This switchgear installation is applicable to sketches 1 (H-2), (J-1), (J-2), and (J-3).

5.3 Automatic Load Transfer (Automatic Transfer Switch).

Subject to Toronto Hydro approval, an automatic load transfer may be employed only on
13.8 kV system and where the Customer requires a higher degree of service reliability than
that afforded by other methods of supply.
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54

5.5

5.6

Each feeder is connected to the Customer’s switchgear through a circuit breaker (or motorized
loadbreak switch) one of which is normally closed and carrying load, the other open and on
potential. Automatic transfer is initiated on a voltage sensing basis, the voltage sensing being
obtained from potential transformers located on the source side of incoming feeder breakers
(or motorized loadbreak switch) [Refer to 9.19 for details].

Feeder Termination

Each feeder shall be terminated in the Customer’s switchgear and shall be connected to the
Customer’s bus either through a circuit breaker equipped with a primary disconnecting device
or through a loadbreak switch [Refer to sketches 1 (B-1) through 1 (J-3)]. Terminating more
than one feeder in the same compartment is not acceptable [Refer to 9.3.1].

Duplicate Metering

Where a Customer has a two-feeder arrangement Normal and Standby, [Refer to sketch 1 (G-
1)] that requires dual metering, the Customer shall be responsible for the additional metering
cost.

Temporary Supply

(a) Toronto Hydro will provide a temporary supply of electricity for construction of the
Customer-Owned Substation on Customer’s property. Toronto Hydro will determine
the method of temporary supply which may be either a primary or secondary
connection, and the temporary transformation is installed within the road allowance or
on Customer property.

(b)  Temporary installation for the Customer-Owned Substation shall meet the ratings and
requirements as specified in this document.

(©) Construction sites with no space for temporary transformation facilities on Customer’s
property may be required to install temporary Customer-Owned facilities on a raised
platform within the city road allowance. This temporary installation is permitted with
the written approval from the City of Toronto. Customers are to refer to construction
standard 15-8510 (posted on Toronto Hydro website) for the details of conduit
installation to a raised platform.

d) Upon completion of the Customer’s facilities the temporary installation shall be
disconnected and removed.
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6. PROCEDURE FOR OBTAINING TORONTO HYDRO APPROVAL

Following acceptance of a Customer’s application for a 13.8 kV or 27.6 kV supply or a proposal
to modify an existing 13.8 kV or 27.6 kV substation, the procedure shall be as follows:

6.1

6.2

6.3

6.4

6.5

6.6

Drawings

The Customer shall submit to Toronto Hydro for approval the drawings and information listed
in Section 7.

Additional Drawings

If the drawings or information do not meet Toronto Hydro requirements or are not sufficiently
clear, then revised or additional drawings and information must be submitted on request.

Manufacture of Equipment — Drawing Approval

Manufacture of equipment should not start until all drawings and information have been
approved by Toronto Hydro. This will avoid costly changes to completed equipment. Final
revised drawings must be delivered to Toronto Hydro at least four weeks prior to the delivery
of the switchgear to the substation site.

Inspection of Equipment Prior to Shipment

Toronto Hydro reserves the right to inspect the completed equipment at the manufacturer’s
plant prior to shipment.

Compliance with Requirements

When the installation of the switchgear has been completed, the Customer shall utilize a
qualified testing agency and subject the switchgear to a Dielectric Strength Test. The voltage
applied shall be 75% of the factory test voltage in accordance with clause 8.5.1 of CSA
Standard C22.2 No. 31 “Switchgear Assemblies”. Toronto Hydro shall witness the testing of
the switchgear by the qualified testing agency during normal working hours. Notice of witness
testing date shall be submitted to Toronto Hydro at least 2 weeks in advance. A test report
certified by a Professional Engineer shall be submitted for approval before the energization of
switchgear.

Additional Dielectric Strength Tests

Should the switchgear fail to pass the Dielectric Strength Test, the Customer shall make the
necessary modifications and a further dielectric test shall be performed.
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6.7

6.8

6.9

Dual Locks

A u-bolt dual locking facility is required on the operating handle of the incoming switchgear
to allow locking in the open or closed position. Either Toronto Hydro or the Customer can
open the lock. The Customer must consult Toronto Hydro before any closing operations.

Automatic Transfer Relay Settings

Where circuit breakers or automatic transfer switches are used, Toronto Hydro personnel shall
witness the setup of the relays and the testing of the protection and control devices for correct
operation of these devices.

Pre-Service Inspection Report and Final Connection

A pre-service inspection report shall be submitted to Toronto Hydro for approval prior to final
connection of supply to Customer substation. Toronto Hydro reserves the right to carry out
additional inspections. A Connection Authorization from the Electrical Safety Authority is
also required prior to final supply connection.

The pre-service inspection report shall include the following items and shall have a conclusion
on whether or not the substation is satisfactory for energization.

6.9.1 As Constructed Drawings

The pre-service inspection contractor shall have a Professional Engineer certify that the
Customer’s installation was completed in accordance with the original drawings that were
approved by Toronto Hydro and return a set of these drawings to Toronto Hydro to keep
on file as “As Constructed” drawings. The drawings to be certified must be original,
photocopies are not acceptable. [Refer to Section 7 for drawings and information required
for approval].
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6.9.2 Transformer and Cable Tests Requirements

The following transformer and cable tests shall be certified by a Professional Engineer:

6.9.2.1 Transformer Test Requirements

- Turns Ratio (all taps)

- Insulation Resistance (Mega-Ohms for 60 seconds, indicate test voltage)

6.9.2.2 High Voltage Cable Test Requirements

Customer owned high voltage cables shall be tested by one of below listed methods:
Method 1

Test voltage applied as follows: Duration shall be 15 minutes with leakage reported in
microamperes at 1-minute intervals.

Method 2

System Voltage Test Voltage
13.8 kV AC 54 kV DC
27.6 kV AC 86 kV DC

Test voltage applied as follows:

60 Hz AC or VLF (0.1Hz) Sinusoidal Withstand monitored with Partial Discharge (PD).
Below table outlines test levels depending on the underground cable system rating and

type of test performed.

Test Levels RMS Phase-to-Ground
System Voltage Cable Rating
60 Hz 0.1 Hz VLF
13.8kV AC 15kV 34 kV 21 kV
27.6 kV AC 28 kV 40 kV 36 kV
Duration 1 min 60 min
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PD acceptance levels are defined as a factor of normal phase-to-ground operating voltage (Uo).
Test Report per the latest IEEE 400.2 shall include the cable and termination ratings and
correspondent withstand voltage as well as minimum PDEV (partial discharge extinction voltage)
for each component under test.

7. DRAWINGS AND INFORMATION REQUIRED FOR APPROVAL

Copy of each of the drawing and information listed in 7.1 to 7.8 inclusive shall be submitted to
Toronto Hydro, for approval. Additions and modifications to existing equipment shall be clearly
indicated.

All drawings shall be approved and stamped by a Professional Engineer (P.Eng) of Ontario before
submission to Toronto Hydro for review.

Drawings listed in 7.4 are not required to be approved and stamped by a P.Eng, if a switchgear
assembly is CSA approved. CSA approval shall be indicated on the drawings as well as on the
equipment nameplate, or by having CSA equipment approval sticker.

Drawings shall be fully dimensioned and scaled. Photo-reduced copies of the original and
unapproved drawings shall not be accepted.

All dimensions shall be in S.1I. units.

7.1 Substation Drawings

Drawings shall indicate:

(a) Site Plan: The location of the substation relative to buildings, structures, property lines,
the nearest public thoroughfare, and other equipment in the vicinity of the substation
including vehicular and personnel access route.

(b) Distribution Power Riser diagram with exact location of indoor substation.

(¢) The proposed route of Toronto Hydro incoming supply cables, including details of
primary duct bank.

(d) The location of any pipes or ducts in the vicinity of the substation, e.g. ventilating ducts,
water, gas, sewage pipes, sprinkler system, access openings, windows, vehicle access,

access direction, etc.

(e) Layout of the equipment in the electrical room clearly indicating aisle clearances and
exits.

(f)  Details of cable pits, ducts or vaults.

(g) Details of substation grounding arrangements and location of any ground grids used.
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(h) Details and location of meter cabinet. [Refer to Section 10 and the Conditions of
Service].

(1)  Details of, and the proposed locations for, all communication provisions specified in
Section 8.8 of this document.

7.2 Single Line Diagram

The following information shall be included in the drawing:

(a) Ratings, impedances and taps of the main transformers.

(b) Ratings and short circuit capabilities of circuit components.

(c) Details of all primary cables e.g. voltage, size, material, etc.

(d) Interlocking arrangements with an explanation of operational sequences.

(e) Proposed protective relaying scheme, where applicable, showing relay types and
instrument transformer ratios and accuracy.

7.3 Specifications of Flectrical Equipment

These shall include dimensions, ratings, manufacturer, type, and other technical information.
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7.4

7.5

7.6

7.7

Switchgear Assembly Drawings

Drawings shall provide the following information:

(a) Plan, elevation and sectional views (front and side) of the switchgear assembly including
working clearances.

(b)  Grounding details. [Refer to 9.18].

(¢) Provisions for Toronto Hydro metering equipment. [Refer to Section 10 and the
Conditions of Service].

(d) Provisions for access to components. [Refer to 9.4 and 9.5].
(e) Description of principal components.

(f)  Details of barriers [Refer to 9.8].

(g) Electrical clearances [Refer to 9.16].

(h) Interior paint finish [Refer to 9.2.5].

(i) Name plate.

(G) Interlock scheme and dual lock provision.

(k)  Provision for Faulted Circuit Indicators.

() Provision for termination of supplementary bonding or neutral conductor

Single Line and Schematic Wiring Diagrams

These shall include AC single line and DC schematic drawings and connection wiring
diagrams of the protection and control equipment used in conjunction with circuit breakers
and motor operated switches. [Refer to sketch 5 (A-1)].

Protection Co-ordination and Arc Flash Studies

All Customer devices associated with the 13.8 kV or 27.6 kV equipment shall coordinate with
Toronto Hydro upstream protection. Toronto Hydro shall provide upstream protection
information as required. Customer shall submit Protection Coordination and Arc flash studies
reports for review for compliance with Toronto Hydro requirements.

Compliance Letter for Above Grade Substation

Letter stating that the elevated structure is designed and constructed in compliance with all
applicable codes and regulations and is rated for intended structural loading.
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7.8 Exceptions to Requirements

Nothing contained in the submitted drawings and information shall be construed as permitting
any modification to the Requirements of this document unless such modification is approved
in writing in advance by Toronto Hydro. Any non-compliances to the Requirements shall be
clearly defined by the Customer in a separate letter or an appendix entitled: "Exceptions to
Requirements for the Design and Construction of Customer-Owned High-Voltage
Substations". Any proposed exceptions remain subject to approval of Toronto Hydro.

7.9 Final Documents

The Customer shall submit the final documents mentioned above to Toronto Hydro for
approval. Failure to provide Toronto Hydro with the final documents may delay the substation
connection to the Toronto Hydro supply system.

8. SUBSTATION REQUIREMENTS

8.1 General Requirements

The substation shall be constructed and equipped in accordance with the relevant standards,
governmental codes and regulations.

8.1.1 Substation Location

The substation shall be located on the ground level. Any alternative substation locations
shall require Toronto Hydro approval. Such approval will be subject to Toronto Hydro's
review of the proposed installation, including but not limited to the substation location
(e.g., not located at the lowest level of a structure), access to substation for Toronto Hydro
personnel in accordance with section 1.7.1 of Condition of Service Main document,
switchgear arc-resistant performance requirements, emergency egress considerations, and
any other operational, safety, or maintenance requirements deemed necessary by Toronto
Hydro.

It is the Customer’s responsibility to ensure all Customer-owned structures constructed
to house Customer-owned Equipment and/or Toronto Hydro’s Facilities and Equipment
must be impermeable to water, hazardous materials and gas. Toronto Hydro shall not be
responsible for any damage caused by the leakage of water, hazardous materials or gases
entering or exiting any Customer-Owned Structure.

Above ground level location including elevated structures may be accepted provided that:

(a) Overall installation complies with the latest OESC and Ontario Building Code.

(b) Substation transformers are dry type or contain non-propagating liquid with a
flash point not less than 275°C. Transformers for temporary installation may have
insulation liquid with a flash point less than 275°C, provided that they meet the
requirements of Section 9.28.2 of this document.
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(c) Installation is protected from vehicle impact either by design or by external
barriers.

8.2 Exits and Doors

&.2.1 Means of Egress and Exit Door Requirements

A minimum of two separate means of egress each with an exit door and located at opposite
side of the substation area are required. Each means of egress shall allow a separate
escape route to exit from any point in the substation area to an open public thoroughfare.
The exit doors shall open in the direction of exit travel and shall be equipped with panic
type hardware.

At least one door serving the substation and at least one door serving the pull room shall
be provided with a keyed cylinder lock and an exterior handle mounted opposite the panic
bar. The lock and handle arrangement shall be acceptable to Toronto Hydro.

Each exit door serving the substation and pull room shall be equipped with an EXIT sign
in accordance with the latest edition of the Ontario Building Code.

Entrance and exit doors must remain clear of obstructions at all times.

8.2.2 Legislation and Specific Requirements

The exits shall conform to the latest revision of the Ontario Building Code and “The
Ontario Occupational Health and Safety Act, and Regulation for Industrial
Establishments — Part II — Buildings” from which the following are extracted:

(a) OHSA Rules 122 states that:

(1) This section applies with respect to a hazardous room,
(a) With an area greater than fifteen square meters; or

(b) Requiring a distance of travel greater than 4.5 m from any point in the
room to an egress doorway.

(2) A hazardous room shall be located in a floor area that has at least two exits.

(3) A hazardous room shall have at least two egress doorways that are at least
three-quarters of the length of the diagonal distance of the room from each
other.

(4) One egress doorway must be located within a maximum distance of twenty-
three meters from any point in a hazardous room.

(b) If doors are used they shall open in the direction of exit travel and swing on their
vertical axes. (Direction of Door Swing — Ontario Building Code, latest edition).

(c) The door(s) must open readily from inside the room at all times it is occupied.
Locks shall not require a key to operate from inside.
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(d) Where more than one door is employed, all doors shall be equipped with panic
hardware.

(e) Doors equipped with panic hardware must open under 90 N releasing pressure
applied in the direction of exit travel. (Door Release Hardware — Ontario Building
Code, latest edition).

(f)  Panic hardware must be located between 0.76 m and 1.12 m above floor level on
room doors.

Note: Where double doors are used; only one of the pair requires panic hardware.

(g) Where the exit doors open into an area where the means of egress may be impeded
by vehicular traffic, protective removable bollards shall be installed by the
Customer.

(h) Cable Pull Room Doors — 1.5 hr fire rated doors or better shall be supplied and
installed by the Customer. For cable installations over 750 V, “High Voltage”
warning signs shall be installed on the door. The fire doors and frames, ventilating
shafts or louvered windows for ventilation are to be grounded.

8.3 Cable Pulling

Cable pulling loops or eyes shall be installed by the Customer opposite the incoming duct
faces in Customer’s electrical room, pull room or cable chamber. In addition, the following
shall be adhered to:

(2)

(b)

Where the service entrance must be in such a location that underground cables cannot
be pulled directly into the electrical room, the Customer shall provide an acceptable
cable pull room, or cable chamber to be used as an intermediate pull location. [Refer to
the Toronto Hydro Conditions of Service Requirements for the Design and Construction
of Customer-Owned Structures].

Clearance for pulling cable — In all circumstances, space must be available for a straight
cable pull between the duct face and the pulling loop or eye. Where there is less than
3.0 m clear space from the duct face to the pulling loop or eye, every effort should be
made to locate the room door in the wall opposite the duct face. If a door is not practical,
an opening close to the floor level and with a removable cover should be provided in the
wall containing the pulling loop or eye.

8.4 Cable Racks and Conduits

(2)

Where required, cable supports, racks, and mechanical protection shall be supplied and
installed at the Customer’s expense.

Cable trays shall not be used for Toronto Hydro cables between the duct face and entry
to the Customer owned switchgear. Conduit Installations on Customer’s premises for
Toronto Hydro incoming cables shall conform to OESC and Toronto Hydro’s standard
practices [Refer to the Toronto Hydro Conditions of Service Requirements for the
Design and Construction of Customer-Owned Structures].
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(b)

(c)

The maximum length of the cable from the duct face to the Customer owned switchgear
shall not exceed 7.5 m. The installation shall meet the requirement of Ontario Electrical
Safety Code.

To prevent access by unauthorized persons, all Toronto Hydro high voltage cables in
the Customer vault shall be guarded by barriers. Provided barriers such as enclosures
around cables or a removable duct banks hatches shall have provisions for Toronto
Hydro padlocks. The Customer is responsible for providing all material associated with
the cable routing and support between the duct and a power cable termination point.

8.5 Outdoor Substations — Fence and Gates

(a)

(b)

(©)

(d)

(e)

Guarding of Electrical Equipment

(1) Outdoor substations shall be surrounded by guarding fence and gates in
accordance with OESC rule 26-300 and Section 8.6 of this document.

(i1) Subject to Toronto Hydro approval, tamper resistant equipment may be
excluded from requirements of (i) when proof of tamper resistant rating is
provided (e.g. type test reports, compliance with 36 series of OESC
Bulletins). The tamper resistant rating shall be indicated on the equipment
nameplate.

Height of Fence

The fence, excluding barbed wire, shall not be less than 1.8 m high.

Barbed Wire

The fence shall be topped with not less than three strands of barbed wire. Barbed wire
is not required for the equipment already protected by elevation.

Gates

(1)  Gates shall preferably open outwardly but, if it is necessary that they open
inwardly, they shall not come into contact with the frame or enclosure of any
electrical equipment when fully opened; a clear passageway at least 0.9 m
wide and 2.2 m high shall be maintained to ensure safe egress.

(i)) Double gates with center stops shall be used where the width of opening
exceeds 1.5 m.

(iii) All gates shall have security provision for accepting both Customer and
Toronto Hydro padlocks; also, “High-Voltage Warning” signs shall be
affixed to them.

Grounding
Substation grounding shall meet the requirements of Ontario Electrical Safety Code,

36-300 to 36-312.
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8.6 Safe Working Space

Safe working space in vicinity of service entrance equipment including metering shall be in
accordance with the Ontario Electrical Safety Code Rule 2-308 and shall include the
following:

8.6.1 Working Space About Equipment

(a) A minimum working space of 1.0 m with secure footing shall be provided and
maintained about electrical equipment such as switchboards, panel boards, control
panels and motor control centres which are enclosed in metal, except that working
space is not required behind such equipment where there are no renewable parts
such as fuses or switches on the back and where all connections are accessible from
locations other than the back. [Also refer to 8.6.2 for Toronto Hydro clearances].

(b) The space referred to in 8.6.1(a) shall be in addition to the space required for the
operation of draw-out type equipment in either the connected, test, or fully
disconnected position and shall be sufficient for the opening of enclosure doors and
hinged panels to at least 90°.

(c) Working space with secure footing not less than that specified in Table 56 of
Ontario Electrical Safety Code — Minimum Working Space About Electrical
Equipment Having Exposed Live Parts, shall be provided and maintained about
electrical equipment such as switchboards, control panels and motor control centres
having exposed live parts.

(d) The minimum headroom of working space about switchboards or motor control
centres where bare live parts are exposed at any time shall be 2.2 m.

(e) Sprinkle piping shall not be installed above Customer equipment compartments that
have top entry termination of incoming Toronto Hydro cables.

&.6.2 Minimum Space Requirement

A minimum of 1.9 m shall be provided in front of all doors giving access to switchgear
components and where Toronto Hydro is required to work.

8.6.3 Side or Rear Access Panels

Where removable side or rear access panels are required, a minimum working space of
0.9 meter with 2.2 m clear headroom shall be maintained.

8.6.4 Aisle Space

A clear passageway at least 0.9 m wide and 2.2 m high shall be maintained as an exit
route from all service entrance equipment. This headroom must also be maintained in the
working space in the vicinity of the service entrance equipment.
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8.7

8.8

C

8.6.5 Blocking of Exit Route

Where the compartment hinged doors or drawout components would block the exit route
then a clear minimum space of 0.6 m must be maintained from the edge of the access door
or components in the fully open position.

8.6.6 Illumination of Equipment

Adequate illumination shall be provided to allow for proper operation and maintenance
of electrical equipment in accordance with Ontario Electrical Safety Code Rule 2-316.
The lighting shall be controlled by wall switches located at the entrances to these areas.

8.6.7 Accessibility for Maintenance

Passageways and working space around electrical equipment shall not be used for storage
and shall be kept clear of obstruction and so arranged as to give authorized persons ready
access to all parts requiring attention in accordance with Ontario Electrical Safety Code
Rule 2-312.

Access to Substation by Toronto Hydro

Immediate access to the substation must be provided on a 24-hour basis for Toronto Hydro
personnel. A door equipped with a Toronto Hydro lock, giving direct access to the substation
from the outside (e.g. street) shall be provided where practicable. Alternatively, the doors
along the route leading to the substation must be equipped with Toronto Hydro locks.

If Toronto Hydro locks are not practical, the Customer shall provide Toronto Hydro the
appropriate access keys or magnetic cards to enable entry from outside (e.g. street) to the
substation. Toronto Hydro shall supply and install a key box at a suitable location to safekeep
the key(s).

Communication Requirements

To ensure that radio communication with the Toronto Hydro Control Centre is adequate,
Toronto Hydro may, in its sole discretion, require the Customer to provide provisions for
indoor substations for communication equipment installation including the following:

a. 600 mm x 600 mm interior wall space inside of substation for mounting of Toronto
Hydro equipment. Allocated space shall be between 1000 mm and 1700 mm above the
floor level and be within 1500 mm of 120 VAC power supply (e.g. receptacle), and
within 1 m of access/entry door.

b. 300 mm x 300 mm wall space on outdoor wall of substation structure at least 3 m above
ground level for mounting of antenna.

c. Dedicated civil infrastructure (agreed upon by Toronto Hydro) for running a coaxial cable

between equipment installed as per above items a) and b) (e.g. conduit, duct, etc.). The
minimum size of conduit/duct shall be 2”, with minimum bending radius of 12”. Pullbox
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shall be installed after every two (2) 90 degree bends, with maximum distance of 100 feet
between pullboxes.

Toronto Hydro will supply and install the required equipment (e.g. antenna, cable), and
assume ownership and maintenance of installed communication equipment.

8.9 SF6 Switchgear

Where SF6 switchgear is installed inside the substation, a means of annunciation of low SF6
gas pressure shall be provided to the outside of the substation. This annunciation shall consist
of an external warning light installed above each access entrance. A sign stating “Low SF6
Gas Pressure” shall be mounted above the external warning light. A “Lamp Test” button shall
be installed on the external annunciation unit for means of testing the warning light before
entering the substation. [Refer to 9.23(e)].

8.10 Power Supply

A 120 V a.c. 15-ampere 2-pole 3-wire grounded receptacle shall be provided close to Toronto
Hydro’s incoming feeder compartment. If installed outdoors, the receptacle shall be
weatherproof and protected by a ground fault circuit interrupter of the Class A type.

&.11 Single Line Diagram

The Customer shall provide and post a mounted single line diagram (latest revision) of good
quality print on a wall in the electrical room for reference. The Customer shall also update the
single line diagram to include those switching equipment designations that may be assigned
from time to time by Toronto Hydro.
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9. EQUIPMENT REQUIREMENTS

9.1 System Parameters/Ratings

Customer equipment shall conform to ratings in Table 2 below. Any substation supplying 40%
or more of its total load to Electric Vehicles (EVs) charging infrastructure shall require
separate design consideration. Please contact Toronto Hydro for additional information.

Table 2 - System Parameters/Ratings

Requirement 13.8 kV 27.6 kV

Rated Continuous Current (min) 600 A 600 A

Rated Nominal Voltage 13.8kV 27.6 kV

Rated Load Interrupting Capability 600 A 600 A

Rated Maximum Voltage 15kV 293 kV

Rated Frequency 60 Hz 60 Hz

Power Frequency Withstand Voltage 36 kV 60 kV

Basic Impulse Level (BIL) 95 kV 125kV (Yo)**
150 kV (A) **

Rated System Fault Level (MVA sym) 500 MVA 800 MVA

3-phase Symmetrical Fault Current (rms) 21 kKA 17 kKA

Rated Momentary Current (rms asym) 34 kA 27 kKA

Fault Closing Current (10 Cycles, rms, asym) | 40 kA 27 kKA

Short Time Withstand Current (rms, sym)

25 kA (2 seconds*)

25 kA (1 second)

Single Line-to-Ground Fault Current (rms)

11 kA

12 kA

Corona Extinction Voltage to Ground 10.5 kV 19 kV
Circuit Breaker Operating duty CO-15 sec—CO CO-15 sec—CO
Circuit Breaker Opening Time 5 cycles 5 cycles

*1

second rating is acceptable for feeders not from the Former Toronto Area, subject to
Toronto Hydro’s approval

**Ys - Grounded Wye ; A - Delta
Any deviation from the above ratings shall be brought to Toronto Hydro’s attention.

9.2 Enclosures

9.2.1 Sheet Steel Enclosures

All enclosures including barriers between compartments containing high voltage
components shall be of sheet steel not less than #11 MSG and all other covers, barriers,
panels and doors shall not be less than #14 MSG.

9.2.2 Electro-magnetic Effects
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To avoid heat generation due to electromagnetic effects when a single conductor or bus
penetrates through a magnetic material, stainless steel barriers shall be used. Aluminum
barriers are not acceptable. [Also, refer to Section 9.7.2 (c) (i1) for requirements on strain
relief connectors].

9.2.3 Design of Enclosures

The switchgear enclosure shall be designed in accordance with the rules of the Canadian
Electrical Code, Part I and as defined in latest CAN/CSA Standards C22.2 No. 94.1 and
No. 94.2. Heaters shall be used in outdoor switchgear and shall be controlled by
humidistat.

9.2.4 Ventilation

Ventilating openings, if required, shall be designed to prevent the entrance into the
enclosure of any object, which could come into hazardous proximity to live parts.

9.2.5 Enclosure Interiors

Interiors of enclosures shall be finished in white enamel.
9.2.6 Mimic Bus

A mimic bus on front door of switchgear compartment with no rear access shall indicate
the internal electrical arrangement of equipment in each compartment. The mimic bus
shall be securely fastened to the panel. For switchgear with rear access, all components,
both front and rear, shall be marked and labeled similarly.

9.2.7 Name Plates

Switchgear data nameplates shall be engraved or stamped and mounted in accessible
location. Photographic imprinting process is not acceptable.

9.3 Compartmentation

9.3.1 Separate Compartments

The following switchgear components shall be installed within separate compartments
formed by sheet steel barriers:

(a) Each loadbreak switch.

(b) Each incoming cable termination.

(c¢) Each group-operated isolating switch.
(d) Each circuit breaker.

(e) Each three-phase set of power fuses.
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(f) Each set of metering current transformers.
(g) Each set of voltage transformers.
(h) Each set of metering voltage transformer fuses.

(1) Where a bus transition from the bottom of the switchgear to the top of the
switchgear is required, the transition shall be done in a separate compartment
[Refer to 9.3.4(b)].

() Where an interface connection is required between the main switchgear bus, and
a power transformer in an adjacent compartment, a full metal barrier complete
with fully rated through-bushings shall be provided to establish complete
segregation of the two compartments.

(k) For SF6 switchgears in the dual radial system, the two incoming feeders shall not
be connected to the same switchgear. A standalone SF6 loadbreak switch in a
completely separate enclosure is required abutting the SF6 switchgear with one
incoming feeder connected to the SF6 switchgear and the other connected to the
SF6 standalone switch.

9.3.2 Compartment and Openings

There shall be no openings whatsoever in compartment walls that shall permit the flow
of ionized gases or flame into adjacent compartments.

9.3.3 Intercompartmental Primary Connections

Where the primary connections pass from one compartment to another compartment, the
through-bushings installed in non-magnetic barriers shall be rated fully at the same
insulation level as the switchgear.

9.3.4 Exceptions

(a) If the incoming feeders enter the switchgear from the bottom, a single
compartment may contain both an incoming cable termination and either a
loadbreak switch or an isolating switch provided the switch and all buses are
located above the cable termination and the compartment has two access doors,
one in front of the switch and one in front of the cable termination. However, a
single door may be accepted if a hinged screen door is installed behind the access
door. [Refer to 9.5.1(a) and 9.8.2].

An additional warning sign “CAUTION, SWITCH BLADES COULD BE LIVE”
shall be posted either on the top access door accommodating the incoming line
switch in case of two access doors compartment or on the hinged metallic screen
door covering the incoming line switch in case of single access door compartment.
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(b)

(©)

(d)

(e)

®

When the transition bus is in the same compartment as the loadbreak switch and
separated from the incoming cable termination compartment, a separate
compartment is not necessary.

If a set of power fuses is immediately preceded by a loadbreak switch other than
an incoming line switch, then both may be contained in a single compartment
provided the switch and all preceding buses are located above the power fuses,
and the compartment has two access doors, one in front of the switch and one in
front of the fuses. However, a single door may be accepted if a hinged screen door
is installed behind the access door [Refer to 9.5.1(b) and 9.8.2].

Fixed fuse supports used in conjunction with the metering voltage transformers
may be mounted in the same compartment as the metering current transformers
provided the current transformers and all main buses are located above the fuse
supports. Two access doors, one in front of the fuse supports, may be used or
alternatively a single access door may be used for the compartment. A separate
access door is required for the metering voltage transformers.

Where voltage transformers, for other than revenue metering purposes, are
mounted on a drawout or swing-out type carriage their fuses may be mounted on
the carriage in the same compartment.

For 27.6 kV switchgear metering, the current transformers and voltage
transformers can be installed in the same compartment. Barriers and voltage
transformers fuses are not required.

9.4 Access Doors

9.4.1 Doors for Compartments

Individual hinged access doors are required to give access to the following compartments:

(a)
(b)
(©)
(d)
(e)
()
(2)

Each loadbreak or isolating switch.

Each circuit breaker.

Each set of power fuses.

Each set of metering current transformers.
Each set of voltage transformers.

Each set of voltage transformer fuses.

Each incoming feeder cable termination.

9.4.2 Hinged Access Doors
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All hinged outer access doors shall open at least 135° and all hinged inner doors or screens
shall open at least 90°. Inner doors or screens are not required for SF6 switchgear.

9.4.3 Padlock Hasps

Access doors shall be equipped with padlock hasps measuring at least 30 mm wide and 5
mm thick capable of accepting a standard Toronto Hydro padlock with an 8 mm shackle.

Padlock hasps are not required:
(a) On access doors equipped with interlocks that prevent access to live components.
(b) On access doors to withdrawable circuit breaker compartments.

9.4.4 Securing Access Doors

Access doors shall be adequately secured with either 25 mm knurled head captive bolts
that require no tools to unscrew, or handles with at least three latching points. For outdoor
installation, shrouded penta-head bolts are acceptable alternative.

9.4.5 Stops on Access Doors

Access doors on compartments shall have stops to hold the doors in the fully open
position.

Hinged or removable panels other than the access doors specified herein which provide
access to high voltage components shall be secured with tool operated screws.

9.5 Screen Doors

9.5.1 Single Access Doors

In the following cases a single access door may be used in lieu of two separate doors
provided that it covers the entire opening and a hinged metallic screen is installed behind
the single door as described below:

(a) To cover an incoming line switch installed in the same compartment as a cable
termination in accordance with 9.3.4(a).

(b) To cover a loadbreak switch installed in the same compartment with a set of power
fuses in accordance with 9.3.4(c).

9.5.2 Screen Approval

(a) Installations using metallic screens according to 9.5.1 will be subject to special
Toronto Hydro approval that requires the screens to be hinged, bolted and
padlocked and have a high voltage warning sign affixed to them. A screen must
fully cover the opening, which would normally be covered by the upper of the two
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(b)

(©)
(d)

separate doors, and there shall be no openings larger than 13 mm in or around the
screen. [Refer also 9.8.2]. Metallic screen is not required for SF6 switchgear.

Refer to 9.3.4(a) for additional warning sign in case of bottom entry incoming
feeder cables.

All screens shall be painted flat black.

Screens must allow all components to be clearly seen.

9.6 Viewing Windows

Viewing windows shall be provided to permit the observation of all switchblades, voltage
indicators and incoming cable terminations with the access door closed. Viewing window
shall not be of the wire-reinforced type and shall be Section B3.6 of IEEE Std C37.20.2 —

2025.

9.7 Toronto Hydro Incoming Feeder Terminations

9.7.1 Types

of Cables and Terminations

(2)

(b)

(©)

(d)

9.7.2 Scope

Toronto Hydro will normally supply and install cable from the supply point (on
the street) to the termination point on the Customer’s switchgear. For existing
services, the cables could be either PILC or polymeric. For new services, the
cables are to be polymeric only.

Where paper insulated lead covered cable (PILC) is used, the Customer’s
switchgear shall have provision for Class 1 terminations (potheads) as defined in
the latest edition of IEEE Standard 48. [Refer to sketch 2 for clearance
requirements].

Where single conductor polymeric-insulated cable is utilized, the Customer shall
provide space and clearance as shown on sketch 2 so that Class 1 terminations
such as heat shrink or cold shrink termination kits can be installed. ANSI 386
elbow terminations are acceptable for SF6 switchgear application.

In addition to incoming feeders terminations, Customer shall provide a provision
for termination of Toronto Hydro supplementary bonding conductor for Delta
system or neutral conductor for Ground Wye system.

of Materials Supply

(2)

Materials Supplied by Toronto Hydro for PILC and Polymeric Cables

Toronto Hydro will normally supply the following materials:

(1) Class 1 terminations (potheads — Toronto Hydro standard design) for PILC
cables.
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(i1))  Class 1 terminations (heat shrink or cold shrink kits) for polymeric cables.
(ii1))  Standard 2-hole NEMA lugs for terminating polymeric cables.

(iv)  Strain relief connectors of non-magnetic material for single conductor
cables.

(v) For SF6 switchgears, ANSI 386 elbow terminations for polymeric cables
on the incoming feeders only. Customer will provide terminations for their
own connections.

(b) Materials Supplied by the Customer for PILC Cables

(1) Aerial lugs (G&W Electric Co. Style 8). Use of non-standard aerial lugs
to suit particular switchgear design must be approved by Toronto Hydro.

(i1) Non-standard Class 1 terminations, such as angled potheads, to suit
particular application.

(ii1))  The mounting plates and gaskets for top entry terminations. [Refer to
sketch 3].

(iv)  Flexible tinned copper braids, drilled to suit aerial lug and switchgear
terminal pad, as well as associated bolting accessories.

The braids shall have sufficient slack between the bolted ends to absorb
longitudinal and lateral motion.

(v) For standard pothead installation, the Customer shall provide three aerial
lugs and three copper braids as spare and shall store in a readily accessible
location within the Customer’s electrical room. For non-standard (angled)
pothead installation, the Customer shall provide one pothead in addition to
the items above.

(c) Materials Supplied by the Customer for Polymeric Cables

(1) Bus terminal lugs and bolting accessories, if other than standard 2-hole
NEMA lugs, suitable to terminate Toronto Hydro cables on switchgear
terminal pad (Toronto Hydro shall provide size of conductors).

(i1))  Gland plate of non-magnetic material for single conductor cables.

9.7.3 Bottom Entry Cables

(a) PILC cable installations shall have the wiping sleeve of the pothead mounted at
least 0.3 m above the base of the switchgear and 1.2 m above the floor of a cable
trench [Refer to sketch 2, figure 1]. Adequate clearance shall be furnished between
the aerial lug and the switchgear terminal pad for ease of connection of copper
braid.
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(b) Polymeric-insulated cable terminations require a minimum vertical distance of
1.0 m from where the cable enters the switchgear to the terminal lug [Refer to
sketch 2, figure 2].

(c) Where a cable trench is used, removable plate shall be installed at the base of each
incoming feeder compartment. These shall cover the entire bottom opening of the
compartment. Cable entry shall be through a gland plate of non-magnetic material
(stainless steel) for single conductor polymeric cables. The minimum depth of the
trench shall not be less than 0.9 m.

9.7.4 Top Entry Cables

(a) For PILC cables, the minimum clearance required above the switchgear is shown
on sketch 2, figure 3. Where there is insufficient headroom to accommodate
specified clearance, the Customer shall provide suitable Class 1 terminations
(angled potheads) and a minimum clearance of 915 mm between the top of the
switchgear and the ceiling.

(b) For single conductor polymeric cables, the terminations require a minimum
vertical distance of 0.6 m between the cable entrance to the equipment and the
terminal lug [Refer to sketch 2, figure 4]. A removable non-magnetic (stainless
steel) gland plate shall be provided at the top of the switchgear.

9.7.5 Line Side Cables or Bus

(a) Section of switchgear bus or cable situated between incoming feeder cable
termination points and the line side of the Customer’s first protective device shall
not pass any compartment or section of compartment that contain cables or bus
that are connected to the load side of the Customer’s first protective device.

9.8 Barriers

9.8.1 Requirement for Barriers

Phase to phase and phase to ground barriers [Refer to 9.8.3] shall be installed on the
following equipment:

(a) Each loadbreak switch.

(b) Each disconnect switch.

(c) Each set of fixed metering voltage transformer fuses.
(d) Each set of high voltage power fuses.

Such barriers shall extend from the base of the insulator supports to a point 50 mm beyond
the fuse ferrules or the open blades of switches and 50 mm beyond the terminal pads.
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9.8.2 Horizontal Barriers

Where cable terminations and loadbreak switches (or isolating switches) or power fuses
and loadbreak switches (or isolating switches) are installed in the same compartment in
accordance with 9.3.4(a) and 9.3.4(c), barriers shall be installed so as to prevent anyone
working in the lower section of the compartment from reaching up and coming into
hazardous proximity with live conductors. (This permits work to be done in the cable
termination compartment or power fuses to be changed without de-energizing the whole
sub-station).

9.8.3 Type of Barriers

The barriers must be white, flame retardant insulating material meeting NEMA
requirements for grade GPO-3 and be a minimum 5 mm thick. Barriers are not applicable
for SF6 switchgear application.

9.9 Lightning Arresters

Lightning arresters are not required when substations are supplied from underground feeders.
If the Customer wishes to install lightning arresters, they shall be located on the loadside of
the first protective device. Selection of lightning arresters shall be based on the actual utility
system configuration (e.g. delta, wye configurations, etc.). If the supply to the substation is
from overhead system, Toronto Hydro shall install lightning arresters at the pole and the
Customer may install lightning arresters in the switchgear on the loadside of the first protective
devices. The mimic diagram shall indicate the presence of such devices in the switchgear.

9.10 Voltage Indicators

Voltage indicators shall be supplied and installed by the Customer in the incoming cable
termination compartment between the cable termination and the first isolating device. Voltage
indicators shall be approved by Toronto Hydro. The voltage indicators must be clearly visible
through the viewing window [Refer to 9.6].

Where the incoming cable terminates in a rear compartment and the isolating device is located
in the front compartment, two sets of voltage indicators shall be installed, one in each
compartment. A viewing window for each set of indicators shall be provided.

9.11 Circuit Breaker

Circuit breakers shall comply with the latest edition of ANSI C37 series of Standards and with
the ratings shown in Table 2 in Section 9.1. Self powered circuit breakers may be acceptable
for applications that do not require remote tripping.

For aggregate transformer capacity of 5 MVA or greater for 27.6 kV and 3 MVA or greater
for 13.8 kV at the point of demarcation, circuit breakers shall be used exclusively at the
Customer’s first protective device [Refer to sketches 1 (B-1), 1 (C-2), 1 (D-1), 1 (E-2), and 1

(F-2)]
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A legible warning sign stating “Contact Toronto Hydro for permission to operate” shall be
posted next to the operating button/handle of the incoming/tie circuit breakers.

9.12 Control Power Supply

The recommended range of voltage for control apparatus is shown in Table 3 below:

Table 3 - Recommended Control Voltage

Voltage
Type of Control Option 1 Option 2
Nominal 125 V dc 48 V dc
Closing Range 90-140 V dc As per manufacturer’s
Tripping Range 70-140 V dc recommendations

(a) Control power supplies for protective equipment such as circuit breakers and relays
must attain a high degree of reliability. Where batteries are used to supply protective
equipment, a suitable battery monitor must be provided to give an alarm should the
battery voltage or state of change fall below a safe level. Such monitoring device shall
be connected to the load side of the battery circuit breaker or isolating switch.

(b) A test button shall be provided to test all indicating lamps.

9.13 Fuses

Fuses are permitted for aggregate transformer capacity less than 5 MVA and 3 MVA for
27.6 kV and 13.8 kV systems respectively, at the Customer’s first protective device. For
transformer capacity of 5 MVA or greater and 3 MVA or greater for the 27.6 kV and 13.8 kV
systems respectively, circuit breakers shall be used in lieu of fuses at the Customer’s first
protective device [Refer to 9.11].

9.13.1 Power Fuse Minimum Rating

Power fuses shall comply with the ratings specified in Table 2 in Section 9.1.

9.13.2 Power Fuse Gas Expelling Type

When the power fuses are of a type which expel gases during the interruption of short
circuit currents, the construction of the enclosure shall follow the fuse

(a) Clearances between exhaust parts and other metallic parts.
(b) Mechanical design to withstand internal pressures and shock waves.
9.13.3 Dual Fuse
For SF6 switchgear, Bay-O-Net type fuse with back up current limiting fuse under oil are

acceptable for transformer protection.
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9.14 Loadbreak Switches

9.14.1 Minimum Ratings

Loadbreak Switches shall comply with the latest CSA Standard C22.2 No. 193 or IEEE
C37.74 and shall conform to ratings specified in Table 2 in Section 9.1.

9.14.2 Type of Switch

Each switch shall be 3 pole, group operated by a handle mounted external to the
compartment which contains the switch. For SF6 switchgear, each incoming loadbreak
switch will have a ground position (to ground incoming feeders) with interlock and/or
mechanical stop (to prevent inadvertent grounding) and provision for padlocking. This
handle shall be so arranged that the operator may open or close the switch from a position
not immediately in front of the switch contacts. The handle shall be equipped with a dual
locking device for locking the switch in either open or closed position, suitable for use
with a standard Toronto Hydro padlock with 8 mm shackle [Refer to 6.7 for dual lock
requirements]. Both open and closed positions of the handle shall be clearly labeled. The
top of the handle in the closed position shall be no higher than 1.8 m above the floor level.

9.14.3 Operating Mechanism

The operating mechanism of all loadbreak switches shall be designed so that a mechanical
failure of a component, linkage, chain, etc., shall not result in an electrical fault and meet
the following requirements:

(a) Switches shall be constructed or mounted such that gravity shall not tend to close
them.

(b) The maximum force on the handle to operate the switch is 16 kg.
(¢) Where chains are used, a securely bolted full chain guard shall be provided.

9.14.4 Switch Contacts

The switch contacts shall be silver-plated or tin-plated. The clearance between the fixed
and moving switch contacts in the open position shall conform to the requirements of the
latest ANSI C37.32. The open/closed switch contacts shall be visible through the viewing
window.

9.14.5 Operating Warning Sign

A legible warning sign stating “Contact Toronto Hydro for permission to operate” shall
be posted next to the operating button/handle of the incoming/tie load break switches.
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9.15 Isolating Switches
9.15.1 Location of Switches

An isolating switch shall be installed on the line side of an incoming feeder circuit breaker
or motorized loadbreak switch to permit incoming feeder isolation and/or grounding.

9.15.2 Switch Requirement

Isolating switches shall be 3 pole, group operated and shall conform to the requirements
stipulated in Section 9.14 except that isolating switches need not have a closing or
interrupting rating.

9.15.3 Isolation for Vacuum or SF6 Type Circuit Breakers/Switches

Loadbreak switches shall be used for isolation purpose when vacuum or SF6 type circuit
breakers/switches are used.

9.16 Electrical Clearances
9.16.1 Conductors

The phase to phase and phase to ground clearances of conductors and other current
carrying parts shall be in accordance with the requirements of the latest CSA Standard
C22.2 No. 31.

9.16.2 Connection Clearances

Where 13.8 kV or 27.6 kV connections are made to any components supplied or installed
by Toronto Hydro (e.g. current and voltage transformers, fuses, cable terminations), such
connections shall be assumed to be bare and full CSA through air clearances shall be
maintained.

9.17 Interlocks
Refer to sketches 1 (A-1) through 1 (J-3).

9.17.1 Incoming Circuit Breakers or Loadbreak Switches

Unless a split-bus arrangement is used [Refer to sketch 1 (H-1), (H-2)] the two loadbreak
switches or circuit breakers on the incoming lines shall be interlocked to ensure that not
more than one switch or circuit breaker is in the closed position at any time. Provision
shall be made, however, so that Toronto Hydro personnel, by the use of an additional key,
may close both switches or circuit breakers simultaneously and thus permit the load to be
transferred from one incoming feeder to the other without interruption to the service
[Refer to sketches 1 (D-1) to 1 (G-1)].
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9.17.2 Incoming Isolating Switch

Isolating switch located on the line side of the incoming circuit breaker shall be of the
loadbreak type.

9.17.3 Access Door of Power Fuse Compartment

(a) In installations incorporating power fuses on outgoing circuits, an interlock shall
be provided to prevent the access door of the outgoing circuit power fuse
compartment from being opened unless the loadbreak switch preceding the power
fuse is open, and to prevent the preceding switch from being closed until the power
fuse compartment door has been locked closed [Refer to sketches 1 (B-1) to 1 (J-

3)]-

(b) In installations incorporating power fuses as the overcurrent protection for the
Customer service, interlock shall be provided to prevent the access door of the
Customer service power fuse compartment from being opened unless the adjacent
loadbreak switches (or circuit breakers) on both the line side and load side of the
Customer service power fuse are open, and to prevent these switches (or circuit
breakers) from being closed until the Customer service power fuse compartment
door has been locked closed [Refer to sketches 1 (C-1), 1 (E-1) and 1 (F-1)].

9.17.4 Loadbreak Switch on Outgoing Circuit

Where loadbreak switch and power fuse are provided in each of the outgoing circuits, the
outgoing circuit power fuse compartment door shall be interlocked with the switch [Refer
to sketches 1 (B-1) to 1 (J-3)]. In installations incorporating Customer service power fuse,
the Customer service power fuse compartment door shall be interlocked with the switch
[Refer to sketches 1 (C-1), 1 (E-1), and 1 (F-1)].

9.17.5 Circuit Breaker on Outgoing Circuit

Where circuit breaker is provided in each of the outgoing circuits, the Customer service
power fuse compartment door shall be interlocked with the downstream circuit breakers
and the upstream Customer service loadbreak switch [Refer to sketch 1 (F-1)].

9.17.6 Customer Service Loadbreak Switch

The compartment door for Customer service power fuses shall be interlocked with the
preceding switch [Refer to sketches 1 (C-1), 1 (E-1) and 1 (F-1)].

9.17.7 Marking of Interlock Keys

Interlock keys should have the inscriptions “KIRK TYPE INTERLOCKS DO NOT
DUPLICATE”. Kirk type interlock key should be used.
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9.17.8 Circuit Breaker Used Instead of Fuse

When a circuit breaker is used instead of a fuse (Section 9.11), circuit breaker to switch
interlocks are not required where line side loadbreak switch is used [Refer to sketches 1
(B-1), and 1 (D-1)]. All other interlocks to prevent feeder paralleling are required.

9.17.9 Fixed Type Circuit Breaker

When a non-withdrawable type circuit breaker is used as the Customer’s first
protective device, it shall be preceded by upstream loadbreak switch. Interlock
between circuit breaker and a loadbreak switch shall not be required.

9.18 Grounding
9.18.1 Additional Grounding

In addition to grounding requirements as specified in the latest CSA Standard C22.2 No.
31, readily accessible ground connection shall be provided in each of the incoming line
cable termination compartments and in the metering voltage transformer compartment.

9.18.2 Grounding Facilities

In order to comply with the Occupational Health and Safety Act, the following facilities
for grounding the incoming feeder cable terminations must be provided:

(a) A standard grounding stirrup [Refer to sketches 4 (A-1) and 4 (B-1)] must be
installed on the ground bus in each incoming feeder termination compartment,
approximately 0.3 m inside the compartment door.

(b) A standard grounding stirrup [Refer to sketches 4 (A-1) and 4 (B-1)] must be
installed on each phase conductor in each incoming feeder termination
compartment.

(¢) Grounding using the 1-inch ball stud is also acceptable provided that the
grounding cable is supplied and stored in a padlockable enclosure. This enclosure
shall be supplied by the Customer and shall be located adjacent to the switchgear.
The minimum size of ground cable is 3/0 extra flex copper. Each incoming
termination cell requires a set of grounding cables.

(d) Once in service, Toronto Hydro will padlock all grounding facilities on the
incoming feeders and only Toronto Hydro personnel will be permitted to carry out
grounding operations on incoming feeders.

9.18.3 Cable Compartment

The ground connection in the cable termination compartments shall be positioned at an
easily accessible location to accommodate Toronto Hydro ground clamp.
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When the incoming feeder termination is located at the upper compartment of the
switchgear, a portable platform to facilitate the installation of grounds shall be provided.

The portable platform shall be a rolling type, dielectrically tested and CSA certified with
the height adequate to access all top vertical components of the switchgear cell.
Dimensions of the top platform step shall be no less than indicated in the sketch 6.

Alternatively, a platform can be built from 19 mm plywood construction as per
requirements of sketch 6. Plywood platform shall be painted in gray.

Portable platforms shall be marked as per requirements of sketch 6.

9.18.4 Voltage Transformer Compartment

The ground connection in the voltage transformer compartment shall be provided with
two 10/24 tapped holes to connect metering equipment ground leads.

9.18.5 Metallic Parts

Throughout the equipment all non-current carrying metallic parts shall be bonded to the
ground.

9.18.6 Ground Grid Connections

The switchgear assembly ground bus shall be connected to the substation ground grid at
two ends with minimum 2/0 copper ground conductor.

9.19 Automatic Transfer between Normal and Standby Supply

9.19.1 Notification Requirements

If manual operation of the automatic transfer switch is required, Toronto Hydro must be
advised in advance.

A typical automatic transfer scheme is shown on sketch 5 (A-1).

9.19.2 Automatic Transfer Functional Requirements

(a) Under normal condition, the Normal breaker/switch is closed, and the Standby
breaker/switch is open. Upon loss of the Normal supply, the Normal breaker (or
loadbreak switch) shall open and the Standby breaker (or loadbreak switch) shall
close. Automatic transfer shall be initiated only if the Standby supply is energized
and lock out of the transfer scheme has not activated part (c) below.

(b) After a successful transfer from Normal to Standby, the supply shall remain on
the Standby feeder even after the normal feeder has been restored. Toronto Hydro
shall manually switch the Customer back to Normal feeder. Automatic transfer
back to the Normal feeder shall take place only in the event of power loss of the
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Standby feeder, and provided the Normal feeder is energized. An adjustable time
delay (0 to 10 seconds range) shall be provided, before a transfer is initiated. This
shall apply to both the transfers from Normal to Standby and from Standby to
Normal feeders.

(c) The equipment shall include suitable overcurrent protective devices to prevent a
transfer in the event of a fault occurring on or downstream from the auto transfer
circuit breakers (or loadbreak switches). In the event of an operation of these
devices, the breaker must trip and the automatic transfer shall lock out, and shall
remain locked-out until it is manually reset by Toronto Hydro. The lock-out
device shall be key operated such that the key shall be retained by Toronto
Hydro or, alternatively, a cover shall be placed over the device and locked with a
Toronto Hydro padlock. The current transformers supplying the overcurrent
devices shall be located on the line side of the circuit breakers (or loadbreak
switches).

(d) An Auto-Manual selector switch shall be provided, and the manual control of
individual supply circuit breakers (or loadbreak switches) shall only be possible
with the selector switch in the Manual position.

(e) The control switches of each breaker (or loadbreak switch) shall be connected
such that a Customer may manually transfer from Normal to Standby and from
Standby to Normal by first tripping the supply breaker (or loadbreak switch),
and then closing the Standby (or Normal) breaker (or loadbreak switch). The
paralleling of the incoming feeders by the Customer is not permitted.

(f) A key operated “Toronto Hydro Interlock™ switch, with one key only for
Toronto Hydro use shall be provided. The key shall remain trapped in the lock
when the interlock circuit is in the “By—Pass” position. This is to permit the
paralleling of feeders by Toronto Hydro.

(g) Indication lights conforming to the following Toronto Hydro standard shall all

be provided:
RED To indicate Breaker Closed
GREEN To indicate Breaker Open
WHITE A normally closed breaker has tripped and is
now open.
BLUE Potential Indication

YELLOW/AMBER Lockout operation.

(h) Motorized loadbreak switches shall be equipped with a positive means,
acceptable to Toronto Hydro, of making them inoperative when in the open
position. This is to provide safe conditions when Toronto Hydro is making
repairs or conducting tests.
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(1) Voltage sensing transformers shall be arranged such that they can be easily
disconnected from the feeder cables and locked in the disconnected position.
This is to provide safe conditions when Toronto Hydro is making repairs or
conducting tests on the feeder cables.

(j) Circuit breakers or loadbreak switches shall be equipped with an operation
counter.

(k) Potential indication lights shall be provided for each ATS potential transformer
associated with each incoming feeder.

9.20 Emergency Backup and Embedded Generation Facilities

Emergency Backup and Embedded Generation shall comply with the requirements of
“Toronto Hydro Distributed Energy Resources” document, [Section 6 - Reference document
of the Conditions of Service].

9.21 Line Differential Relay Protection

Line differential relay protection arrangement is provided at the sole discretion of Toronto
Hydro. Additional conditions and costs may apply.

9.21.1 Toronto Hydro Scope of Supply

Where line differential (pilot-wire) relay protection or remote circuit breaker tripping is
required, Toronto Hydro will provide a control cabinet or rack panel with line differential
relays to communicate with the Toronto Hydro substation feeder relays via single-mode
fiber optic cable.

9.21.2 Customer Scope of Supply

In

order to support implementation of line differential (pilot-wire) relay protection,

Customer shall provide the following:

a)

b)

A dedicated 125 V DC voltage supply directly fed from DC distribution panel board
or battery/charger unit via a dedicated double pole, pad-lockable 15A circuit breaker
for the Toronto Hydro protection control circuit.

A minimum 2 x 2 meter wall space for the Toronto Hydro protection and control
cabinet or rack (the cabinet or rack may be wall-mounted or stand-alone). This
allocated space should be in close proximity to the main incoming cells, accompanied
by at least one 120 V AC receptacle at this vicinity. There shall be no unit heaters
on the wall within above mentioned space.

2 - 1 Y4” underground PVC conduits per each incoming cell, one end stubbed up and
into the main incoming circuit breaker control compartment and the other end
stubbed up at the Toronto Hydro 2 x 2 meter wall space that is reserved for the
Toronto Hydro protection and control cabinet or rack.
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d) Atthe location of the high voltage duct bank at the high voltage electrical room, there
shall be a 12”x12”x4” junction box at the vicinity of the duct bank (to run fiber
cables) and a 2 '4” conduit shall be installed for fiber optic cable from the junction
box/duct bank to the IT patch panel that will be located at or at the vicinity of the 2
x 2 meter wall space, coordinate with Toronto Hydro department prior to the
installation for exact locations. Conduits shall enter and exit the top side of the
junction box only.

e) A dedicated main incoming CT per each incoming cell, at 1200:5, and have a tap for
800:5 ratio, for the purpose of Toronto Hydro line differential protection (87L).

f) Switchgear DC schematics and wiring diagram, indicating the dedicated terminal
blocks (#24-6 wire size) for wiring to at least one spare “a” and one spare “b” dry
MOC contacts per incoming breaker, as well as dedicated terminal blocks that wire
to the breaker trip coil, per each incoming cell.

g) AC schematics and wiring diagram, indicating the dedicated double screw type
terminal blocks (#20-6 wire size) for Toronto Hydro’s connection to the dedicated
CT, which shows the CT polarity, accuracy class, and ratio.

9.22 Test Blocks

Test blocks shall be installed in the current transformer secondary circuits on the relay panel
for each set of protective relays to permit the disconnection of the protective relays and to
short circuit the current transformer secondary circuit for test purposes.

9.23 Annunciation — SF6 Low Pressure

(a) Each SF6 circuit breaker or any SF6 compartment within the electrical room shall have
a gauge to monitor the low SF6 pressure installed within the circuit breaker or SF6
compartment.

(b) A warning light shall be provided on the control panel of each SF6 circuit breaker or
any SF6 compartment to indicate “Low SF6 Gas Pressure”.

(c) A “Lamp Test” button shall be installed on the control panel of each individual circuit
breaker or SF6 compartment for testing the individual warning light.

(d) A sign stating “Low SF6 Gas Pressure” shall be mounted above each warning light.

(e) The low pressure warning lights shall be simultaneously activated with the external
light(s) as indicated in Section 8.9.

9.24 Protective Relays
9.24.1 Relay Settings

Relays that are under Toronto Hydro’s operating jurisdiction shall have provisions for
Toronto Hydro seals to prevent unauthorized change of relay settings.
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9.24.2 Current Transformer Secondary Wiring

The size of all current transformer secondary wiring shall be #10 AWG.

9.24.3 Protection of Cable Tie

Dedicated protection device for cable tie is optional if cable is adequately protected by
upstream protective device. Rating of cable tie shall be in compliance with requirements

of Table 2.

9.25 Faulted Circuit Indicators

Toronto Hydro shall provide faulted circuit indicators (FCI) for each phase of incoming

feeders.

Customer shall provide provision for FCI installation inside of the switchgear compartment
where Toronto Hydro incoming feeders are terminated. FCI status shall be visible through

provided safety window.

9.26 Transformers

To coordinate with Toronto Hydro upstream protective devices, Customer’s transformers
shall be restricted to the ratings shown in Table 4. Protection and connection of Customer-
Owned Substations to the Toronto Hydro distribution system shall be as per the guidelines

shown in Table 5.

Table 4 - Customer Transformer Ratings and Winding Configurations

Station**

Transformer
Toronto Hydro Single Transformer SI::I:()nrll?i?;'-y BIL Rating
Supply Station | Nominal MVA Rating Winding
Configuration
Less or equal than :
Yo-Ya Refer to Section 9.1
. 2.5 MVA*
27.6 kV Terminal
Station Greater than
2.5 MVA *** A -Yg Refer to Section 9.1
(maximum 10 MVA)
13.8 kV Terminal Upto 7.5 MVA A -Yg Refer to Section 9.1

* Where winding configurations are required that differ from the above table, requests shall
be submitted to systemstudies@torontohydro.com for analysis and review. For transformer
windings with YG - YG configuration, a 5 legged transformer core shall be used.

** For 13.8 kV Municipal Station connections, a request shall be submitted to Toronto Hydro

for review.
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*#* For substations where at least one of transformers nominal MVA is 2.5 MVA or greater

any additional transformers may also have winding configuration as A - Y.

9.27 Arc Flash Warning Signs

The arc flash warning sign shall be attached to the exterior door of each compartment of
Customer-Owned High-Voltage Switchgear.

Arc flash warning signs shall be printed on 4”°x6” self-adhesive vinyl tape suitable for both
indoor and outdoor environments and contain information shown in sketch 8.

9.28 Re-used, Refurbished or Modified High-Voltage Equipment

When previously used, refurbished or modified by a third party equipment is deployed for
Customer-Owned Substations it shall meet the following requirements:

9.28.1 Switchgears

a) Switchgears shall be evaluated by authorized agency or original equipment
manufacturer to confirm its compliance with applicable CSA standards. Certificate of
compliance with CSA standards shall be submitted to Toronto Hydro for review and

approval.
b) Switchgears shall be tested as per latest NETA specifications. Evidence of successful
testing shall be submitted to Toronto Hydro for review and approval.

9.28.2 Transformers

a) Transformers shall be tested and inspected as per latest NETA specifications.

b) Insulation liquid tests shall be performed for liquid filled transformers in accordance
with the latest NETA specifications. Evidence of successful testing shall be submitted
to Toronto Hydro for review and approval.
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Table 5 - Guidelines for Customer-Owned Substation Protection and
Connections @ to Distribution System

Toronto Hydro Distribution System Customer Requirements
) Lateral Customer-Owned Substation
Feeder Connection
Distribution Primary Cable Size P d]
System Lateral Aggregate g?:glﬁ:m Maximum
(SSt;lt[:([:lll); Main Fu.se Tra;;?;mer Transformer Fuse Rating
Rating Underground Overhead MVA ®
(Amps)
1/0 Al, 3/0 AWG (ACSR),
- 10K rpxLPE, 1C© Al =9 3 BOE
1/0 Cu,
27.6kV - | 200K | o eE e YOAWE (ACSR). <11 5 125E
Terminal 2 —
Station circuit
@ 1000 kemil Al, |556.5 kemil (ASC), 10 breaker
) TRXLPE, 1C Al ) (Refer to
section 9.11)
3/0 Cu,
- 140 K® TRXLPE, 3/0 AWG (ACSR), <5 1.5 80 E
. Al
Triplex
13.8kV 3/0 Cu, ouit
Terminal TRXLPE, 56 cireut
Stati . breaker
tation 3) Triplex
- - - - (Refer to
500 kemil Cu, section
TRXLPE, 7.5 6
. 9.11)
Triplex
13.8kV
.. 1/0 Al, 3/0 AWG (ACSR),
Mum'mpal - 100 K TRXLPE, 1C Al <3 1.0 65E
Station
Notes:

M Contact systemstudies@torontohydro.com to confirm coordination with the feeder’s
circuit breaker at the terminal station.

2 Overhead or pad-mounted type SCADA-operated three-phase gang operated
loadbreak switch to be used for connection to the main feeder.

() Connect directly to the main underground feeder.

@ Applies to overhead only (i.e. fuses at pole).

®) For multiple transformer units, contact systemstudies@torontohydro.com for capacity
confirmation.

®) Cable rating is based on 80% load diversity factor.

™ Three-phase Customer-Owned Substations shall not be connected within a feeder
loop where there is a single-phase Customer connected to one of the feeder phases.

® In addition, where more than one transformer is connected, the Customer’s aggregate
transformers MV A can not exceed the values as specified in the column.
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10. METERING REQUIREMENTS

For metering requirements, refer to the “Toronto Hydro Metering Requirements for 13.8 kV &
27.6 kV Customer-Owned Substations” document, [Section 6 - Reference document of the
Conditions of Service].

11. ASSOCIATED PUBLICATIONS

The latest revisions of the Publication listed below shall apply. In case of conflict between the
Publications below and Toronto Hydro requirements, the latter will govern.

Canadian Standards Association (CSA):

C22.2 No. 31 Switchgear Assemblies

C22.2 No. 94 Special Purpose Enclosures 2, 3, 4 and 5

C22/2 No. 193 High Voltage Full-load Interrupter Switches

CAN 3-C13 Instrument Transformers

Electrical and Electronic Manufacturers Association of Canada (EEMAC):
G8-3.2 Metal Clad and Station-type Switchgear

G10-1 Revenue Metering Equipment in Switchgear Assemblies

Institute of Electrical and Electronic Engineers (IEEE):

Std 48 Test Procedures and Requirements for High Voltage ac Cable
Terminations
C37.74 Standard Requirements for Subsurface, Vault, and Padmounted Load-

Interrupter Switchgear and Fused Load-Interrupter Switchgear for
Alternating Current Systems up to 38 kV

386 Standard for Separable Insulated Connector Systems for Power
Distribution Systems above 600 V

Std 80 Outdoor Grounding Requirements

C37.20.2 — 2025 1EEE Standard for Metal-Clad Switchgear

C57.12.28 IEEE Standard for Pad-Mounted Equipment-Enclosure Integrity
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American National Standards Institute (ANSI):
C37 series of Standards

NETA — Standard for Acceptance Testing Specification for Electrical Power Equipment and
System

National Electrical Manufacturers Association (NEMA)

Conditions of Service, Section 6 — Reference #4 Page 46 of 76



Requirements for the Design & Construction of Customer-Owned High-Voltage Substations

12. SKETCHES
Sketch 1 (A-1)
Sketch 1 (B-1)

Incoming Circuit:

One Outgoing Circuit:

Sketch 1 (C-1)

Incoming Circuit:
Outgoing Circuits:
Sketch 1 (C-2)  Incoming Circuit:
Outgoing Circuits:
Sketch 1 (D-1)

Incoming Circuits:

One Outgoing Circuit:

Sketch 1 (E-1)

Incoming Circuits:
Outgoing Circuits:
Sketch 1 (E-2)  Incoming Circuits:
Outgoing Circuits:
Sketch 1 (F-1) Incoming Circuits:
Outgoing Circuits:
Sketch 1 (F-2)  Incoming Circuits:
Outgoing Circuits:
Sketch 1 (G-1) Incoming Circuits:
Outgoing Circuits:
Sketch 1(H-1)  Incoming Circuits:
Outgoing Circuits:

Dedicated
Incoming Circuits:
Outgoing Circuits:

Sketch 1 (H-2)

Sketch 1 (I-1)

Incoming Circuits:
Outgoing Circuits:

Sketch 1 (J-1)

Typical Single Line Diagram Legend

Loadbreak Switch
Fuse

Loadbreak Switch
Loadbreak Switches and Fuses

Loadbreak Switches and Breakers
Loadbreak Switches and Fuses

Loadbreak Switches
Loadbreak Switch and Fuse

Loadbreak Switches
Loadbreak Switches and Fuses

Loadbreak Switches and Breaker
Loadbreak Switches and Fuses

Loadbreak Switches
Circuit Breakers

Loadbreak Switches and Breaker
Circuit Breakers

Circuit Breakers
Loadbreak Switches and Fuses

Circuit Breakers (Split-Bus)
Loadbreak Switches and Fuses

Circuit Breakers (Split-Bus)
Circuit Breakers

Pilot Wire Protected Circuit Breakers
Circuit Breakers

Two Incoming Circuits with Remote Restoration

For Peak Loads From 9 MVA to 13.3 MVA

Conditions of Service, Section 6 — Reference #4

Page 47 of 76



Requirements for the Design & Construction of Customer-Owned High-Voltage Substations

Sketch 1 (J-2)  Two Incoming Circuits with Remote Restoration
For Peak Loads Below 9 MVA

Sketch 1 (J-3)  Two Incoming Circuits with Local Restoration
For Peak Loads Below 9 MVA

Sketch 2 Toronto Hydro Incoming Feeder Terminations

Sketch 3 Pothead Mounting Plates and Gasket Standard
(For Top Entry Termination)

Sketch 4 (A-1) Grounding Stirrup Angled

Sketch 4 (B-1)  Grounding Stirrup Straight

Sketch 5 (A-1) Typical Automatic Load Transfer Schematic
Sketch 6 Toronto Hydro Work Platform

Sketch 7 Arc Flash Sign
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Table 6 - Sketches Applicability Matrix

13.8 kV 27.6 KV
Dedicated
Sketch # 1 feeder | 2 feeders Dedicated 1 feeder 2 feeders feeder
supply supply feeder supply | supply supply supply
Sketch 1 (B-1) X X
Sketch 1 (C-1) X X
Sketch 1 (C-2) X X
Sketch 1 (D-1) X
Sketch 1 (E-1) X
Sketch 1 (E-2) X
Sketch 1 (F-1) X
Sketch 1 (F-2) X
Sketch 1 (G-1) X
X X
Sketch 1 (H-1) <8 MVA <18 MVA
X
18 to 28 MVA
Sketch 1 (H-2) 2 feeders
X
8to <40 MVA
Sketch 1 (I-1) up to 5 feeders
X
9to 13.3 MVA
remote
Sketch 1 (J-1) restoration
X
X <9 MVA
remote
Sketch 1 (J-2) restoration
X X
<9 MVA local
Sketch 1 (J-3) restoration

Sketch 5 (A-1)
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CIRCUIT COMPONENTS

CABLE TERMINATION

LOADBREAK SWITCH

[SOLATING SWITCH

FUSE

CURRENT TRANSFORMER

POWER TRANSFORMER

PMH TYPE
SWITCHGEAR

bd bbb

-

I
)
-

=

®

&B»

53

50751 51N

INTERLOCKS

MECHANISM LOCK:
KEY RELEASED WHEN SWITCH LOCKED OPEN

MECHANISM LOCK:
KEY RELEASED WHEN BREAKER LOCKED OPEN

MECHANISM L0OCK:
KEY RELEASED WHEN SWITCH IN EITHER
FULLY OPEN OR FULLY CLOSED POSITION

MECHANISM LOCK:
KEY RETAINED WHEN DOOR OPEN

NO. 2 KEY SHOWN IN LOCK

NO.2 KEY REMOYED FROM LOCK

SCADA

WITHDRAWABLE CIRCUIT BREAKER

RELAYS
(OYERCURRENT — PHASE & GROUND)

VOLTAGE TRANSFORMER

PILOT WIRE RELAY

VOLTAGE INDICATOR

FAULT INDICATOR

SKETCH 1 (A-1)
TYPICAL SINGLE LINE DIAGRAM LEGEND
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TORONTO HYDRO

INCOMING FEEDER
TORONTO

HYDRO ]

__fowweRsip L b ALTERNATIVE LOCATION
DEMARCAT 10N /DF FAULT INDICATOR
CUSTOMER ,

/
METERING
SEE NWOTE 2 IWHEM APPLICABLE

AN
Y

METERING
(WHEN APPLICABLE}

NOTE :
11 INTERLOCK a1 TO D13z PREVENTS THE FUSE COMPARTMENT DODOR FROM BEING OPENED WHILE THE
PRECEDIMG LINE SWITCH [S CLOSED.

KEY TRAPPED IN SWITCHGEAR: ONE NO. 1 KEY.
TORONTO HWYDRO SHALL RETAIN: ONE NO. 1 KEY.

21 ADDITIONAL PROTECTIVE BARRIER FOR LIVE BLADES MAY BE REGUIRED TO MEET REQUIREMENTS OF
ESA BULLETIN 36-12-w,

SKETCH 1 (B-1)
TYPICAL SINGLE LINE DIAGRAM
LEGEND: INCOMING CIRCUIT: LOADBREAK SWITCH
SEE SKETCH 11A-1) OME OUTGOING CIRCUIT: FUSE

Conditions of Service, Section 6 — Reference #4 Page 51 of 76



Requirements for the Design & Construction of Customer-Owned High-Voltage Substations

TOROMTO HYDROD
ToronTo  INCOMING FEEDERS
HYDRO |
A
........ DWNERSHIP  _ _ _ _
DEMARCAT [ ON i
i :3'1 -----------
EL\—ALTERNMWE LOCATION +====~- . ’r/
EF T TOR SEE ha
e OF FAULT INDICATO ot 3\1,'
cus D"E_/ METER NG
SEE NOTE 2 LWHERE APPLICABLE! |\ » == -~
Ao O |
CUSTOMER  _ _ _ _ _
SERVICE CUSTOMER
LOADBREAK SERVICE
SWITCH POWER
FUSE
METERING
[WHERE APPL | CABLE )
NOTE =
11 INTERLOCK &1 TO D1:  PREVENTS THE FUSE COMPARTMENT DOOR FROM BEING OPENED WHILE THE
AMD A2 TO D2: ADJACENT SWITCHES ARE CLOSED.
AND A3 TO D3:
KEY TRAPPED IN SWITCHGEAR:  OWE OF EACH KEYS: WNO. 1, WO, 2. AND NO. 3.
TORONTO HYDRO SHALL RETAIN: ONE NO. 1 KEY.
21 THIS SWITCH 15 DMLY MECESSARY IF PRIMARY METERING 15 EMPLOYED
31 ADDITIOMAL INTERLOCKS WITH INCOMING SWITCHES AND/OR PROTECTIVE BARRIER FOR PROTECTIVE
LIVE BLADES MAY BE REOUIRED TO MEET REOUIREMENTS OF ESA BULLETIN 36-12-+%.
SKETCH 1 (C-1)
TYPICAL SINGLE LINE DIAGRAM
LEGEND: INCOMING CIRCUIT: LOADBREAK SWITCH
SEE SKETCH 104-1] OUTGOING CIRCUITS: LOADBREAK SWITCHES AND FUSES

Conditions of Service, Section 6 — Reference #4 Page 52 of 76



Requirements for the Design & Construction of Customer-Owned High-Voltage Substations

TORONTO HYDRO
INCOMING FEEDERS

|
b,

TORONTD
HYDRO

OWNERSHIF
DEMARCATION

ALTERMATIVE LOCATION
OF FAULT INDICATOR

CUSTOMER N.C. SEE MOTE 3 AND &
METERING
SEE NOTE 6 [WHERE APPL ICABLE) .
M Faal
J'I"'u'h'u 2 ‘:%@}’ ’
CUSTOMER l
SERVICE
BREAKER
METERING

[WHERE APPL ICABLE !

NOTES:
11 INTERLOCK A1 TO D1:  PREVENTS THE FUSE COMPARTMENT DOOR FROM BEING OPENED WHILE THE
AND AZ TO D2:  ADJACENWT SWITCHES ARE CLOSED.

KEY TRAPPED IN SWITCHGEAR: OME OF EACH KEYS: NO. 1. AND NO. 2.

TORONTO HYDRO SHALL RETAIN: ONE MO. 1 KEY.
20 COMPARTMENT FOR WITHDRAWABLE CIRCUIT BREAKER SHALL HAVE GROUNDING PROVISION.
31 UPSTREAM LOADBREAK SWITCH SHALL BE PROVIDED IF CUSTOMER SERVICE BREAKER IS5 NOT A W|lTHDRAWABLE
TYPE.
KIRK KEYS ARE PREFERRED. HOWEVER OTHER MECHAM|CAL METHODS OF [NTERLOCK ING MmaY ALSO BE
EMPLOYED WITH PRIOR TOROMTO HYDRO APPROVAL.

4

51 ADDITIONAL INTERLOCKS WITH INCOMING SWITCHES AND/OR PROTECTIVE BARRIER FOR PROTECTIVE LIVE
BLADES MAY BE REQUIRED TO MEET RECUIREMENTS OF ESA BULLETIN 36-12-=.
61 THIS SWITCH 1S ONLY NECESSARY IF PRIMARY METERING S EMPLOYED.
SKETCH 1 (C-2)
TYPICAL SINGLE LINE DIAGRAM
LEGEND: INCOMING CIRCUITS: LOADBREAK SWITCHES AND BREAKERS
SEE SKETCH 114-1) OUTGOING CIRCUITS: LOADBREAK SWITCHES AND FUSES
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TOROMTO HYDRO
INCOMING FEEDERS

TORONTOD J
HYDRO u >

OWNERSH |P
DEMARCATIOMN

ALTERMATIVE LOCATION
OF FAULT [NDICATOR

‘L - _!; ______ ~u——SEE NOTE 4
L.
]

CUSTOMER N. =0 :;’f_f
METERING
[ WHEN APPL ICABLE)
r‘“‘lﬁ'\
]
W |
METERING :
(WHEN APPLICABLE) | O
NOTES:
11 INTERLOCK A1 TO Atz PREVENTS THE [NCOMING LINES FROM BEING PARALLELED BY THE CUSTOMER.

INTERLOCK A2 TO D2: PREVENTS THE FUSE COMPARTMENT DOOR FROM BE ING OPENED WHILE THE
PRECEDING SWITCH [5 CLOSED.

KEY TRAPPED IN SWITCHGEAR: ONE OF EACH KEYS: NO. 1. AND NO. 2.
TORONTO WYDRO SHALL RETAIN:  TWO NO. 1 KEYS.

Z) KIRK KEYS SHALL BE EMPLOYED FOR INCOMING LOADBREAK SWITCHES. FOR DOWNSTREAM SWITCH-FUSE
COMBINATIONS. KIRK KEYS ARE ALSD PREFERRED. HOWEVER OTHER MECHANICAL METHODS OF INTERLOCK [NG
MAY ALSO BE EMPLOYED WITH PRIOR TORONTO HYDROD APPROVAL.

31 THIS SKETCH 15 OMNLY APPLICABLE FOR 13.8 =V DUAL RADIAL SYSTEM.

41 ADDITIONAL [NTERLOCKS WITH INCOMING SWITCHES ANDAOR PROTECTIVE BARRIER FOR PROTECTIVE
LIVE BLADES MAY BE REQUIRED TO MEET REQUIREMENTS OF ESA BULLETIN 36-12-=,

SKETCH 1(D-1)
TYPICAL SINGLE LINE DIAGRAM
LEGEND: INCOMING CIRCUITS: LOADBREAK SWITCHES
SEE SKETCH 11A-1) OMNE QUTGOING CIRCUIT: LOADBREAK SWITCH AND FUSE
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TORONTO HYDRO
TORONTO INCOMING FEEDERS
HYDRO |

b |

ALTERMWATIVE LOCATION
OF FAULT INWDICATOR

_Yomersuip £ SEE NOTE 3
DEMARCAT [ON e ——————— \
I
I 'f;/ __________ [ |
i .|'F ~ I [
CUSTOMER / N : |
H.C.f—~aFT} H.D. )] ]ET:I [ [
i | [
- | 1
. A . ! !
o ————— --
T T cUSTOMER l T
1 sEmRvICE Eu"sn:ifﬂ Y I
LOADBRE AK SEH9|EE o s !
SWITCH eowcn M G4 L 1 =<
ru5£ 1 |
r 1 =71 |
LR = —5‘1 [ [ -
e (e C maf
(WHEN APPLICABLE) : . I
| 1 I f =
W
HOTES

1) INTERLOCK &1 TO A1: FREVENTS THE IMCOMING LINES FROM BEING PARALLELED BY THE CUSTOMER.
INTERLOCK a2 TO D2: PREVENTS THE FUSE COMPARTMENT DOOR FROM BEING OFPEMED WHILE THE
AMD A3 TO D3: ADJACENT SWITCHES ARE CLOSED.
AMD A4 TO D4z

REY TRAPFED [M 2WITCHGEAR:  ONC OF CACH REYZ: NO: 1. WD+ 2« HOs 3+ AND WO. 4.
TOROWTO HYDRO SHALL RETAIW: TwWD WO. 1 KEYS.

21 THIS SEETCH [5 ONLY APPLICABLE FDR 13.8 kV DUAL RADITAL SYSTEM.

3) ADDITIONAL [MTERLOCKS WITH IHCOMING SW[TCHES AND/OR PROTECTIVE BARRIER FOR PROTECTIVE LIVE
BLADES MAY BE REOUIRED TO MEET REQUIREMENTS OF ESA BULLETIN J&-12-w.

SKETCH 1 (E-1)
TYPICAL SINGLE LINE DIAGRAM
LEGEND: INCOMING CIRCUITS: LOADBREAK SWITCHES
SEE SKETCH 11a-1) OUTGOING CIRCUITS: LOADBREAK SWITCHES AND FUSES
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TOROMTO HYDRO
TORONTO [MCOM | MG FEEDERS
HYDRD |

| OWNERSHIP

| DEMARCATION

ALTERMATIVE LOCATION

l, ?’f OF FAULT INOICATOR

CUSTOMER N.C. N.D. :jf ’x;/fr_SEE NOTE 3 AND &
AN e
7 T
CUSTOMER
SERVICE
BREAKER
METERING
(WHEN APPLICABLE )
NOTES:

PREVENTS THE [NCOMING LINES FROM BEING PARALLELED BY THE CUSTOMER.
PREVENTS THE FUSE COMPARTMENT 0OOR FROM BE (NG OPEMED WHILE THE
ADJACENT SWITCHES ARE CLOSED.

11 [MTERLOCK A1 TO A1:

INTERLOCK A TO D2:
AND 43 TOD D3:

KEY TRAPFED IN SW]TCHGEAR: OME OF EACH KEYS: MO. T+ MO. 2.+ NO. 3. AND NO. 4.

TOROMTO HYDRO SHALL RETAIM: Twd MO. 1 KEYS.

21 COMPARTMENT FOR W]THDRAWABLE CIRCUIT BREAKER SHALL HAYE GROUMDING PROVISION.

31} UPSTREAM LOADBREAK SWITCH SHALL BE PROVIDED 1F CUSTOMER SERVICE BREAKER 15 HOT & WITHORAWABLE

TYPE.

KIRK KEYS SHALL BE EWMPLOYED FOR [MCOMIWG LOADBREAK SWITCHES. FOR DOWNSTREAM SWlTCH-FUSE

COMB [MAT[ONS. KIRK REYS ARE ALSO PREFERRED. HOWEWER OTHER MECHAMICAL WMETHODS OF INTERLOCK [MG

MAY ALSO BE EMPLOYED WITH PRIDR TOROMTO HYDRD APPROVAL.

4

) THIS SKETCH 15 DNLY APPLICABLE FOR 13.8 kY DUAL RADJAL SYSTEM.
&) ADDITIONAL INTERLODCKES WITH INCOMING SWITCHES ANDSDR PROTECTIVE BARRIER FOR PROTECTIVE LIVE
BLADES MAY BE REOQUIRED TD MEET REQUIREMENTS DOF ESA BULLETIN 36-17-m.
SKETCH 1 (E-2)
TYPICAL SINGLE LINE DIAGRAM
LEGEND! INCOMING CIRCUITS: LOADBREAK SWITCHES AND BREAKER
SEE SKETCH 1(&-1) OUTGOING CIRCUITS: LOADBREAK SWITCHES AND FUSES
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TORONTD HYDRED

ALTERMATIVE LOCATION

TORONTO INCOMING FEEDERS OF FAULT INDICATOR
HYDRD
NOTE 3
_ L UWNERSHIP
DEMARCAT 10N

_______________ -
_________ |

1
! I
CUSTOMER ! |
N-c I I
! I
! |
o .- |
4 CusTOMER ! _ ) J\ *l !
sERviceE CUSTOMER A [ELSS
LOADBREak SERVICE ) --- Of----
SWITEH POWER S —— Ry —— g
FUSE ) 0
A5 SN S5 5ik

-—— WETERING
I WHEM APPL [CABLE)
HOTES:

1) INTERLOCE A1 TO A1:
INTERLOCK a2 TO D2:

INTERLOCK B3 TO D3:
AND B4 TO D4:

KEY TRAPPED

IM SWITCHGEAR:
TORONTO HYDRO SHALL RETAIM:

PREVENTS THE
PREVENTS THE FUSE COWMPARTWMENT DODR FROM BE ING OPENWED WHILE
PRECEDING SWITCH 15 CLOSED.

PREVENTS THE FUSE COMPARTMEWT DODR FORM BE ING OPENWED WHILE
BREARERS ARE CLOSED.

OME OF EACH KEYS: HO. 1.
TWD NO. 1 KEYS.

HO. 2. NO. 3. AND NHO. 4.

INCOMING LINMES FROM BE ING PARALLELED BY THE CUSTOMER.

THE

THE

21 THIS SKETCH
a1 ADDIT[ONAL

15 OHLY APPLICABLE FOR 13.8 kYW DUAL RADIAL SYSTEM.

INTERLDCKS WITH

INCOM[NG SW|TCHES ANDSDR PROTECT[VE BARR|ER FOR PROTECTIVE LIVE

BLADES MAY BE REQUIRED TO MEET REQUIREMENTS OF ESA BULLETIN 26-1Z-w.

SKETCH 1 {F-1)
TYPICAL SINGLE LINE DIAGRAM
INCOMING CIRCUITS: LOADBREAK SWITCHES
OUTGOING CIRCUITS: CIRCUIT BREAKERS

LEGEND:
SEE SKETCH 11a-11}
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TOROWTO HYDROD

TORONTO INCOMING FEEDERS
HYORD | I

| x

NERSH 1P ALTERMATIVE LOCATION
- o DMNERSMIC = OF FAULT INDICATOR

DEMARCAT 10N
CUSTOMER l
N.Co SEE NOTE 3 AND 5
O3 /—
=k,
o '
CUSTOMER l l
SERVICE 2 ay
BREAKER LI~ LF ,
== ===
8] Q
0rS 0 $1H 41 S1M

-——— METERING
I WHEN APPL [CABLE )

NDTES:
11 INTERLOCK A1 TD Av: PREVENWTS THE [NCOMING LINES FROM BE ING PARALLELED BY THE CUSTOMER.

KEY TRAPPED |N SWITCHGEAR: OME MO. 1 KEY.
TOROMTO HYDRO SHALL RETAIN: TWO MO. 1 KEYS.
21 COMPARTMENT FOR WlTHDRAWABLE CIRCUIT BREAKER SHALL HAVE CROUMDING PROVISION.
31 UPSTREAM LOADBREAK SwITCH SHALL BE PROVIDED 1F CUSTOMER SERVICE BREAKER 15 NOT & wWITHORAWABLE
TYPE.
4} THIS SKETCH 15 ONLY APPLICABLE FOR 13.8 kv DUAL RADIAL S¥STEM.
S) ADDITIONAL INTERLOCKS WITH IMCOMIMNG SWITCHES AND/DR PROTECTIVE BARRIER FOR PROTECTIVWE LIVE
BLADES MAY BE REOUIRED TD MEET REQUIREMENTS OF ESA BULLETIMN 36-12-=.

SKETCH 1 (F-2)
TYPICAL SINGLE LINE DIAGRAM
LEGEND: INCOMING CIRCUITS: LOADBREAK SWITCHES AND BREAKER
SEE SKETCH 11a-11 QUTGOING CIRCUITS: CIRCUIT BREAKERS
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TORONTO HYDRO
INCOMING FEEDERS |

a—
A

TORONTO
HYDRO
ALTERNATIVE LOCATION
_ TOWNERSHIP T __ OF FAULT INDICATOR
DEMARCATION
CUSTOMER :
- — |
|
[
[
I
I
|
FOSSIBLE [
SWITCHGEAR l
EXTENSION
mmmm e — — . METERING
| METERING ! WHERE APPL ICABLE
| WHERE APPLICABLE; A | AA
e AR A ' VAN
I L L I : l
] v > I
1 \? v O ! SHAED - 0 “Q ~i
1 | yo ! [ 1
1 I _ < 1 l
| rh :'\ I L3 I | |
[ )l W | |
e N by —@\_)— -
Lo v L _@
| |_LP_J I_(I\.’_ 1 | |
] I | \Af | \/
| <7 Voo
| ; { | METERING
AN i [ WHERE APPLICABLE
I I [
I ' [
| \;.l!\ &Y, |
o L __ |
NOTES:

1) KIRK KEYS SHALL BE EMPLOYED FOR INCOMING LOADBREAK SWITCHES. FOR DOWNSTREAM SWITCH-FUSE
COMBINATIONS, KIRK KEYS ARE ALSO PREFERRED. HOWEVER OTHER MECHANICAL METHODS OF INTERLOCKING
MAY ALSO BE EMPLOYED WITH PRIOR TORONTO HYDRO APPROVAL.

2) INTERLOCK A1 TO Atl: PREVENTS THE [NCOMING LINES FROM BEING PARALLELED BY THE CUSTOMER.
INTERLOCK A2 TO D2: PREVENTS THE FUSE COMPARTMENT DOOR FROM BEING OPEMNED WHILE THE

AND A3 TO D3: PRECEDING SWITCH IS CLOSED.

KEY TRAPPED [N SWITCHGEAR: OME OF EACH KEYS: NO. 1. NO. 2. AND NO. 3.
TORONTO HYDRO SHALL RETAIN: TWO NO. 1 KEYS. ONE OF EACH KEYS: NO. 2. AND NO. 3.

3) THIS SKETCH IS ONLY APPLICABLE FOR 13.8 kV DUAL RADIAL SYSTEM.

4) KIRK KEYS SHALL BE EMPLOYED FOR INCOMING LOADBREAK SWITCHES. FOR DOWNSTREAM SWITCH-FUSE
COMBINATIONS. KIRK KEYS ARE ALSO PREFERRED. HOWEVER OTHER MECHANICAL METHODS OF INTERLOCKING
MAY ALSO BE EMPLOYED WITH PRIOR TORONTO HYDRO APPROVAL.

SKETCH 1 (G-1)
TYPICAL SINGLE LINE DIAGRAM
LEGEND: INCOMING CIRCUITS: CIRCUIT BREAKERS
SEE SKETCH 1(A-1) OUTGOING CIRCUITS; LOADBREAK SWITCHES AND FUSES
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TORONTO HYDRO
INCOMING FEEDERS

TORONTO HYDRO | |
X A
OWNERSHIP
DEMARCATION ] ALTERNATIVE LOCATION
% ‘ OF FAULT INDICATOR
CUSTOMER l
N.C N.C
50451 51N 50/51 51N
— J—
| I
A N.C. M.C. |
1
SEE NOTE 2
METERING METERING
(WHERE APPL | CABLE) (WHERE APPLICABLE )
fAVA\ . : . fh\i"A\
| l N-0. ] !
O=Y = —l yy EN AR - Aako--

-
|
|
|
| Py e o .
- &0} ~@io}+ 2 —{0f3- —okz-
-—
x«lwu NO SECONDARY
ELECTRICAL
CONNECTION ACROSS

—_—

THE SPLIT-BUS

NOTES:

1) THE CUSTOMER SHALL NOT INSTALL ANY EQUIPMENT TO PERMIT ELECTRICAL CONMWECTION BETWEEN
TRANSFORMER SECONDARIES ACROSS THE SPLIT-BUS.

2) WITHDRAWABLE CIRCUIT BREAKER OR LOADBREAK SWITCH WITH VISIBLE ISOLATION POINT ARE
ACCEPTABLE FOR A TIE.

3) THIS SKETCH 1S APPLICABLE FOR NON-DEDICATED FEEDERS WITH CUSTOMER PEAK LOAD BELOW 8 MVA
FOR 13.8 KV AND BELOW 18 MVA FOR 27.6 kV. PLEASE MNOTE THAT THESL MAIN CONDITIONS OF
SERVICE DOCUMENT OUTLIMES FURTHER LIMITATION FOR APPLICABILITY OF THIS SKETCH ON
13.8 kV SYSTEM.

4) INTERLOCK B1 TO B1: PERMITS A MAXIMUM OF TWO BREAKERS/TIE SWITCHES TO BE CLOSED.
[NTERLOCK A2 TO D2: PREVENTS THE FUSE COMPARTMENT DOOR FROM BEING OPENED WHILE THE

AND A3 TO D3: PRECEDIMG SWITCH IS CLOSED.
AND A4 TO D4:
AND A5 TO D5:

KEY TRAPPED IN SWITCHGEAR: ONE OF EACH KEYS: NOD. 2, NO. 3. NO. 4, AND NO. 5
AND TWO OF THE NO. 1 KEYS.
TORONTO HYDRO SHALL RETAIN: THREE NO. 1 KEYS.

SKETCH 1 (H-1)

TYPICAL SINGLE LINE DIAGRAM

LEGEND: INCOMING CIRCUITS: CIRCUIT BREAKERS (SPLIT-BUS)
SEE SKETCH 1(A-1) OUTGOING CIRCUITS: LOADBREAK SWITCHES AND FUSES
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STREET LINE——=—=—————————————
TORONTO HYDRO
DEDICATED INCOMING FEEDERS
CUSTOMER PROPERTY —
600 A 600 A spﬁ?EE‘?EﬂLT 600 A 600 A
PMH-11 SF6& PMH-11 SF&
SEE NOTE 5 SEE NOTE 5
N.C. [ &) &) |[n.o. SWITCHGEAR N.C. &) @) |[N-C.
INSTALLATION AT
CUSTOMER PROPERTY
TORONTO HYDRO  p.c. N.C.
a AN
OWNERSH [P 800 A 600 A
DEMARCATION —‘ I_
X s
CUSTOMER 1 1

N.C. N.C.
50/51 51N 50/81 51N
-—— -—-

I |
I

b o o Y e e e e - o

SEE NOTE 2

METERING
{WHERE APPLICABLE)

. AA AA :
TATAY ) I
N.0O.

|

|

|
aN vy ' N N
= : -

|

|

METERING
(WHERE APPLICABLED

-== [(—--- -—-—-—] - ==
Y -4« Y --- - Y - Y
O F0 O — O 0% O
0/51 SN 50/51 51N W NO SECONDARY A 51N 50/51 51N 50/51

ELECTRICAL
CONMECTION ACROSS
THE SPLIT-BUS

NOTES:

1) THE CUSTOMER SHALL NOT JWSTALL ANY EQUIPMENT TO PERMIT ELECTRICAL CONNECTION BETWEEM
TRANSFORMER SECONDARIES ACROSS THE SPLIT-BUS.

2) WITHDRAWABLE CIRCUIT BREAKER OR LOADBREAK SWITCH WITH VISIBLE I[SOLATION POINT ARE
ACCEPTABLE FOR A TIE.

3) THIS SKETCH IS APPLICABLE FOR 27.6 kV DEDICATED FEEDERS WITH CUSTOMER PEAK LOAD RANGING
FROM 18 MVA TO 28 MVA.

4) INTERLOCK 81 TO B1: PERMITS A MAXIMUM OF TwWD BREAKERS/TIE SWITCHES TO BE CLOSED.

KEY TRAPPED IN SWITCHGEAR: TWO MNO. 1 KEYS.
TORONTO HYDRO SHALL RETAIN: THREE NO. 1 KEYS.
51 SWITCHGEAR (PAD-MOUNTED. SF&. PMH-11 CONFIGURATION) INSTALLED AT CUSTOMER PREMISES.

SKETCH 1 (H-2)
TYPICAL SINGLE LINE DIAGRAM

LEGEND: DEDICATED INCOMING CIRCUITS: CIRCUIT BREAKERS (SPLIT-BUS)
SEE SKETCH 1(A-1) OUTGOING CIRCUITS: CIRCUIT BREAKERS
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TOROWTO HYDRO IHCOMING FEEDERS

511z
S1N:
a7L1
g4z
BD:
05:

TIME OVERCURREMWT FHASE FROTECTIOM

TIME OVERCURRENT GROUND FAULT FROTECT 1ON
LINE DIFFERENTIAL PROTECTION

TRIF RELAY

BUS DIFFERENT 1AL

DISCONMECT SW1TCH

_-—.-"A-‘--‘—-_
~ S
I I I
A A A
TOROMTO HYDRO A A
4 DIRECT 3 |DIRECT DIRECT
[ere i | Lo Famnsren LB | D24 Jipinsren LEn h L 22 JRansren
OWHERSH [P | | TRIP ] | TRIFP 1 1 TRIP
'|EE-HA-RE.|I-'I'TI:EI-!-'-- "': """"" ':"""'I """""" 'I"""'lf """"
I [ ] | 1 1
| | I | | I
I s 1 %05 I 05
CUSTOMER | 1 ] lBuS | 1
| | [} [ | I
| BUs N \DIFFERENT AL | BUS
——b_=pB0 _DIFFERENTIAL _ _, _ _|-pB0 _(ZOWE 2 ___ ____ d- - j=gH0_ DIFFERENT 1AL
AR |ZONE 1 ,}“F i 7 | "\L | 120N 3 |
I | | 1
| IRIE SR TRIp A oRIA @THIFI I TRIF 2 1ripy |
—— — = I —_—— - I .\. —— p—t— —
! ! k- P ! A ! |
| 1 L INE ’ ! TLII*E o ! LIME |
i [50/51_LpiFrementiaLs | [50/51 piFFERential v [50/3LL L piFreRenTiaL
L Fzone 1 4 | LLSIN I0NE 2 i A - L ZONE 3 |
& = & i & i a
| R B¢ erppl®  L=P- B0, aeo P .
! rL il @ } JI !
| |
| ™ |
| EGIER E0/51 L : B0/51 50751 : L5 [50051 5051 i
: FS51H FS51H R =11, SSIN e FEI1N FE1N :
e hB0 ___ B0 ___ Jeo__h80___ 40 T BD ___ B __
FEEDER FEEDER FEEDER FEEDER FEEDER FEEDER
LEGEND:
50: INSTANTANEDUS PROTECTION

SKETCH 1 (I-1)
TYPICAL SINGLE LINE DIAGRAM

INMCOMING CIRCUITE: PILOT WIRE PROTECTED CIRCUIT BREAKERS
OUTGOING CIRCUITS: CIRCUIT BREAKERS
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STREET LINE == ============
TORONTO HYDOROD
INCOMING FEEDERS
CUSTOMER PROPERTY —1
so0 & | [600 a P TEE T T

&00 & 600 A

P11 556 ] GEE noe 2
SEE MOTE 2 mM.C. LT o W[ TCHGE AR M- C. Ns Ol
INSTALLATION &T
CUSTOMER PROPERTY
TORONTO HYDRO [T H.C.
i o
_{OWMERSMIP 600 { _____________________ 0l
DEMARCAT [ DM
| |
CUSTOMER "-" M.C. M.C J’

METER [NG
[ WHERE AFFL [CABLE)

METERING
| WHERE &FPL ICABLE )

50/51 SiM SiM 5051

o4

O
o4 SIN
SKETCH 1 (J-1) PAGE 1 OF 2
TYPICAL SINGLE LINE DIAGRAM
LEGEND: TWO INCOMING CIRCUITS WITH REMOTE RESTORATION
SEE SKETCH Tia-1) FOR PEAK LOADS FROM 9 MVA TO 133 MVA
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MOTES:

11 THIS SKETCH [5 APPLICABLE FOR 27.6 KWV SYSTEM WITH CUSTOMER PEAK LOAD RANGIMG FROM 3 MYA
TO 13.3 VA, CUSTOMER LOAD SHALL WOT EXCEED 13.3 MVA.

Z) SWITCHGEAR [PAD-MOUNTEDs 5FBs PWMH=11 CONF [GURATIOM} INSTALLED AT CUSTOMER FREMISES.

Jv A TIME RELAY DELAY OF 1 SEC AFTER EMERGIZATION [3 REQUIRED FOR CBZ« WHERE AGLGREGATE OF
T1 aND T2 2 10 WMVA.

40 Max M TRANSFORMER S12E SHALL BE LIMITED TO 10 wva. OMAN.

S INTERLOCK A2 TO D2: PREVEWTS THE FUSE COMPARTMEMT DOOR FROM BE [WG OPENED WHILE THE

PRECEDING SW]TCH [5 CLOSED.

INTERLOCE &1 TO 81z PERMITS A MAX[MUM OF TWD BREAKERS/TIE SWITCHES TO BE CLOSED.

KEY TRAFPED [N SW]TCHGEAR: TWO WO. 1 KEY3.
TORONTO WYDHRO SHALL RETAIN: THREE WO. 1 EEY3.

SKETCH 1 (J-1) PAGE 2 OF 2
TYPICAL SINGLE LINE DIAGRAM
LEGEND: TWO INCOMING CIRCUITS WITH REMOTE RESTORATION
SEE SKETCH 1tA-11 FOR PEAK LOADS FROM 9 MYVA TO 13,3 MVA
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STREET LINE = =======-===== TORONTD HYDRD
INCOMING FEEDERS
CUSTOMER PROPERTY —
ban_A SPLICE VALLT BOD A
PMH-9 SFE w1 TCHGE A PMH-3 SF&
SEE MOTE 2 SEE MOTE 2
M.C. H.C. INSTALLATION AT  M.C. . 0.

CUSTOMER PROFPERTY
EASEMENT MAY

TOROWMTO MYDRO BE RECQUIRED
ﬁ\ i q\ i
g‘g 200 A 200 &
_pOWMERSMIP T e e P e e e
DEMARCAT [N
] )
CUSTOMER  METERING N.C N.C. NETERING

[WHERE APPL ICABLE? I WHERE APPLICABLE

0450 SEN SN 50781
l---J L-i
i I s
e [F-=--! '=--11 cez

\';\CV ¢ SEE WOTE 3
T

UP TO 9 Mva —
- Qs smt;u 1?-
[ [
I 1
| L.

i
VB _1| M.C. M.C. 2 B
i Y e i

up TD 5 MY &
(1)

1 J ' 0 - 1
o
Lh==-5
) O
Bg1 Sim

SKETCH 1 (J-2) PAGE 1 OF 2
TYPICAL SINGLE LINE DIAGRAM
LEGEND: TWO INCOMING CIRCUITS WITH REMOTE RESTORATION
SEE SKETCH 10a-1) FOR PEAK LOADS BELOW 9 MVA
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NETEE:

T4 THIS SKETCH [5 APPLICABLE FOR 27.6 k¥ SYSTEM WITH CUSTOMER PEAX LOAD BELOW 9 Mva. CUSTOMER
LOAD SHALL WOT EMCEED 9 MVA.

Z) SWITCHGEAR [PAD-MOUNTED. 5FGE. PMH=3 CONFIGURATION) INSTALLED AT CUSTOMER PREMISES.

b & TIME RELAY DELAY DF 1 SEC AFTER EMERGIZATIOW [5 REQUIRED FOR CBZ. WHWERE ACGCREGATE OF
T1 aMD T2 2 10 MVA.

4 W M TRANSFORMER S12E SHALL BE LIMITED TO 9 Mva.

S0 INCOMING FEEDERS MAY ORIGIMATE FROM THE SaMmE STAT|OM BREAKER.

&) INTERLOCK A2 TO D2:  PREVENTS THE FUSE COMPARTMENMT DOOR FROW BE[NG OPENED WHILE THE

PRECEDING SWITCH [5 CLOSED.

INTERLOCK 81 TO B1: FERMITS A MAXIMUM OF TWD BREAKERS/TIE SWITCHES TO BE CLOSED.

KEY TRAFPPED I[N SWITCHGEAR: TWO WO. 1 KEYS.
TORONTO HYDRO SHALL RETAIN: THREE MNO. 1 KEYS.
Th KIRKE KEYS SHALL BE EMPLOYED FOR IWCOMIMG LOADBREAE SWITCHES. FOR DOWMSTREAM SW|TCH-FUSE

COMBIMATIONS. ®]RK KEYS ARE ALSO PREFERRED. HOWEVER OTHER MECHAN[CAL METHODS OF |WTERLOCK NG

MAY ALSD BE EMPLOYED W[TH PRIOR TOROKTO HYDRD APPROVAL.

SKETCH 1 {J-2) PAGE 2 OF 2
TYPICAL SINGLE LINE DIAGRAM

SEE SKETCH 10(A=1)

LEGEND: TWO INCOMING CIRCUITS WITH REMOTE RESTORATION

FOR PEAK LOADS BELOW & MVA

Conditions of Service, Section 6 — Reference #4

Page 66 of 76



Requirements for the Design & Construction of Customer-Owned High-Voltage Substations

TORONTO HYDRO
INCOMING FEEDERS

STREET LINE === === === === ————.
600 A | | 600 A
i SEE NOTE 8
TOMER PROPERTY A/”/,/ﬂ__
CUSTOMER PROPE vee. @l er | x.o.
PMH-9 SF6 INSTALLATION AT
SEE NOTE 2 CUSTOMER PROPERTY
EASEMENT MAY
TORONTO HYDRO A A BE REQUIRED
200 A 200 A
OWNERSH [P
DEMARCAT [ON
A A
CUSTOMER £ L
N.C. N.C. METER ING

METERING
(WHERE APPLICABLE)

NS
- V&X%J
UP TO 9 MVA
-0 QSN
Ll
I

50/51 51N

—Q o

[

N I

81 -

(WHERE APPLICABLE)

S1N 50/51
o @
L.
I o~
l—— -7 cB2
N/ SEE NOTE 3

T2
50/51 UP TO 9 MVA
51N O
I_J/%/\
|
Loy

50/51 51N

LEGEND:
SEE SKETCH 1(A-1)

e

SKETCH 1 (J-3) PAGE 1 OF 2
TYPICAL SINGLE LINE DIAGRAM
TWO INCOMING CIRCUITS WITH LOCAL RESTORATION
FOR PEAK LOADS BELOW 9 MVA
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NOTES:

11 THIS SKETCH IS APPLICABLE FOR 27.6 kV SYSTEM WITH CUSTOMER PEAK LOAD BELOW 9 Mmva. CUSTOMER
LOAD SHALL NOT EXCEED 9 Mva.

2) SWITCHGEAR (PAD-MOUNTED. SF&. PMH-11 CONF [GURATION) INSTALLED AT CUSTOMER PREMISES.

3) A TIME RELAY DELAY OF 1 SEC AFTER EWNERGIZATIOW 15 REQUIRED FOR CB2. WHERE AGGREGATE OF
T1 AND T2 2 10 MVA.

41 MAXIMUM TRANSFORMER SIZE SHALL BE LIMITED TO 9 MvaA.

51 INCOMING FEEDERS MAY ORIGIMATE FROM THE SAME STATIOM BREAKER.

&) REMOTE SWITCHING/RESTORATION WITH SCADA 15 OPTIONAL FOR TRANSFORMER LESS THAN 5§ Mva.

71 INTERLOCK A2 TO D2: PREVENTS THE FUSE COMPARTMENT DDOR FROWM BEING DOPEMED WHILE THE

PRECEDING SWITCH IS CLOSED.
INTERLOCK B1 TOD B1: PERMITS A MAXIMUM OF TWO BREAKERS/TIE SWITCHES TO BE CLOSED.
KEY TRAPPED IN SWITCHGEAR: TWO NO. 1 KEYS.
TORONTD HYDRO SHALL RETAIM: THREE NO. 1 KEYS.

8) IF INCOMING FEEDER [S PART OF LOOP SUPPLY. THEM SWITCH STATUS SHALL BE N.C. AND EASEMENT
WILL BE REQUIRED.

9) KIRK KEYS SHALL BE EMPLOYED FOR [MCOMING LOADBREAK SWITCHES. FOR DOWNSTREAM SWITCH-FUSE
COMBINATIONS. KIRK KEYS ARE ALSD PREFERRED. HOWEVER OTHER MECHANICAL METHODS OF INTERLOCK ING
MAY ALSO BE EMPLOYED WITH PRIOR TORONTO HYDRO APPROVAL.

SKETCH 1 (J-3) PAGE 2 OF 2
TYPICAL SINGLE LINE DIAGRAM
LEGEND: TWO INCOMING CIRCUITS WITH LOCAL RESTORATION
SEE SKETCH 1tA-1) FOR PEAK LOADS BELOW 9 MVA
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CABLE ?
TRENCH

CABLE ?

k

TREMCH

y CETL NG y CEILING
Lz /777

-—— S5EE NOTE 2

460

~——5EE NOTE 3 -

%
&00

YRR WAV
EIGURE 3 EIGURE 4
X A
FILC | XLPE | XLPE LEGEND

ChBLE SIZE[15 kWIS kVH2E k) I STRAIM RELIEF CONNECTOR

21,0 350

#2/0 610 | CLASS 1 CABLE TERMINATION (POTHEAD)

#3/0 300
350 RCMIL 129 CLASS 1 CABLE TERMIMATION
500 KCMIL| 830 | 400 é (COLD SHRINK DR HEAT SHRINK KIT)
1000 KCMIL 680

NOTES:

1)} ALL DIMENSIONS ARE 1M MILLIMETRES.

21 DIMENSION SHOWN [5 ALLOWANCE FOR RACKING CABLES TO CEILING

31 HIGH VOLTAGE CABLES IN THE CUSTOMER WVAULT SHALL BE GUARDED BY BARRIERS. CABLES BARRIERS OR
CABLES TRENWCH ACCESS HATCHES SHALL HAVE PROVISIONS FOR PADLOCKS.

SKETCH 2
TORONTO HYDRO INCOMING FEEDER TERMINATIONS
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ol Moa 9H I g 4 5asM 3 o
I ~— oy Nui\-j | i) <} <F(uf ) [¥e) ~p—
O S—
12 p q q @ b <
i @ 9 - 4
‘ R 46
127 $ <EET —f; 4 254
189
194 Q} ‘ﬁ}“*“% {1}
Za R N & sl
ALL HOLE @16
743

MOUTING PLATE (6 mm THICK)

o |
S & P ) ¢ @ &1
(R WP . 4 184 254
T Mk 5 $ $ + + @ {35

‘ ALL HOLE @ 14 ]

s 573 37

MOUNTING PLATE GASKET (3 mm THICK}

POTHEAD
POTHEAD GASKET
MOUNTING PLATE
______7’//////ﬁ7MOUNTING PLATE GASKET
e ),//////ﬂ“SWITCHGEAR
! ————————————— L~
‘\\\\\\\‘——PDTHEAD GASKET
PDTHEAD
DETAIL A
NDTES:
1) ALL DIMENSIONS ARE IN MILLIMETRES.
SKETCH 3

POTHEAD MOUNTING PLATES AND GASKET STANDARD
{FOR TOP ENTRY TERMINATION)

Conditions of Service, Section 6 — Reference #4 Page 70 of 76




Requirements for the Design & Construction of Customer-Owned High-Voltage Substations

13 mm DIA.
COPPER ROD

T

\
/

™~
-

///——BRAZE FULL LENGTH

ORILL FOR MOUNTING
CON THE JOB

SRS

r~——~————-76 Mﬂ———————w

)

\

COPPER RQD AND
FLAT COPPER TQ BE
FLUSH ON THE ONE SIDE

ROUND QFF ALL SHA;:\\L—T mm X 51 mm X 76 mm

CORNERS AND EDGES FLAT COPPER

FRONT VIEW

NOTE :

1) SILVER PLATE COMPLETED GROUND STIRRUP ASSEMBLY.

SIDE VIEW

SKETCH 4 (A-1)
GROUNDING STIRRUP
ANGLED
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76 mm
13 mm DIA.
///' ‘\\<//ﬁCDPPER ROD
. /,ﬁ\\
N
76 mm
///r—BRAZE FULL LENGTH
// -
|
COPPER ROD AND — |
FLAT COPPER TO !
DRILL FOR BE FLUSH ON THE |
MOUNT NG 51 mom ONE SIDE [
ON THE JOB
1
i
1
ROUND OFF ALL SHAR;\\\¥7 mm x 76 mm x 51 mm
CORNERS AND EDGES FLAT COPPER

NOTE:

1) SILVER PLATE COMPLETED GROUND STIRRUP ASSEMBLY.

SKETCH 4 (B-1)
GROUNDING STIRRUP
STRAIGHT
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A.C. SINGLE LINE
CUSTOMER SWITCH CEAR

OVERCURRENT PROTECT |OM
INSERT &

A A A
A snss-A T T T .
Foete R D PR T I I 5:".
L.,

Cl
Toecd § e Tl (e Lo 8 .
= I i

Fu Fu
Frdew L
| A A 8
T 2.-'4-1'|'
A L TTTTTT
SEAL-IN UNIT
::ﬁu:”m; ;:EE::"G INDUCTIOM UNIT
INTERLOCK BY-FPASS SWITCH SEREAKER CELL SWITOHES SELECTOR SWITCH
THES INTERLOCK |BREAKER POSIT[ON| CONTACT | W&MUAL | AUTOD
CONMTACT | MORMAL [BY-Fass CONTAET | TEST | OPERAT MG == X
—= 1 x = 1 X —Hi— X
— z b e | 2 K o | L
= |= 3 X == 3| x == b
= 4 i == 4 k] == X
—A by
1} OME KEY REQUIRED FOR BOTH FEEDERS. —a X
21 KEY REPT [N A SEPARATE CABINET AND - = q

AVATLABLE TO TOROMTO HYDRD ONLY FOR
“BY=PASS" |PARALLEL ING! OFERATIOM.

3 wWITHOUT KEY - “NORMAL " [ND PARALLEL IMG
ALLOWED .

WOTES:

1) SCHEME MWAY BE USED WITH MOTOR OPERATED LOAWDBREAK SWITCHES [MSTEAD OF CIRCUIT BREAKERS.

21 TD-1 AND TD-2 SHALL HAWE GREATER TIME SETTING THAM 2T-1T AMD 27-2T.

%) OVERCURRENMT RELAYS ARE REQUIRED WHICH SHALL BE CAFABLE OF DETECTIMG ALL 3.8 kY FAULTS
O THE CUSTOMER'S EQUIPMEMT AMD STOP THE TRANSFER OPERATIOM. PREVEMTIMG THE TRANSFER
OF FAULTY EQUIPHENT OM T THE ALTERMATE SUPPLY FEEDER.

== 4} CONTACT "2" |5 FOR BREAKER 52-1 AND "4% 15 FOR BREAKER 52-2.
® 5) OMIT THESE COMTACTS |F LOADBREAE SWITCHMES ARE USED IM LIEW OF CIRCUIT BREAKERS.

LEGEMND
2 BREAKER TRIP COIL o] INDICATING LIGHTS
52-1-CS  CONTROL SWITCH BRKR. -1 2T-1TH.-2TK AUKIL[ARY RELAYS
G2-1 CIRCUIT BREAXER NO. 1 To-1sT0-2  TIME DELAY RELAY (0-20 SEC. DELAY

533 CIRCUIT BREAKER MO. 2 ON PAUN ELIMINATES RACING OF SERIES
CONTACTS OF 27-1TH & 27-2Tx UPON

£T-1.-2 VOLTAGE SENSING RELAYS BETURN OF POWER AFTER & TOTAL
EZT=1Te=27 DO=10 SEC. TIME DEL&AY TO [NMITIATE TRAMSFER INTERRUPT [OM

BE=1.-2 LOCEOUT RELAYS. MANUALRESET

SKETCH 5 (A-1) (PAGE 1 OF 2)
FOR ADDITIOMAL LEGENDS TYPICAL AUTOMATIC LOAD TRANSFER SCHEMATIC
SEE SKETCH 11a-11 FOR 13.8 kW SYSTEM
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a3
M
INSERT
A -
f— 27T
52-1-CS b
TRIP
> —— 61
a
z T Ol
g # I
3 .1
= 271 27-1] 21=1]%i=t
= b b a a
(=]
(5] TD-PU TD-PU
O O
86-1 27171 27-1T%| 3D
—£ 861 —
e Tee=t
a
BREAKER 1 (52-1)
—L a3
T M
INSERT
A j—
= 27-27
S52-2-C%
TRP
> 862
z I O
pn
v ;%5 A1
g T
& 2r=2 27-2 | 27-=2)2i=2
= b b a a
8 TD~PU TD-P}
O O C
86-2 27-2T {27-2TX|TD-2
—aez -
b Toz
a
BREAKER 2 {52-2)
NAC: NORMALLY ALWAYS CLOSED
FOR A.C. SINGLE LINE, LEGEND AND NOTES: SEE SKETCH 5 (PAGE 1 OF 2)
SKETCH 5 (A-1) (PAGE 2 OF 2)
FOR ADDITIONAL LEGENDS TYPICAL AUTOMATIC LOAD TRANSFER SCHEMATIC
SEE SKETCH 1¢A-1) FOR 13.8 kV SYSTEM
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SEE NOTE 5——/”i:>> £

NOTES:

1} ALL DIMENSIONS ARE IN MILLIMETRES.

2) NON-SLIP RUBBER MAT INSTALLED GN TGP OF PLATFORM.

3) 19 mm PLYWOOD CONSTRUCTION OR CSA CERTIFIED WORK PLATFCRM AS PER REQUIREMENTS
OF SECTION 3.18.3.

43} PLATFORM SHALL BE LEFT IN THE STATION. BOTH ENDS OF PLATFORM SHALL BE MARKED
“TORONTO HYDRO - B0 NOT REMOVE”.

5) PROVIRE OPENINGS ON QPPOSITE SIDES OF PLATFORM FOR HANDLING PURPOSE.

6) REFER TO SECTION 9.18.3 FOR REQUIREMENTS ON ALTERNATIVE PLATFORM.

SKETCH 6
TORONTO HYDRO WORK PLATFORM
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Arc Flash and Shock Hazard
Appropriate PPE Required

ARC FLASH PROTECTION

Working distance: ___mm System Voltage: _ Vac
Incident energy: ___callem?

ArcFlash Boundary: __ m

PPE minimum arc rating: ____ cal/cm?

Manufacturer Name: company XYZ

Equipment Identification: eg. SWGR-P2C

Station and Feeder Designation: e.g. Windsor A-19-WR

Arc Flash Analysis by: Organization name MM/DD/YYYY
Calculations based on: |IEEE 1584 or Lee methods

SKETCH 7
ARC FLASH SIGN
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