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1 INTRODUCTION

This Water and Waste Department Electrical Design Guide is intended to serve as a reference for
consistent design of new electrical systems for City of Winnipeg owned facilities. This document
provides design requirements to department personnel, as well as external design engineers,
regarding electrical design standards and requirements.

1.1 Scope of the Standard

These design requirements will apply to the following facilities:

Water treatment plants

Water pumping stations

Wastewater treatment plants

Flood pumping stations

Wastewater lift pumping stations

Land drainage and underpass pumping stations.
Other collections facilities including pumping.

1.2 Application

The scope and intent of this document is to convey general design guidance regarding electrical
systems at Water and Waste Department facilities. This document addresses specifics related to
equipment type, selection, and configuration; however the designs are presented without knowledge
of the specific process implementation. It is not within the scope of this document to provide detailed
design direction, and it will be the responsibility of the respective system designers to fully develop
the electrical design details with general conformance to the concepts presented herein. This
standard shall not be construed as comprehensive engineering design requirements or negate the
requirement for professional engineering involvement. Any design must be executed under the
responsibility and seal of the respective engineer in each instance, and must be performed in
conformance with all applicable codes and standards, as well as good engineering practice.

Where significant deviations from this standard are deemed to be appropriate by the design engineer,
these shall be approved by the City. As technology evolves and new application requirements are
identified, it is recommended that this document is updated to ensure that it remains relevant and
applicable.

Existing facilities do not necessarily comply with this standard. The expectations regarding
application of this standard to new designs at existing facilities must be assessed on a case-by-case
basis; however general guidelines for application are presented as follows:

. All new designs, not related to an existing facility, are expected to comply with this standard.
All major upgrades to a facility, or a larger facility’s process area, are expected to comply with
this standard, however in some cases compromise with the configuration of the existing
facility design may be required.

. All minor upgrades shall use this guide as far as practical for new equipment, however in
some cases compromise may be required to accommodate the configuration of the existing
facility design and installation, which will be retained after an upgrade.
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1.3 Document Revisions

Wastewater Planning and Project Delivery Branch (WWPPD) will issue revisions to the document on
an as required basis. WWPPD will send out an email requesting review and comments by the division
list below.

All proposed revisions shall be circulated to the following divisions and branches:

o Water Services Division
e Wastewater Services Division
e Solid Waste Services Division
¢ Engineering Division
0 Asset Management Branch
Design and Construction Branch
Drafting and Graphic Services Branch
Land Drainage and Flood Protection Branch
Wastewater Planning and Project Delivery Branch
Water Planning and Project Delivery Branch

O0O0OO0O0

After comments are incorporated into the finalized draft, WWPPD will send a copy of the approved
PDF to the Business Communications Coordinator for upload to the Water and Waste Department
Website.

1.4 Definitions

A Amperes

ATL Across-the-Line

ATS Automatic Transfer Switch

AWG American Wire Gauge

BIL Basic Impulse Level

CCTV Closed Circuit Television

CPT Control Power Transformer

CT Current Transformer

CSA Canadian Standards Association
CSO Combined Sewer Overflow

DC Direct Current

DCS Distributed Control System

DOL Direct-On-Line

EMT Electrical Metallic Tubing

E-Stop Emergency Stop

E&l Electrical and Instrumentation
FAT Factory Acceptance Test

FVNR Full Voltage Non-Reversing (Starter)

GFCI Ground Fault Circuit Interrupter
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H,S Hydrogen Sulfide

HMI Human Machine Interface

HOA Hand — Off — Auto (switch)

hp Horsepower

HPS High Pressure Sodium

HVAC Heating Ventilation and Cooling

I/O Input / Output

IEC International Electrotechnical Commission

IEEE Institute of Electrical and Electronics Engineers

kemil Thousand Circular mil (cable size)

kVA Kilovolt-Amperes

kVAR Kilovolt-Amperes Reactive

kW Kilowatt

LC Lucent Connector (fibre)

LED Light Emitting Diode

MCB Moulded Case Circuit Breaker

MCC Motor Control Centre

MCM Thousand Circular Mil (old version — utilize kemil for new projects)

MH Metal Halide

MMC Motor Management Controller

MTBF Mean Time Between Failure

MV Megavolt

MVA Megavolt-Amperes

MW Megawatt

NEMA National Electrical Manufacturers Association

NFPA National Fire Protection Association

NGR Neutral Grounding Resistor

PA Public Address

PDF Portable Document Format

PID Proportional Integral Derivative

PLC Programmable Logic Controller

PFC Power Factor Correction

PT Potential Transformer

PVC Polyvinyl Chloride

RMS Root Mean Square

RTD Resistance Temperature Device
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RW90 Rubber-insulated building wire, 90°C rated

SCADA Supervisory Control and Data Acquisition

SCCR Short Circuit Current Rating

TDD Total Demand Distortion

Teck90 PVC jacketed armoured cable, 90°C rated

TEFC Totally Enclosed Fan Cooled

THD Total Harmonic Distortion

TVSS Transient Voltage Surge Suppressor

Unit Substation As Defined in Section 6.130f this Design Guide

UPS Uninterruptible Power Supply

uv Ultraviolet

V Volts

VA Volt-Amperes

VAC Volts Alternating Current

VDC Volts Direct Current

VFD Variable Frequency Drive

VRLA Valve Regulated Lead Acid

WSTP Winnipeg Sewage Treatment Program

XLPE Cross-linked polyethylene insulation
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2 GENERAL
21 General Design Requirements

General design requirements are as follows:

1.
2.

2.2

2.21

All designs will comply with municipal, provincial, and national codes and bylaws.

All electrical systems, materials, and equipment will be of a type and quality intended for use
in a permanent water or wastewater facility as appropriate. Industrial-grade design
requirements apply.

The electrical systems will provide proper protection, continuity of service and a safe working
environment.

All electrical systems and equipment will be designed and configured with due regard for the
associated specific process and nature of installation. Standard commercial-grade practices
will not be adequate unless specifically permitted in this design guide.

Designs will incorporate the principle that change will be a constant and inevitable fact within
facilities. All systems will be constructed so as to facilitate this change while minimizing the
cost of change and the amount of interruption to the operation of the facility. Electrical rooms,
equipment and system control panels are to have extra space and provisions for future
expansion.

5.1 Designs will clearly demonstrate the concept for serving the future expansion. For
example: future electrical distribution equipment should be shown dotted in the extra
space in electrical rooms and spare capacities allowed for in the main equipment
(transformers, diesel generators, UPS, and associated switchboards and
panelboards) for the future expansion should be separately identified in the
equipment sizing calculations.

Electrical systems and equipment will be designed and installed in a coordinated fashion. The
design will take advantage of current best available proven technology and provide reliable
electrical systems performance for the current project and into the future.

Unless approved by the City, 4160 V equipment will not be located below grade. This will
include but not limited to:

71 Transformers with primary voltage 4160 V or higher
7.2 Switchboards

7.3 Distribution Equipment

7.4 VFD’s

References

General

Where this document, codes, standards, and other referenced documents differ in content, the most
stringent shall generally apply.
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222 City of Winnipeg Standards

In addition to any other City of Winnipeg standards, the following standards shall be used:

. Water and Waste Department Identification Standard

o WSTP Automation Design Guide

223 Codes and Standards

API American Petroleum Institute

CSA Canadian Standards Association

NBC National Building Code (as applicable to Manitoba)

CEC Canadian Electrical Code (modified by Winnipeg regulations)

cUL Underwriters Laboratories (approved for compliance with Canadian Electrical Code

ANSI American National Standards Institute

IEC International Electrotechnical Commission

IEEE Institute of Electrical and Electronic Engineers

NFPA National Fire Protection Association

ULC Underwriters Laboratories of Canada

NEMA National Electrical Manufacturers Association

NETA InterNational Electrical Testing Association

IES llluminating Engineering Society

ICEA Insulated Cable Engineers Association

IEC International Electro-technical Commission

ISA International Society of Automation

ISO International Organization for Standardization

TIA Telecommunications Industry Association

WSHA The Workplace Safety and Health Act (Manitoba)

224 Design Codes and Standards

Ensure all designs shall comply with municipal, provincial, and national codes and bylaws. This
includes but is not limited to:

) Canadian Electrical Code
o Manitoba Electrical Code
. Winnipeg Electrical Bylaw
. Manitoba Building Code (National Building Code of Canada with Manitoba Amendments)

o Manitoba Energy Code / National Energy Code
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In addition, ensure all designs comply with the following standards:

CAN/CSA C282 Emergency Electric Power Supply for Buildings

CSA 7462 Workplace Electrical Safety (2462)

IEEE 1584 Guide for Performing Arc—Flash Hazard Calculations (IEEE 1584)

IEEE 141 IEEE Recommended Practice for Electric Power Distribution for Industrial

Plants (IEEE 141, or the Red Book)

IEEE 241 IEEE Recommended Practice for Electric Power Systems in Commercial
Buildings (IEEE 241, or the Grey Book)

IEEE 242 IEEE Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems (IEEE 242, or the Buff Book)

IEEE 399 Recommended Practice for Industrial and Commercial Power System
Analysis (IEEE 339, or the Brown Book)

IEEE 519 Recommended Practice and Requirements for Harmonic Control in
Electric Power Systems

IEEE 551 IEEE Recommended Practice for Calculating Short—Circuit Currents in
Industrial & Commercial Power Systems (IEEE 551, or the Violet Book)

IEEE 1015 Recommended Practice For Applying Low Voltage Circuit Breakers Used
in Industrial and Commercial Power Systems (IEEE 1015, or the Blue
Book)

IEEE 1250 IEEE Guide for Identifying and Improving Voltage Quality in Power
Systems

ANSI / IEEE C37.10 IEEE Application Guide for AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis (IEEE C37.10)

ANSI / IEEE C37.13 IEEE Standard for Low-Voltage AC Power Circuit Breakers Used in
Enclosures (IEEE C37.13)

2.25 Units

All drawings and documentation shall use the International System of Units (Sl units). Imperial units
will be provided in parenthesis after the metric unit, where requested or appropriate. Exceptions are
as follows:

1. Electrical conductor sizes are to be shown using units of AWG or kcmil and the wire size is not to
be preceded with the number sign (#). For example: 14 AWG or 250 kcmil.

2. Arc flash energies are to be expressed in cal/cm?

3. Motor power is to be expressed on all drawings and formal documents with both metric and
imperial units. For example: 37 kW (50 hp).
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2.3 Identification

All equipment shall be given an identifier that conforms to the latest version of the City of Winnipeg
WWD lIdentification Standard. All equipment shall be identified on the drawings, documentation in the
field and in software, where applicable, with the same identifier.

2.31 Identification Lamacoids
1. All lamacoids to be 3 mm thick plastic lamacoid nameplates, white face, black lettering.
2. Mechanically attach with self-tapping stainless steel screws. Where mechanically fastened

lamacoids will compromise the enclosure rating ot the electrical equipment or are not
practical adhesive such as 3M 467MP is allowable.

Apply lamacoids as per Table 2-1. Additional information shall be provided where required.

Provide warning and caution lamacoids in conformance with the latest requirements of the
CEC. Lamacoids will have white lettering on a red background.
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Table 2-1 : Lamacoid Requirements

Application

Text Size

Text

Electrical Equipment - General

5mm

Line 1: Identifier

Circuit Breaker - Separate

5mm

Line 1: Identifier

Line 2: Load: Load Identifier

And if Load Identifier not clear:
Line 3: Load Description

Disconnect Switch - Separate

5 mm

Line 1: Identifier

Line 2: Load: Load Identifier

And if Load Identifier not clear:
Line 3: Load Description

Fire Alarm Devices

8 mm

Line 1: Identifier

Light Switches

3 mm

Source Panel and Circuit Number

Motor Control Centre

8 mm

Line 1: Identifier

Line 2: Description (Optional)
Line 3: System Voltage

Line 4: Fed By

Motor Starter or MCC Bucket

5 mm

Line 1: Load ldentifier
Line 2: Load Description
And where applicable:

Line 3: One of # sources of
electrical power (where more than one
source of power feeds the equipment)

Panelboards

8 mm

5mm may be
used for space

Line 1: Identifier
Line 2: Description (Optional)
Line 3: System Voltage

limitations Line 4: Fed By
. Line 1: Identifier
Protection Relays 5 mm Line 2: Description
Receptacles 3 mm Source Panel and Circuit Number
Line 1: Identifier
: Line 2: Description (Optional)
Switchgear 8 mm Line 3: System Voltage
Line 4: Fed By
: . Line 1: Load Identifier
Switchgear Breaker or Switch 8 mm Line 2: Load Description
Line 1: Identifier
Transformer — Indoor 8 mm Line 2: Rating, System Voltage
Line 3: Fed By
Line 1: Identifier
Transformer - Outdoor 10 mm Line 2: Rating, System Voltage

Line 3: Fed By
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3 DESIGN REQUIREMENTS

3.1 Service Conditions
1. Minimum requirements for service conditions applicable to all outdoor electrical installations
are as follows:

1.1 Minimum Temperature: -40°C
1.2 Maximum Temperature: 40°C

3.2 \Voltage Levels

3.21 System Voltage Levels

The acceptable system voltage levels to be utilized are shown in Table 3-1. See Section 7.2
regarding the relationship of motor voltage levels to system voltage levels. Note that the supply
voltage level may be dependent upon the utility.

Selection of a higher voltage over a lower voltage shall be utilized where:

1. The required current levels at the lower voltage are high (> 2000 A);
2. The utility is unable to supply the required power at the lower voltage; or
3. The potential arc flash energies at the lower voltage are at dangerous levels (> 40 cal/cm2).

3.3 System Configuration Concepts

The electrical system configuration for a facility is typically selected in the early planning stages for
design. This section presents various system configuration concepts to guide the designer in typical
configurations that may be applicable to the project at hand. Note that a facility could potentially use
multiple concepts from the proposed configurations. For larger facilities, it is expected that the overall
system configuration will be complex, and will not necessarily be categorized in the indicated
configurations.

Notes:

1. The system distribution must always be designed by a professional engineer registered in the
Province of Manitoba. The indicated system configurations are typical and are not necessarily
appropriate for all installations. Detailed review of the specific constraints and risks associated
with the particular application must be performed to identify potential modifications or additions
required to the proposed system configurations.

2. The term “standby generator” is utilized in this section to represent a generator that is not rated
for continuous duty. If the generator is utilized to power life-safety systems, it must be
designated as an emergency generator, as discussed in Section 11.
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Table 3-1 : Acceptable System Voltage Levels

Line-to-
\Llionlfage Application | Notes
Level
Supply Receive bulk power from the utility at large facilities
66 kV Distribution Not recommended to be typical.
Utilization Not applicable.
Supply Receive bulk power from the utility at medium to large sized facilities.
1247k | Disibuton | Pefered vollagefordittuton al new ge facilies, wih
Utilization Motor loads > 1500 kW (2000 hp). Not expected to be typical.
Supply Receive bulk power from the utility at medium sized facilities.
For in-plant distribution at a medium to large sized facility, with
4.16 kV Distribution cumulative distribution capacity in the approximate range of 1.5t0 7.5
MVA
Utilization For powering motor loads 260 kW — 1500 kW (350 hp to 2000 hp)
Supply g(l;%fgl;(r\e/isupply voltage for small to medium sized facilities up to
600 v Distribution For in-plant distribution over short distances, up to 2 MVA.
Utilization Preferred voltage for motors 0.37 kW (0.5 hp) to 260 kW (350 hp).
Supply Not recommended.
480 V Distribution Not recommended.
Utilization V\/_h_ere. required to feed specific equipment only available with a 480 V
utilization voltage.
Supply Acceptable supply voltage for small facilities (< 50 kVA load)
Distribution Not recommended.
208/120 V Fractional horsepower motors, lighting, and other small misc. plant
Utilization loads. Preferred over 120/240 V 10 systems in facilities with 3Q
distribution systems.
Supply Acceptable supply voltage for small facilities (< 30 kVA load)
1%0/240 v Distribution Not recommended.
Utilization Fractional hp motors, lighting, and other small misc. plant loads.
Note:
1. There will be exceptions to the above table. Exceptions are to be reviewed and approved on

a case-by-case basis.
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3.31 Configuration A - 208/120 V

Configuration A, which is a simple system with 208/120 V supply from the utility, is only applicable to
the smallest of facilities. It would typically only be utilized for small buildings without any significant
loads. A single phase 120/240 V service could also be considered where no significant motor loads
are present. A single line diagram is shown in Figure 3-1.

Utility Supply
208/120 V

(5) MCB

i

PNL-M701
208/120 V
304W

Figure 3-1: Configuration A - 208/120 V
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3.3.2 Configuration B — 600 V Distribution

Configuration B, which is a simple radial system with a 600 V supply from the utility, is applicable to
the facilities with lower reliability requirements. A sample single line diagram is shown in Figure 3-2.

Internal distribution within the facility, if any, is at 600 V. While not shown on the sample drawing,
additional 600 V panels or MCCs fed from the main distribution could be included with this

configuration.

No redundancy, or standby generation, is provided by this configuration. While any power failure or

equipment failure will result in an outage, operation is simple.

Utility Supply
600 V
MCC-M701 )
600 V ?

P-M001 P-M002

Figure 3-2: Configuration B - 600 V Distribution

°)

600 V —208/120 V

A ‘ A XFMR-M711
)

MCB

s

PNL-M711
208/120 V
3@4W
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3.3.3 Configuration C - 600 V Distribution with Portable Generator
Provision

Configuration C is similar to Configuration B, except that a provision for a temporary standby
generator is provided for the whole facility. This would typically only be applicable for facilities with
less than 400 A of essential 600 V load, and delay in provision of the standby power is acceptable. It
should also be noted that confirmation of the City’s current available portable generator ratings should
be undertaken. A sample single line diagram is shown in Figure 3-3.

This configuration may be considered when short term (< 3 hours) power failures are determined to
be acceptable, but longer power failures are not.

Utility Supply Temporary Generator
600 V Connection
MCC-M701 ™) Koo oo oo oo
600 V ? ) ? >
S S )

)

I i V\L XFMR-M711
i
)

600 V —208/120 V

MCB

T

PNL-M711
208/120/ V
304w
P-M001 P-M002

Figure 3-3: Configuration C - 600 V Distribution with Portable Generator Provision

Note:

1. If the maximum demand load is larger than the capacity of the temporary generator, it may be
discussed with the City whether manual load shedding may be utilized to allow for partial
operation under temporary generator power.
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3.34 Configuration D - 600 V Distribution with Standby Generator

Configuration D is similar to Configuration C, except that a standby generator is provided to increase
availability in the event of a utility power failure. In this configuration, the standby generator is sized
to provide power for the entire facility load. A sample single line diagram is shown in Figure 3-4.

This configuration should be considered when:

Power failures are not acceptable;
The plant can be taken offline for maintenance, with proper planning; and
Rare events of equipment failure that cause a total plant outage are an acceptable risk.

Utility Supply
600 V
I GEN-M702
DP-M700 )
600 V ? ?
6 6
) T> T>
g AX 5] ATS-M710
MCC-M710E J’
600 V ?> ?>
5 s 5
I) T_) )
V\L XFMR-M711E
,-VT-\A 600 V —208/120 V
6) MCB
PNL-M711E
208/120 V
304W
P-M001 P-M002
Figure 3-4: Configuration D - 600 V Distribution with Standby Generator
Note:
1. The above system configuration includes a bypass around the transfer switch to allow for

servicing. The bypass may be optional in less critical installations.
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3.35 Configuration E - 600 V Distribution with Essential Bus

Configuration E, 600 V Distribution with Essential Bus, is the same as Configuration D, 600 V
Distribution with Standby Generator, except that the loads are split between essential and non-
essential loads. The standby generator only services critical loads, allowing the standby generator
rating to be reduced. This configuration would be appropriate when a significant portion of the total
load is non-essential. See Figure 3-5 for an example simplified single line diagram.

Utility Supply
600 V
NON-ESSENTIAL BUS

600 V. ?
J>> J>> $> 5 C?

—o0
__00_
L—o

l XFMR-M711 |
600V —208/120 V
" ’ ~ K 5] ATS-M720
P
) mcs ,,,
2
T :
PNL-M711
208/120 V
304W
P-M501  P-M602 225A
42 CCT
MCC-M720E © e ©
ESSENTIAL BUS ) )
600 V é) $ ?N'O' ?$
XFMR-M721E
600V —-208/120 V
6) MCB
PNL-M721E
208/120 V
304W
P-M001 P-M002

Figure 3-5: Configuration E - 600 V Distribution with Essential Bus
Note:

1. The above system configuration includes a bypass around the transfer switch to allow for
servicing. The bypass may be integral to the transfer switch in less critical installations.
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3.3.6 Configuration F - 600 V Redundant with Standby Generation

Configuration F provides redundancy for the electrical distribution system. In addition, a standby
generator is provided to address power failure of one or both of the electrical services. A sample
single line diagram is shown in Figure 3-6. This configuration should be considered when the size
and criticality of the facility warrants redundancy, and power failures are not acceptable. Some
variations of the shown single line diagram are possible where full standby generation for the entire
facility is not deemed to be required.

It is typically required that each service is sized to accommodate the total facility load from a single
service. If load shedding is required to operate with a single service active, this should be clearly
indicated on the drawings and approved by the City.

Utility Supply Utility Supply
600 V 600 V
I GEN-M705 I
| ¥ )
T)
b b
?> T>
AX) ATS-M720 lf ATS-M720
ALy B O S ) Moc-wr20e
? O/\CN.O. ?
b b 5

s
U,

P-M001 P-M002 P-M003 P-M004
oo XFMR-M711E ol XFMR-M721E
600 V — 208/120 V A~~~ 600V —208/120 V
6) MCB o> MCB
PNL-M711E PNL-M721E
208/120 V 208/120 V
304w 3G4W

Figure 3-6: Configuration F - 600 V Redundant with Standby Generator
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3.3.7 Configuration G - MV Distribution

Configuration G is a radial system with a medium voltage supply from the utility. Typically,
transformation and utilization at 600 V and 208/120 V would also be provided. A sample single line
diagram is shown in Figure 3-7.

Internal distribution within the facility is typically at medium voltage, and the system may or may not
have motors or other loads fed directly via medium voltage. No redundancy, or standby generation,
is provided by this configuration. While any utility power failure or equipment failure will result in an
outage, operation is simple and the capital cost is relatively low. Figure 3-7 shows a utility owned
transformer configuration, however a City owned supply transformer is also a potential configuration.
With a City owned transformer configuration, a customer owned disconnect is required on the primary
side of the transformer.

Utility Supply
EN XFMR-M701
2500 kVA
| 2772 - 4160 V
SGR-M701 )
4160 V i
Y
) ; )
ii) fi) f£>
A XFMR-M710
f‘q’\ﬁ 4160 V — 600 V i i
MCC-M710 °> P-M001 P-M002
600 V ?
o ) 1)
) ) T>
.i j A XFMR-M711
NTV‘ 600 V - 208/120 V
T é) MCB
@ PNL-M711
P-M501 P-M602 208/120 V
304W

Figure 3-7: Configuration G - MV Distribution
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3.3.8 Configuration H - MV Distribution with Essential Bus

Configuration H, MV Distribution with Essential Bus, is similar to Configuration E, 600 V Distribution
with Essential Bus, except that medium voltage distribution is utilized in addition to 600 V distribution.
The standby generator only services critical loads, allowing the standby generator rating to be less
than the total facility load. This configuration would typically be considered when the service size
exceeds 2 MVA or medium voltage motors are utilized. See Figure 3-8 for an example simplified
single line diagram. Note that a utility owned transformer configuration is shown, however a City
owned supply transformer is also a potential configuration. With a City-owned transformer
configuration, a City-owned disconnect is required on the primary side of the transformer.
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Utility Supply

\J\%N XFMR-M701
WIV‘ ??7?? -4160 V

SGR-M701 )

4160 V

!

XFMR-M711 |

aa

4160 V - 600 V

O O

i) %)
S S
jt j;

MCC-M710 0) P-M001 P-M002
600 V
P
) J>> é) b
I> I ? o ) GEN-M739
® © b arsarso
P-M501 P-M602 @ %\i
MCC-M730E AN
ESSENTIAL BUS > >
600 V $ $ ? ?$
I) I> )
XFMR-M731E
600 V —208/120 V
6) MCB
PNL-M731E
208/120 V
304W
P-M003 P-M004

Figure 3-8: Configuration H - MV Distribution with Essential Bus
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3.3.9 Configuration | - MV Redundant with Essential Bus

Configuration |, MV Redundant with Essential Bus, utilizes medium voltage for distribution and large
motor loads. Most of the load is not protected by standby generation, but tie breakers are provided to
allow for operation with a single feeder out of service. The services are typically rated such that the
entire facility can be fed from a single service. This configuration would typically be considered when
the service size exceeds 2 MVA or medium voltage motors are utilized. See Figure 3-9 for an
example simplified single line diagram. Note that utility owned transformer configurations are shown;
however City-owned supply transformers are also a potential configuration. With a City-owned
transformer configuration, a City-owned disconnect is required on the primary side of each
transformer.
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Utility Supply Utility Supply
\A%\/ XFMR-M701 \EN XFMR-M702
2222 4160 V 2222 -4160 V
SGR-M701 e ) SGR-M702
4160 V % % 4160 v
R
¢ ¢ ¢ A
XFMR-M710 _, | ., i i i i wdou XFMR-20
4160 V=600V o~y NTW 4160 V-600 V
P-M001 P-M002 P-M003 P-M004
MCC-M710 © Oy MCC-M720
600 V ?> """"""""""""""""" """""""""""""""" ?> 600 V
3 3 5 I
I> j) T> O> GEN-M739
® ® i b arsamaoe
P-M501 P-M602 @ %3;
MCC-M730E AT g ‘L
gg,OSSNTIAL BUS & J) ?>NO.- [ ?i
I) ft) )
V\L, XFMR-M731E
600 V — 208/120 V
6) MCB
PNL-M731E
208/120 V
3@4W
P-M651 P-M652

Figure 3-9: Configuration | - MV Redundant with Essential Bus
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3.3.10 Configuration J - MV Redundant with Integrated Generation

Configuration J, MV Distribution with Integrated Generation, utilizes medium voltage for distribution
and potentially motor loads. Generation is provided, with generator switchgear to allow for paralleling
of generators and with synchronizing switchgear, to allow for seamless transitions between utility and
generator power for testing purposes. Load shedding would be an option under this configuration as
well. This configuration would typically be considered when the service size exceeds 2 MVA or
medium voltage motors are utilized, and a high level of availability is required. See Figure 3-10 for an
example simplified single line diagram.
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Utility Supply Utility Supply
\E\/ XFMR-M701 : XFMR-M702
?7?7?-4160 V 27?7 -4160 V
oy GEN-M704  GEN-M705 Py
@ @ Not all interlocks
g g shown
SGR-M703 > )
4160 V i $
Synchronizing Y Y
1 3 1 3
. > ) ) ) SGR-M702
sram g g s g e
Synchronizing Y Y \r Y VSynchronizing

o>

T T T T
g) g) ) vo $> ) )
¢ ¢ ¢ VAR S
Tie ;
i(gon-Mﬂ 0 R v ifor"v'W?O
T ) G €0 o —T———7 T
$> $> $> $> $> $>
? N N A A A
1 i 1 i
o ol ke
P-M001 P-M002 P-M003 P-M004
SEEW 0) [ ) g
S) RS )
XFMR-M731 XFMR-M741
xx 600V —208/120 V I i I i 600 V —208/120 V

o> MCB

s

PNL-M731
208/120 V
304w

~
<
(o]
w

}_o

PNL-M741
208/120 V
3@4W

Figure 3-10: Configuration J - MV Redundant with Integrated Generation
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3.3.11 System Configuration Selection

The selection of the appropriate system configuration for each application is an engineering decision
that must be made, with consideration to the specific requirements of the application. The preferred
system configurations, shown in Table 3-2, are deemed to be general guidance regarding system
configurations that are generally acceptable to the City. However, in some cases, the application
requirements or reliability requirements are not necessarily clear and detailed discussion with the City
is required. Where selection of an appropriate system configuration is not clear, a reliability analysis
shall be performed to aid in system selection.

Table 3-2 : Preferred System Configurations

Preferred

Risk Configurations

Application

Low (B) 600 V Distribution

Land Drainage

Pumping Station Medium

(C) 600 V Distribution with Portable Generator Provision

High (4) D) 600 V Distribution with Standby Generator

Low B) 600 V Distribution

(
(
Wastewater Flood Medium (5) (B) 600 V Distribution
Pumping Station (C) 600 V Distribution with Portable Generator Provision

A) 208/120 V (*)

Low C) 600 V Distribution with Portable Generator Provision

D) 600 V Distribution with Standby Generator

Medium E) 600 V Distribution with Essential Bus

Wastewater Lift Station
- Small

—_ |~~~

)
)
)
)
)
High (D) 600 V Distribution with Standby Generator
)
)
)
)
)

(D) 600 V Distribution with Standby Generator
(E) 600 V Distribution with Essential Bus
(F) 600 V Redundant with Standby Generation

High

(D) 600 V Distribution with Standby Generator
(E) 600 V Distribution with Essential Bus
(H) MV Distribution with Essential Bus

Low

(E) 600 V Distribution with Essential Bus (*)
(F) 600 V Redundant with Standby Generation
(I) MV Redundant with Essential Bus

Wastewater Lift Station

_ Large (6) Medium

(F) 600 V Redundant with Standby Generation

High (I) MV Redundant with Essential Bus

(F) 600 V Redundant with Standby Generation (*)

Wastewater Treatment | _ (I) MV Redundant with Essential Bus

Facility

(J) MV Redundant with Integrated Generation

Regional Water
Pumping Station

(I) MV Redundant with Essential Bus
(J) MV Redundant with Integrated Generation

See Notes next page.
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Notes:

o &~ DN

3.4

3.41

The existing City facilities do not necessarily conform to the preferred system configurations.
It is recommended that the City provide further definition of the risk classification.
Configurations marked with a (*) require specific City acceptance.

An underpass pumping station on a major route is considered a high risk installation.

Currently, most/all flood pumping stations in the City are not provided with standby power. It
is recommended to prioritize provision of standby power to lift stations over flood stations in
combined sewer areas.

A large lift station is deemed to be one with more than 200 kVA of demand load. This size is
based upon the capacity of the portable generator that the City intends to purchase.

The use of engine based backup drives could, with approval of the City, affect the
requirement for standby generation or redundancy in a Land Draining Pumping Station or
Wastewater Lift Station.

Redundancy Requirements

Wastewater Treatment Facilities

All electrical systems in a wastewater treatment facility shall be configured in a redundant
manner such that the failure of a single piece of major equipment or major conductor will not
impair the operation of the wastewater treatment facility. Without reducing the general
requirement specified above, specific redundancy requirements are itemized in Table 3-3.

Table 3-3 : Wastewater Treatment Process Redundancy Requirements

Process Capacity Redundant Notes
Mandatory

Incor_mng Electrical All Yes
Service
Raw Sewage Pumping | All Yes
Station
Preliminary Treatment | All Yes
Primary Treatment All Yes
Wet Weather >= 100 MLD Yes
Treatment <100 MLD No
Secondary Treatment | Yes Yes
Tertiary Treatment Yes Yes

L ) >=100 MLD Yes
Effluent Disinfection

<100 MLD No

Effluent Sampling All No
Sludge/Biosolids All Yes
Hauled Liquid Waste All No
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2. The feeders to each redundantly configured piece of equipment shall be arranged in a

manner to not defeat the redundancy of the arrangement.
Two-bank redundancy shall be utilized for medium voltage equipment.

Two-bank redundancy shall be utilized for low-voltage (< 750 V) equipment, except
redundancy utilizing multiple banks will be permitted where the design capacity exceeds
typical equipment ratings or the resulting arc flash energy of a two bank scenario is greater
than desired/specified.

5. The capacity of two-bank and multi-bank redundancy schemes shall be such that the
minimum capacity of each bank is the sum of any two bank loads that can be tied together, or
2xC/N, (where C is the Total Design Capacity (including spare) and N is the number of
banks), whichever is greater. For clarity, with a two-bank scenario, if the total design capacity
of a building is 1 MVA, then each redundant bank must have a capacity of 1 MVA.

6. Where multiple electrical rooms are utilized for a given process, given the distributed nature
of the process, each electrical room shall be fed by a minimum of two banks of power
complete with the appropriate interlocks (kirk key or similar), unless the electrical room has
less than 100 kVA of load and there would be no consequences to the facility operation in the
event of the electrical bank being out of service. An example of an electrical distribution for a
distributed process is shown in Figure 3-11.

12.47 kV

l XFMR-M0711
12.47V -600 V
MCC-M0711 1

12.47 kV

T XFMR-M0712
S 1247V - 600 V

) ) MCC-M0712
600 V ? 600 V
N.O. i> (B) ;r) N.O. $>N-O é) o) N.O.

MCC-M0714 0)
600 V ?

f

?>

Figure 3-11: Example of Distributed Process Redundancy

No O\ MCC-M0713
?> 600 V
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3.5 Electrical Service

Electrical service sizing for new applications should be as shown in Table 3-4. Review potential
future loads with the City and ensure that they are accommodated in the design. Deviations in the
sizing of the electrical service are to be approved by the City.

Table 3-4 : Minimum Electrical Service Sizing

Application gg;ivl:(r:gant Minimum Size
Land Drainage , o
Pumping Station No Design load + 25% spare
Wastewater Flood . 0
Pumping Station No Design load + 25% spare
Wastewater Lift No Design load + 25% spare
astewater Li
Station Yes Total design load + 15% spare on each
service (See Note 1)
Wastewater Treatment Yes Total design load + 25% spare on each
Facility service
Regional Wat No Design load + 25% spare
egional Water -
Pumping Station | Yes sonvice (Sea Nato 2) 10" o

Notes:

1. Each of the redundant services would be sized to carry the full design load of the facility +
15%. Thus, under normal operation with two services, the total loading of the total capacity
should not exceed 42.5%.

2. Each of the redundant services would be sized to carry the full design load of the facility +
10%. Thus, under normal operation with two services, the total loading of the total capacity
should not exceed 45%.

Coordinate the service details including voltage, size and point of delivery with the supply utility
(Manitoba Hydro). Provide the utility with data indicating connected load, demand load, the
associated load factors and a list of large motors (greater than 150 hp) that are included in the total
load requirements for the plant.

Where technically and economically feasible (based on the total lifecycle costs), it is the City’s
preference to locate the point of delivery downstream of high and medium voltage transformation.

The design of the configuration and location for the service should consider the following factors:

e Location of the principal loads on the site;
e Redundancy requirements;

e Management of electrical system parameters including short circuit levels and associated
coordination, arc flash levels, harmonics and power factor;

o Essential power requirements; and
e Future growth.
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3.6 Classification of Loads

3.6.1 Wastewater Treatment Facilities
Priority Description Examples Standby
Power

1 — Emergency Life safety systems Fire alarm and emergency voice Yes
mandated by codes and | communications systems;
regulations. (See Note | Firefighters’ elevators and elevators
1) serving storeys above the first storey in

a high building;

Fire protection water supply pumps
that depend on electrical power
supplied to the building;

Smoke control systems;

Fans required for smoke control;
Emergency lighting; and

Exit signs.

2 — Critical Loads that are critical for | Ventilation systems for electrically Yes
health and safety of classified areas, hazardous gas
facility occupants detection systems

3 — Essential Essential loads required | Sump pumps, Raw sewage pumps Yes
for process operation or
infrastructure protection
that cannot be
interrupted.

4 — Essential Essential loads required | BNR aeration blowers Yes

Intermittent for process operation,
but may be interrupted
for intervals during
significant power events.

5 —Normal A Loads required for BNR mixers Not
process operation that required
should not normally be
interrupted, but may be
under power failures and
other extreme events.

6 - Normal B Process loads that may | Secondary clarifier mechanisms Not
be interrupted for required
significant abnormal
events

7 — Non-Essential A | Loads that may be General lighting, lunch room Not
interrupted with no microwaves, general ventilation in non- | required
significant impact on hazardous areas.
process, but may
inconvenience personnel

8 — Non-Essential B | Loads that may be Task lighting, convenience receptacles | Not
interrupted with only required

minor inconvenience to
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personnel
Notes:
1. The use of batteries in a life safety load does not change the load priority of the source. For

example, a fire alarm system is a critical load.

2: From a load shedding perspective, additional levels are for adjustment of set-points and
operating conditions prior to dropping a load.

3.7 Distribution Capacity

1. The size and capacity for new electrical distribution equipment and interconnections shall be
as shown in Table 3-45. Review potential future loads with the City and ensure that they are
accommodated in the design. Deviations in the sizing of the electrical distribution are to be
reviewed and accepted by the City in writing.

2. Distribution systems may be considered dedicated (Dedicated Distribution Equipment) where:
2.1 UNDER DEVELOPEMENT

Reference Transformer Section 6.11 in this Design Guide for additional information.

Table 3-5 : Minimum Electrical Distribution Sizing

Future
Current Desian
Application Application | Design Loadg(See Spare Capacity
Load Note a)
General Required 25%
. No
Medium Voltage Dedicat
(segécrjoetg b) (See Note | 10%
c)
. Total design load + 25% spare on
600 V Switchgear | General Yes each service
General Yes Total design load + 25% spare on
each service
600 VV MCCs : Required :
Dedicated
(See Note b)
Low Voltage No Design load + 25% spare
Process Yes Total design load + 10% spare on
Panelboards each service (See Note b)
Low Voltage
Building
Panelboards

Notes:
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1. The Future Design Load is the planned future load that is anticipated to be planned for within
the scope of the project. This typically includes planned future upgrades.
2. Despite the fact that Dedicated Distribution Equipment does not require future spare capacity,

the building space, including electrical rooms, shall provide space as required to install future
general and Dedicated Distribution Equipment.

a) Each of the redundant services would be sized to carry the full design load of the
facility + 15%. Thus, under normal operation with two services, the total loading of
the total capacity should not exceed 42.5%.

b) Each of the redundant services would be sized to carry the full design load of the
facility + 10%. Thus, under normal operation with two services, the total loading of
the total capacity should not exceed 45%.

3  Coordinate the service details including voltage, size and point of delivery with the supply utility
(Manitoba Hydro). Provide the utility with data indicating connected load, demand load, the
associated load factors and a list of large motors (greater than 150 hp) that are included in the
total load requirements for the plant.

4 Where technically and economically feasible (the total lifecycle costs are not significantly higher),
it is the City’s preference to locate the point of delivery downstream of high and medium voltage
transformation.

3.8 System Grounding

Historically, most systems within the City of Winnipeg have been solidly grounded. However, the use
of neutral grounding resistors has significant benefits in certain applications. Some typical benefits of
a neutral grounding resistor are:

. Minimizes the risk of arc flash and arc blast on the first ground fault;

o Reduces electric-shock hazards to personnel caused by stray ground-fault currents in the
ground return path;

) Reduces the arc blast or flash hazard of a line-to ground arc fault;

. Reduces burning and melting effects in faulted electrical equipment, such as switchgear,
transformers, cables, and motors;

o Limits energy available to a ground fault;

. To reduce the momentary line-voltage dip occasioned by the occurrence and clearing of a
ground fault; and

. Can improve availability by allowing equipment to continue to operate during a single line-to-

ground fault, provided a continuously rated neutral grounding resistor is provided.

Some disadvantages of neutral grounding resistors are:

o Transformer neutral bushings must be rated for the full secondary voltage;

. Transformer secondary windings must be fully insulated for the full secondary voltage at the
neutral end;

. System neutral is no longer at zero volts during a fault;

. Additional costs and complexities; and

. Additional monitoring, protection and coordination requirements.

System Applications:
1. 208/120 V Systems

1.1 Solid grounding is mandatory.
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2. 600 V (and 480 V if applicable) Systems:

2.1 Systems < 1000 kVA would typically be solidly grounded, however high-resistance
grounding (HRG) should be utilized for cases where continuity of service is required
in the event of a ground fault or reduction of the potential arc flash risk in the event of
an L-G fault is desired.

2.2 Systems >= 1000 kVA shall be provided with high-resistance grounding unless
otherwise approved by the City.

3. 4160 V Systems
3.1 High-resistance or low-resistance grounding is mandatory, except where:
a) The power supply from the utility is a 4160 V solidly grounded system; or
b) Express written permission is received from the City.
4. Medium Voltage Systems > 4160 V
4.1 Low resistance grounding is mandatory for all medium voltage systems > 4160 V on

the secondary of a City-owned transformer.

4.2 Solid grounding is acceptable where no motor loads are utilized at the voltage and
the power directly comes from the utility without City-owned transformation. That is,
it is acceptable to distribute medium voltage power around a site, provided the power
supply is from the utility at that voltage. However, specific engineering review is
required to justify the proposed installation.

3.9 Short Circuit Current Rating

Short Circuit Current Rating (SCCR) is the maximum prospective symmetrical fault current that a
device, panel or a system can safely withstand for a short specified time. The SCCR is usually
expressed in kA at a specified voltage, and in some cases may be linked to specific upstream
overcurrent protection devices, which will clear a fault within a specified time. The SCCR is also
sometimes known as fault current withstand rating.

The SCCR is also closely related to the interrupting rating for protective circuit devices. The
interrupting rating is the highest current at a specific voltage that the device can interrupt.

The SCCR rating shall exceed the available fault current of the system, at the point of application of
the device, panel or system and shall allow for future expansion of the system including replacement
of transformers. For example, if a bus has a 23 kA SCCR requirements based upon an upstream
5.75% impedance transformer, but it is reasonably possible that the impedance of a replacement
transformer could be 5%, size the SCCR of the bus based upon calculations using the 5%
impedance. At a minimum the SCCR will be sized based on a +10% margin.

A short circuit current study shall be completed to determine the fault currents for the equipment
being designed with the results being used to determine the appropriate SCCR for the equipment.

Refer to the minimum transformer impedance values outlined in the City of Winnipeg Electrical Bylaw
when determining the fault current available from utility supply transformers. All systems with a
service voltage of 600 V or less shall assume an infinite bus on the primary of the utility transformers
in SCCR calculations. Note that the actual utility fault currents must always be obtained for
performance of the coordination and arc flash studies.

Maximum assumed SCCR values for unmarked components (i.e. with no SCCR rating) that may be
assumed for calculations are as follows:
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Table 3-6 : Maximum Assumed Short Circuit Current Rating (SCCR) for Unmarked

Components

System/ Component SCCR [kA]
Bus-bars 10
Circuit Breaker (including GFCI) 5
Current shunt 10
Fuse Holder 10
Industrial Control Equipment:
Auxiliary devices (overloads) 5
Switches 5
Motor Controllers
0-37.3 kW (0-50 hp) 5
38 -149.2 kW (51 - 200 hp) 10
149.9 kW - 298.4 kW (201 - 400 hp) 18
299.1 kW - 447.6 kW (401 - 600 hp) 30
448.3 - 671.4 kW (601 - 900 hp) 42
672.1 - 1118 kW (901 - 1500 hp) 85
Meter Socket Base 10
Miniature fuse (maximum use at 1250 V) 10
Receptacle (GFCI type) 2
Receptacle other 10
Supplementary protector 0.2
Switch Unit 5
Terminal Block 10
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3.10 Harmonics

1. The electrical design should ensure that harmonics are within IEEE 519 requirements at all
major points in the electrical distribution, and not just at the utility service. Major points shall
include but not be limited to:

1.1 The main switchgear or electrical distribution in a building or process area of that
voltage; and

1.2 Switchgear / electrical distribution equipment rated greater than 3 MVA.

2. Voltage harmonics shall be limited as follows at all panelboards, MCCs, switchboards,
switchgear, and other electrical busses:

2.1 Individual frequency harmonics < 3%; and
2.2 Total Harmonic Distortion (THD) < 5% as defied by IEC 61000-4-7.

3. Ensure current harmonics at major points in the electrical distribution are within IEEE 519
Table 10-3.

4, Harmonic studies are required for facilities with significant harmonic sources, as discussed in
Section 19.4.

Refer to Section 15 regarding additional power quality requirements.

Comply with the latest version of the Manitoba Hydro’s Power Quality Specification.

3.11 Environmental

Design / specify all electrical equipment, enclosures, etc. located outdoors for ambient temperatures
of +/- 40°C. Ensure additional prevailing conditions, including humidity, accumulation and infiltration
of snow and any environmental contaminants or conditions that could affect equipment performance
and longevity are addressed in the design.

Electrical equipment below 1,000 volts shall conform to the NEMA classifications detailed below. For
electrical equipment above 1,000 volts, the enclosure ratings shall be utilized as a guideline to
achieve the ratings described. Enclosure utilization will generally conform to the following guidelines:

Indoor, clean areas (electrical rooms, etc.) — NEMA 1.

Plant process areas that are neither hazardous nor corrosive — NEMA 12 or NEMA 4 (based on
sound engineering judgement).

Outdoors — NEMA 4.

Plant process areas that are corrosive (typical wastewater environment containing hydrogen sulfide)
— NEMA 4X minimum. Other corrosion resistant materials may be required depending upon the
nature of the chemicals present.

Hazardous rated plant process areas require appropriate enclosures. This may require NEMA 7
enclosures, however alternate enclosure types are also appropriate for certain installations. Refer to
Section 12 for further details.
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4 WIRING AND CABLING

4.1 Type Identification

To provide consistency between drawings, all wire and cables types shall be designated utilizing the

following format.

411 Power Conductors

A N C | +BND , Size , Type , Volt , Other
Number of Number Bonding Conductor | Conductor | Voltage | Other
cables of Conductor | Size Type Rating

(Optional) Cond. (Optional)

Where,

A is the number of cables in parallel. For many applications, this is one (1)
and therefore is omitted.

N is the number of individual conductors in the cable or conduit. Include
neutral conductors as applicable, unless the neutral conductor is a different
size.

C is the letter C, to indicate “Conductors”.

+ BND is an optional indication to include a bonding conductor of the same size and
type as the power conductors. This would not be utilized for cable
assemblies where the bonding conductor is an inherent part of the cable, but
could be utilized for conduit applications. If the bonding conductor is a
different size of type, refer to Section 4.1.2.

Size is the conductor size in AWG or kcmil.

Type is the cable / wire type. Utilize CSA standard type references where
applicable. The conductor shall always be copper, unless otherwise
indicated.

Volt is the voltage rating of the cable / wires (Not the applied system voltage).

Other is an optional field for other special characteristics of the cable, such as
“Shielded” or insulation class for medium voltage cabling

Notes:

1. Where individual wires are in conduit, they are expressed as parallel conductors, not parallel
cables.

2. Do not utilize the “#” symbol to represent AWG.

Do not indicate the bonding conductor if it is part of a standard cable assembly, such as

Teck90 cable.

4, Large AWG sizes shall be expressed as follows: 1/0, 2/0, 3/0, and 4/0 AWG and not 0, 00,

000, and 0000 AWG.
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4.1.2 Bonding Conductors

Where bonding conductors are a different size or construction from the phase conductors, they shall
be designated in the following format. Note that bonding conductors in a conduit, of the same size
and type as the phase conductors may be designated as shown in Section 4.1.1.

N BND |, Size , Type , Volt , Other
Number of Conductor | Conductor | Voltage | Other
Cond. Size Type Rating

(Optional)

Where,

N is the number of individual conductors in the cable or conduit. Include
neutral conductors as applicable, unless the neutral conductor is a different
size.

BND is the shortened designation for bonding conductors.

Size is the conductor size in AWG or kcmil.

Type is the cable / wire type. Utilize CSA standard type references where
applicable. The conductor shall always be copper, unless otherwise
indicated.

Volt is the voltage rating of the cable / wires (Not the applied system voltage).

Other is an optional field for other special characteristics of the cable

41.3 Neutral Conductors

Where neutral conductors are a different size or construction from the phase conductors, they shall
be designated in the following format. Note that neutral conductors of the same size and construction
as phase conductors may be identified as per Section 4.1.1.

N NEU | , Size , Type , Volt , Other
Number of Conductor | Conductor | Voltage | Other
Cond. Size Type Rating

(Optional)

Where,

N is the number of individual conductors in the cable or conduit. Include
neutral conductors as applicable, unless the neutral conductor is a different
size.

NEU is the shortened designation for neutral conductors.

Size is the conductor size in AWG or kcmil.

Type is the cable / wire type. Utilize CSA standard type references where
applicable.

Volt is the voltage rating of the cable / wires (Not the applied system voltage).
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Other is an optional field for other special characteristics of the cable, such as
“Shielded”
41.4 Examples
3C, 250 kemil, TECK90, 1000 V Three conductor TECK cable in cable tray.
4C, 1 AWG, RW90, 600 V Four, 1 AWG RW90 wires in conduit.
6-1C, 500 kemil, RA90, 1000 V Six parallel 1-conductor cables.
2-3C, 750 kcmil, TECK90, 1000 V Two 3-conductor cables in parallel.
4C, 10 AWG, RW90, 600 V Four 10 AWG plus one 12 AWG ground wire.
BND, 12 AWG, RW90, 300 V
6C, 250 kemil, RW90, 600 V Six 250 kemil plus two 3/0 AWG neutrals plus two
2C, NEU, 3/0 AWG, RW90, 600 V 4 AWG bonding wires.

2C, BND, 4 AWG, RW90, 300 V

2-3C, 250 kemil, HVTECK AL, 15 kV, Shielded, Two three-conductor shielded 15 kV cables,
133% aluminum conductors.

4.2 Conductor Material

1. All conductors shall be copper, except as follows:

1.1 Aluminum conductors may be utilized if and only if:

1.1.1 The load is an MCC, transformer, switchgear, or distribution panel or other
similar equipment. Aluminum conductors are not permitted for end loads
such as motor loads;

1.1.2 The aluminum conductor is sized a minimum of 250 kcmil; and
1.1.3  All terminations are appropriately rated for aluminum conductors.

2. Ensure the project specifications are clear regarding the conductor material requirements. All
aluminum conductors shall be clearly shown on the single line drawings.

3. Ensure all project construction specifications are clear and complete regarding the installation
requirements of aluminum conductors.
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4.3

1.

Insulation Ratings

Provide wire and cable insulation ratings that are consistent with the minimum insulation
ratings indicated in Table 4-1.

Table 4-1 : Minimum Wire Insulation Ratings

Note:
1.

. Application Minimum
Nominal 3@ System Grounding Insulation
Voltage Rati

ating
Low Resistance Any 15 kV 133%
12.47 kV -
Solid Any 15 kV 100%
Low Resistance Any 5kV 133% or
4.16 KV High Resistance ' Any 8 kv 100%
Solid Any
High Resistance Any 1000 V
VFD and other high 1000 V
harmonic loads
600V Solid Buried Wire / Cables 1000 V
oli
All Teck90 cables 1000 V
Indoor RW90 600 V
applications— no VFD
. ) Buried Wire / Cables 1000 V
High Resistance
480V Other 600 V
Solid Any 600 V
120/208 V Solid Any 600 V

Low Resistance grounding is to be set-up to clear faults within one hour. Higher insulation
ratings may be required for systems that allow longer duration faults.
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4.4 Power Distribution

4.4.1

1.

3.

Conduits vs. Cables

Cables and conduits shall be selected based upon the requirements of Table 4-2.

1.1 Where not identified in Table 4-2, the decision to use conduits or cables for interior
power distribution should be based on the specific details of the application. In
general, cables in cable tray is preferred for new installations; however there are

cases were the use of conduits is appropriate.

Conduits should be considered in the following applications:

2.1 Where the existing installation is conduit based.
2.2 Where aesthetics are a concern.

2.3 Where there is potential for physical abuse or damage.

2.3.1

24 Where the specific cables required do not have a FT4 rating.

It is acceptable for a facility to have a mixture of conduits and cables.

Table 4-2 : Conduit / Cable Applications

For example, rigid aluminum conduits are preferred in lift stations that have
limited space such that the removal of a pump could result in physical
damage to the electrical system.

Application Voltage Cable Conduit Notes
o Medium Voltage A NA 1
Distribution
<750V A NA 1
Medium Voltage A NA
Motor Loads 600 V P A
208/120 V A A
, 600 V P A
Heating Loads
208/120 V A A
Other Equipment 600 V P A
Loads 208/120 V A A
Fire Alarm <750V A A
Lighting <750V A P
<=208V A P
Receptacles
>208V A P

Legend:
P Preferred
A Acceptable

NA Not Acceptable

Notes:

1.
2.

Cable Bus is acceptable for distribution application.

Duct bus is acceptable only in clean, non-corrosive environments.
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4.5 Cable Types and Ratings

In general, cable with galvanized steel armour covered with PVC outer sheath is acceptable. In very
corrosive areas, aluminum armour with PVC outer sheath should be used subject to verifying the
suitability of aluminum for the corrosive compounds present.

451 Cable Requirements

12.47 kV (15 kV Class) Distribution system:
CSA TECK cable, Tree-Resistant XLPE RW90, 15 kV, semi-conductive shielded with
insulation as per Table 4-1.

Phase marking/colour codes - Phase A - Red, Phase B — Black, Phase C - Blue.
Outer jacket — Orange/Red PVC jacket rated FT-4.

4.16 kV Distribution system:
CSA TECK cable, Tree-Resistant XLPE RW90, 5kV, semi-conductive shielded with insulation
as per Table 4-1.

Phase marking/colour codes - Phase A - Red, Phase B — Black, Phase C - Blue.
Outer Jacket — Orange/Red PVC jacket rated FT-4.

600 V, 208/120 V, 120/240 V Low Voltage Distribution system:
CSA TECK cable, XLPE RW90, 600 V/1000 V, with insulation as per Table 4-1.

Phase marking/colour codes - Phase A - Red, Phase B — Black, Phase C - Blue.

Jacket — Black PVC jacket rated FT-4 and low acid gas emitting. The jacket will be UV,
moisture and oil resistant.

Control and Instrumentation cables:
CIC or ACIC, XLPE RW90, 600/300 V, with 100% insulation.

o 600 V cable is to be utilized for any cable termination in an enclosure
containing voltages above 300 V.

Phase/polarity numbering marking/colour codes — Standard numbering and colour coding.

Jacket — Black PVC jacket rated FT-4 and low acid gas emitting. The jacket will be UV,
moisture and oil resistant.

Fire Alarm Cable
e Cabling conforms to CAN/CSA-C22.2 No. 208 Fire Alarm and Signal Cable

e Low energy, 300 V, FAS 105 twisted stranded coper shielded cable: minimum 16AWG,
with PVC insulation

e Overall aluminum/polyester foil shield, with tinned copper drain wire

¢ Notification circuit conductors shall be stranded copper, minimum 12 AWG

o All fire alarm cables shall be installed in a separate, dedicated conduit system
e All cables with be FT4 rated
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4.6 Conductor Sizes

1. Select conductor size based upon conductor ampacity and voltage drop requirements.

1.1 Voltage drop calculations shall be made utilizing worst case operating scenarios,
including utilization of spare distribution capacity.

2. Ensure spare capacity allowed for in equipment is also provided in associated feeder
conductor sizing.

3. Ensure conductors are appropriately derated as per the Canadian Electrical Code. Derating
to include factors for maximum termination temperature, ambient conductor temperature, and
the number of conductors in the conduit or cable tray.

3.1 Unless specifically designated as a feeder cable tray, with a cable tray section layout
clearly indicated on the drawings, all cable trays shall be assumed to have numerous
cables added in the future and be de-rated appropriately.

3.2 It is-preferred to designate certain cable trays for large feeder cables, where spacing
can be maintained.

4. Do not necessarily size cables as per the minimum ampacity. Utilize good engineering
judgement to ensure each cable ampacity will be sufficient for the life of the cable.

4.1 For example, if a motor feeder cable ampacity is calculated, based on a specific
actual motor FLA, to be 258 A, do not select a cable with an ampacity of 260 A. In
the event the motor is replaced with one that has a slightly higher FLA, the cable with
an ampacity of 260 A would no longer be technically acceptable.

5. Ensure that the conductor sizes selected are appropriate for the maximum acceptable
conductor termination temperature. For example, many circuit breaker terminations are only
rated at 75°C and cannot utilize a conductor ampacity rating for a temperature rating of 90°C.

6. Minimum wire size to be as per Table 4-3.

Table 4-3 : Minimum Conductor Sizes

Application Minimum Size
Medium Voltage Power

(> 1000 V) 2ANG

Low Voltage Power

(120 - 750 V) 12 AWG
Control 16 AWG
Instrumentation 18 AWG
Voltage Signal (PT) 14 AWG

CT Signal 12 AWG

Note:

1. The minimum conductor sizes only apply to electrical power cables. See the Automation Design
Guide for automation cable sizes.
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4.7 Conduit Materials and Sizes

1. Conduit to be CSA, cUL listed.

2. Use rigid conduit, except where flexible conduits are required for maintenance of equipment
or in areas where the equipment is subject to vibrations during operation (compressors,
motors, etc.), to reduce the effect on connections. EMT may be utilized within office areas if
there are no environmental issues.

3. Rigid galvanized steel conduit is not acceptable for use within wastewater facilities. See
Table 4-4.

The minimum conduit size is 21 mm (3/4 ).

Conduit boxes to be aluminum with cast covers. Use spring door covers for areas with
circulating dust and contamination.

6. Liquid tight flexible conduit c/w correct watertight fittings shall be used in short lengths for
application areas where vibration will be an issue.
6.1 Flexible conduit to be CSA, cUL listed.
6.2 Maintain fill factors as stipulated in Code.
6.3 All motors and connected equipment shall be considered to be a source of vibration.
7. For areas where conduit is installed and there is a risk of migration of gases and vapour, the

conduits are to be sealed with suitable conduit seals to prevent entry of moisture, vapour and
gases into another area, panel enclosure, etc.

8. Where EMT and PVC conduit is used, provide a separate green insulated ground wire in
each conduit.

9. Ensure fittings allow cable/conductor bending radius to be maintained.

10. Wire pulling calculations shall be performed for all cables in conduits or ducts sized 2 AWG or

larger. Modify the design as required to limit forces and sidewall pressure. Document all
cable pulling calculations as per Section 19.4.
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Table 4-4 : Facility Conduit Application

Facility e
Type Application Type
Al In poured concrete walls and floors PVC
Underground PVC
General Use — Where prone to potential mechanical
Wastewater | damage or acceptable support spans exceed PVC Rigid Aluminum
Collections capabilities.
Facilities General Use — Where not prone to potential mechanical
(Lift, Flood, | g>75 P P PVC
CSO) 9
Hazardous Locations Rigid Aluminum
General Use Rigid Aluminum
Corrosive locations not suitable for aluminum PVC
Wastewater Exterior Rigid Aluminum
Hazardous Locations Rigid Aluminum
Office and similar locations, without environmental EMT
contamination.
Corrosive Locations (Category 2) PVC
Exterior Rigid Galvanized Steel
Water General Use Rigid Galvanized Steel

Hazardous Locations

Rigid Galvanized Steel

Office and similar locations

EMT

510276-0000-47ER-0001
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4.8 Conduit Colour Coding

Code with plastic tape or paint at points where conduit or cable enters wall, ceiling, or floor, and at
5 m intervals based on the system, per Table 4-5. The widths of the prime and auxiliary bands are to
be 38 mm and 19 mm, respectively.

Table 4-5 : Conduit Colour Bands

System Prime Band Aux. Band
Medium Voltage (> 750 V) Orange

347/600 V Yellow

208/120/240 V Power Black

UPS 208/120/240 V Power Black Green
Control Wiring (120 V) Black Orange
Fire Alarm Red

Low Voltage Communication/General Blue

Low Voltage Control Wiring (< 50 V) Blue Orange
Intrinsically Safe Blue White
Grounding Green

Fibre Optic Cable Purple

4.9 Device and Pull Boxes
1. Joints and splices are not acceptable in conduits. All joints shall be in conduit bodies or
junction boxes.

2. Only connections for lighting and receptacles shall be made in device boxes. All other
connections shall be made in boxes with numbered terminals and the conductors shall be
identified with wire labels.

3. Pull boxes should be sized as per the Canadian Electrical Code (Rule 12-3036).
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4.10 Cable Trays
4101 General
1. Arrangement
1.1 Design cable trays in a manner to provide ease of access, capacity for expansion
and change.
1.2 Ensure headroom is not impeded by cable trays.
1.3 Do not install cables for redundant systems in the same cable tray.
1.4 Provide a minimum of 1 m separation (edge to edge) between cable trays carrying
redundant cables or cables for redundant systems.
1.5 Ensure cable tray routing does not impede equipment operation, maintenance or
cable replacement;
1.6 Locate cable tray in a manner and location to ensure the full life and reliability of the
cables is maintained,;
1.7 Route such that the cable tray is not subjected to temperatures higher than ambient
space temperatures; and
1.8 Do not route cable trays above any combustible material storage.
2. Size:
2.1 A side rail height of 152 mm (6”) is preferred. Utilize 102 mm (4”) side rail height
where vertical space is limited.
2.2 Size cable tray to meet current and future cable requirements. Minimum tray width is
152 mm (6”).
Tray to be CSA, cUL listed.
The rungs of the ladder shall typically be at 305 mm (12”) spacing. However for single
conductor 1/0 to 4/0 AWG the rung spacing shall not exceed 229 mm (9”).
5. Tray load ratings:
5.1 Cable tray load ratings are to be sufficient for the cables installed and any additional
loads such as snow, ice and wind, where applicable.
5.2 Allow for spare cables in cable tray loading calculations. For trays where cables may
be installed with no spacing, assume the tray will be filled in the future.
5.3 Minimum load rating for indoor tray: CSA Class C1
54 Minimum load rating for outdoor tray: ~ CSA Class D
The tray shall be installed in accordance with manufacturer’s instructions.
7. Use tray covers in dusty areas, outdoors, for aesthetic reasons and for trays passing under
walkways or where there is a risk of falling debris.
8. Use stainless steel SS316 bolting and fixing hardware.

Select cable tray material as per Table 4-6.

9.1 Utilize fibreglass cable tray in corrosive locations where fibreglass will outperform the
alternatives. Fibreglass tray shall not be exposed to sunlight unless confirmed by the
manufacturer that it is sunlight/UV resistant.
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Table 4-6 : Standard Cable Tray Material

Application Standard Material Alternates

Wastewater Collection / Treatment Aluminum Fibreglass
Stainless Steel

Water Treatment Plant Aluminum Fibreglass

Stainless Steel

Regional Water Pumping Stations

Rigid Galvanized Steel

Aluminum
Fibreglass
Stainless Steel


