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Understanding Power Concepts
• This course was put together using readily available material from 

the internet, and from older IEEE presentations.  It is for 
educational purposes only.  The user of this material should consult 
a licensed professional engineer on all topics presented in this basic 
electrical power course.

• This material has not been checked for accuracy.  It should be 
assumed to be out of date.

• This material is again for educational purposes only.  No profits 
have been made in the making of this course or in its presentation.  
This course is solely to help educate our engineers and society on 
electrical power topics.



Understanding Power Concepts

• This REV 0 April 2013 course covers Parts 1, 2, 
and 3.  

• Part 4 will be added at a later date, REV 1.



Understanding Power Concepts

• Part 1
– Introduction
– Formulas (AC/DC Basics)
– Standards
– Codes/Personal Safety
– Grounding



Understanding Power Concepts

Part 2
– Electrical Studies

• One lines
• SC
• LF
• I2T

– Transfer Schemes
– Cable types
– Feeder Designs



Understanding Power Concepts
Part 3
• Motors

– AC Induction Motors
– Motor Efficiency and Assessment
– Motor Controllers (VFD and Harmonics)
– Application Considerations

• Transformers
• Substations
• Switchgear
• Panels (Lighting and Power)
• MCC
• DC/UPS Systems 



Understanding Power Concepts

Part 4 (has not been added as of REV 0)
• Protective Relaying

– Bus
– Feeders
– Motors
– Generators
– Transformers



Understanding Power Concepts

Part 2
– Electrical Studies

• One lines
• SC
• LF
• I2T

– Transfer Schemes
– Cable types
– Feeder Designs



TOPICS
• INTRODUCTION

• SOLUTION APPROACH

• IMPEDANCE DIAGRAMS

• STUDIES

– LOAD FLOW

– SHORT CIRCUIT

– PROTECTIVE DEVICE COORDINATION



INTRODUCTION
• Load Flow Analysis

– Determines Voltage, Current, Active and Reactive Power and Power 
Factor

• Short‐Circuit Analysis
– Determine magnitude of the current flowing throughout the power 

system at different times after a fault occurs.

• Protective Device Coordination
– Utilized to achieve balance between equipment protection and selective 

fault isolation.



SOLUTION APPROACH

• LINEARITY

• SUPERPOSITION

• THEVENIN and NORTON EQUIVALENTS

• SYMMETRICAL COMPONENTS

• PER UNIT METHOD



LINEARITY



SUPERPOSITION

• LINEAR NETWORKS
• SEVERAL SOURCES (CURRENT and/or VOLTAGE)
• RESPONSE CALCULATED BY EACH INDEPENDENT 
SOURCE ACTING ALONE (VOLTAGE SOURCES 
SHORTED AND CURRENT SOURCES OPENED)



SUPERPOSITION (EXAMPLE)



THEVENIN EQUIVALENT

• Linear Network
• Voc = Open‐Circuit Voltage
• Zeq = Equivalent Impedance
• Series Connected



THEVENIN EQUIVALENT



NORTON EQUIVALENT

• I = Voc/Zeq
• Zeq
• Connected in parallel



PER‐UNIT METHOD



PER‐UNIT METHOD



PER‐UNIT METHOD



PER‐UNIT METHOD



EXAMPLE



EXAMPLE



EXAMPLE



EXAMPLE



EXAMPLE



EXAMPLE



EXAMPLE



EXAMPLE



ELECTRICAL REPRESENTATIONS

• Swing Bus
– accounts for losses in the system

• Load Buses
– any bus without a generator

• Generator Buses
– Can contain load and generators

• Disconnected Buses



ELECTRICAL REPRESENTATIONS



ELECTRICAL REPRESENTATIONS



ELECTRICAL REPRESENTATIONS
• Power Flow Equations:

– [I] = [Y] * [V]

• Bus Current
– I = (P + jQ)*/V*



EXAMPLE



EXAMPLE



EXAMPLE
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EXAMPLE





EXAMPLE



SHORT CIRCUIT
• Arcing and burning occurs
• Short circuit current flows from other 
locations to fault

• Equipment subjected to thermal and 
mechanical stresses due to I2t heating

• System voltage drops in proportion to the 
magnitude of the short‐circuit current



SHORT CIRCUIT

• Available 
short circuit 
current is also 
known as the 
maximum
value of short 
circuit 
current.



SHORT CIRCUIT



ROTATING MACHINES



ROTATING MACHINES

• Impedance of a rotating machine is 
primarily reactive.

• Impedance of a rotating machine changes 
with time

• Three values assigned to generators
– Subtransient Reactance (Xd”)
– Transient Reactance (Xd’)
– Synchronous Reactance (Xd)



ROTATING MACHINES
• Subtransient Reactance (Xd”)

– Apparent reactance of the stator winding at 
inception of a short‐circuit for the first few 
cycles

• Transient Reactance (Xd’)
– Reactance of the stator that is used after the 
first few cycles to approximately 0.5 seconds

• Synchronous Reactance (Xd)
– Reactance used for steady state solutions



ROTATING MACHINES

• Synchronous motors and generators have 
similar reactance's for short circuit 
calculations.

• Induction motors have sub transient 
reactance only since there is no separate 
field to continue supplying current to the 
fault



SYMMETRICAL CURRENT





ASYMMETRICAL CURRENT



TYPICAL CIRCUIT



TYPICAL CIRCUIT



TYPICAL CIRCUIT



ASYMMETRICAL CURRENT



ASYMMETRICAL CURRENT



SHORT CIRCUIT CALCULATION
• Prepare one line diagram
• Decide on location of short circuit
• Prepare impedance diagram
• Interconnect networks correctly per type of 
fault

• Calculate symmetrical short circuit current 
at the buses of concern

• Apply multiplying factors to symmetrical 
short‐circuit currents for asymmetry



SHORT CIRCUIT CALCULATION
• Multiplying Factors

– First Cycle Peak Calculation
• Peak Multiplier = 2.6
• Used for medium and high‐voltage breakers > 1 kV
• Assumes X/R=17 if X/R increases higher multipliers 
may result

– First ½ Cycle Asymmetrical Calculation
• Multiplier = 1.6
• Assumes X/R = 25
• Higher X/R may yield higher multipliers



3 PHASE FAULT EXAMPLE
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3 PHASE FAULT EXAMPLE
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3 PHASE FAULT EXAMPLE



3 PHASE FAULT EXAMPLE



3 PHASE FAULT EXAMPLE



3 PHASE FAULT EXAMPLE



SHORT CIRCUIT CALCULATION



OVERCURRENT COORDINATION

• Determine characteristics, ratings and 
settings that provide the following:
– Minimize equipment damage
– Interrupt short circuits as quickly as possible
– Only minimum portion of the system is 
interrupted

– Protection versus selectivity



OVERCURRENT COORDINATION

• Coordinating Time Intervals (CTIs)
– Time interval between protective device curves 
used to insure correct selective operation and 
to reduce nuisance tripping.



OVERCURRENT COORDINATION

• Coordinating Time Intervals (CTIs)



CONSTRUCTING TCCs



CONSTRUCTING TCCs



EXAMPLE CONSTRUCTING TCCs



EXAMPLE CONSTRUCTING TCCs
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EXAMPLE CONSTRUCTING TCCs



EXAMPLE CONSTRUCTING TCCs



EXAMPLE CONSTRUCTING TCCs



EXAMPLE CONSTRUCTING TCCs



EXAMPLE CONSTRUCTING TCCs



EXAMPLE CONSTRUCTING TCCs



EXAMPLE CONSTRUCTING TCCs



EXAMPLE CONSTRUCTING TCCs



EXAMPLE CONSTRUCTING TCCs



EXAMPLE CONSTRUCTING TCCs



Understanding Power Concepts

Part 2
– Electrical Studies

• One lines
• SC
• LF
• I2T

– Transfer Schemes
– Cable types
– Feeder Design



Presentation Outline
• Definition – Secondary Selective Substation
• Equipment Arrangement
• Discussion Topics – How do you design a transfer scheme?
• Existing System Description

– Normal System Loading
– Abnormal System Loading

• Final System Configuration
• Transfer Scheme Definitions
• Implementation



Definition
Secondary Selective Substation
• Substations having two busses, each supplied by a normally‐

closed incoming line circuit breaker and connected together 
by a normally‐open bus tie circuit breaker.



Single Tie Arrangement



Double Tie Arrangement



Discussion Topics
How do you design a transfer scheme?
• What conditions are required for transfer?

– Breaker positions?

– Breaker status?

– Voltage conditions?

– Make before break or break before make? 

– Do we need to know about one side or both sides of switchgear to initiate 
transfer?

– Flow Chart, Logic Chart or if then statements?

• What is the equipment arrangement?
– Where are current transformers going to be placed?  Why?

– Where are potential transformers going to be placed? Why?



Discussion Topics
How do you design a transfer scheme?
• Safety concerns?

– Electrical protection requirements?
– Re‐energizing bus with fault present?
– What do I do with downstream power sources (i.e. generators or synchronous 

motors)?
– Sources synchronized?  How do you know?

• Motor spin down complete

• How will the system be implemented?
– Mechanical relays/hardwired
– Electronic relays/hardwired
– Electronic relays/communication



Discussion Topics
How do you design a transfer scheme?
• How do you recover from automatic transfer?

– Automatic or Manual?

• If electronic relays, which ones?
– Pros and Cons for each

– Do you want to program the scheme or do you want to work within an existing 
framework?

– Typical: SEL or MULTILIN

– Does one give you an advantage in terms of end of project paperwork?

– Will final implementation be “black box” approach or will there be certain outputs 
that can be checked to tell you where you are in the transfer initiation by 
technician?



Discussion Topics
How do you design a transfer scheme?
• Communication between team members?

– No two engineers will design the system the same way.

– What are common assumptions?

• Single mode of failure or multiple?

• Will additional failure modes be handled with internal programming or 
procedural changes to the operation of the equipment.

• What ranges or setpoints will be utilized? Why?

• What requires an alarm to be sent?

• What requires the automatic system to be disabled?



Discussion Topics
How do you design a transfer scheme?
• How do you test the system?

– What equipment is needed?
– If doors are stand alone

• Where do you test the system?
– Factory
– Office/Lab
– In the field

• Who should be involved in final testing?
• Who decides on final testing methodology?



Discussion Topics
How do you design a transfer scheme?
• How do you know if your system is working properly?
• Maintenance

– What needs to be done on a periodic basis?
• Software updates, how do they effect the current system?
• Who maintains programming files?
• Standard breaker maintenance and time testing?
• Relay testing to validate accuracy?

• Training
– Who gets trained?
– What material is provided to make that individual successful?









Flow Chart





One‐Line 
Depiction

• 27I‐1, 27I‐2 Instantaneous under voltage relay
• 27R‐1, 27R‐2 Residual voltage relay, 3 phase
• 50/51‐1, 2  Instantaneous and time overcurrent relay
• 50N/51N‐1, 2  Residually connected instantaneous and time overcurrent relay
• 51G‐1, 2  Transformer X0 connection overcurrent relay



One‐Line 
Depiction

• 63 ‐ Transformer fault pressure relay, rate‐of‐rise type or Buchholz relay
• 63X ‐ Auxiliary seal in relay
• 86T‐ Hand reset transformer lockout relay
• 25‐ Synchronism check relay 



One‐Line 
Depiction

• 27I Relays 27I prevent an automatic transfer from occurring upon simultaneous 
loss of both sources, or loss of one source and low voltage on the other.  
Relays 27I operate through auxiliary relay 96. Because relays 96 are time 
delay type, an automatic transfer is also prevented upon simultaneous 
restoration of both sources after a double outage. Relays 27I also seal in 
relays 97 to prevent transfer if the supply breaker should trip first on 
overcurrent faults in the secondary selective substation. 



Main Breaker Schematic

27I Relays 27I prevent an automatic transfer from occurring upon simultaneous 
loss of both sources, or loss of one source and low voltage on the other.  
Relays 27I operate through auxiliary relay 96. Because relays 96 are time 
delay type, an automatic transfer is also prevented upon simultaneous 
restoration of both sources after a double outage. Relays 27I also seal in 
relays 97 to prevent transfer if the supply breaker should trip first on 
overcurrent faults in the secondary selective substation. 



Main Breaker Schematic

50/50N  Relays 50 and 50N operate through the 97 relay, and are used to block 
transfer during overcurrent faults until the fault is cleared by the feeder breaker or 
incoming line breaker.  When the settings are properly set they permit relay 27 to 
time out faster under fault conditions.  The backup to this scheme includes time 
current/voltage coordination between the 51 overcurrent relay and  the 27 
undervoltage relay.  The 51 relay should trip before the 27  sends the tripping signal.  



Main Breaker Schematic

•83‐ Auxiliary relay used in the transfer initiation from the main breaker to 
the tie breaker via the following functions: 
Trips the main breaker Closes the tie once the main breaker opens, and the 
bus voltage is 25% of it nominal value to prevent out of phase re‐closer



Main Breaker Schematic

• Auxiliary relay, instantaneous pickup, adjustable time delay drop out
TDDO‐ time delay dropout, 
TDC‐ time delay closing, 
TDO‐time delay opening



Main Breaker Schematic

• 52LS-1 contact closes when incomer No. 1 is in the racked in position.
• 52LS-2 contact closes when incomer No. 2 is in the racked in position.
• 24LS contact closes when the tie breaker is in the racked in position.
• 52-2/a contact closes when incomer No. 2 breaker is closed.
• 10 trip selector switch used in manual transfers.



Main Breaker Schematic

• 24/a contact closes when the tie breaker is closed.
• 52-1/a contact closes when incomer No. 1 breaker is closed.
• 96-1/TDC blocks the automatic transfer if the incomer No. 2 bus voltage is not

healthy.
• 97-1/TDC blocks the automatic transfer if the 50 instantaneous current relay

detects flow of fault current. The block doesn't clear until the 50 relay
clears and there is no longer a depressed undervoltage condition
caused by the fault condition.



Main Breaker Schematic

• 24/b breaks the transfer system seal in rung when the tie breaker closes.
• 83-1 auxiliary relay that initiates the automatic transfer.



























Final System Logic Diagrams
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Final System Logic Diagrams





Final System Logic Diagrams



Final System Logic Diagrams



Understanding Power Concepts

Part 2
– Electrical Studies

• One lines
• SC
• LF
• I2T

– Transfer Schemes
– Cable Types
– Feeder Designs



Insulated Cable & Raceways
‐ For Substation Applications



Presentation Objectives

Understand the basics of cable construction

Know what are the usual cables used in a substation

Understand the basics of raceways in substations

Know what are the usual raceways used in substations



ImportanceCables
Cables are defined as the backbone of any 
substation. They connect the devices in the control 
building to various items in the field.

Raceways
Raceways are defined as the means of protecting 
the cables from physical damage as the cables go 
from the control building to the various devices in 
the field.



Cables

Cables follow the various voltage levels

300 volts

600 volts

5,000 volts

15,000 volts 

Per IEEE:-

Low voltage is under 1KV

Medium voltage is 1K through 99KV

High voltage is 100K through 250KV (?)

Extra high voltage is 250KV (?) and above 



Cables

For instrumentation 300V cable is just fine.

For power and control in a substation, 600 V is the cable that 
we use.

5,000 V cable is used in a power line carrier (PLC) system.

If we are involved in power distribution then we could be 
using 15,000 V cables. Occasionally we may be at 35,000 V 
distribution, but I would expect that to be overhead bare and 
not insulated cable.

Of course there are exceptions such as obtaining station 
service power from a transformer tertiary, 0f from a 
distribution line. These exceptions are not major and will be 
defined early in the project. 



600V Cables
Cables are needed for:

Transformers – power, control & status

Circuit breakers – power, control & status

Circuit switchers – power, control & status

Disconnect switches – status

Station service power – power

CT’s & PT’s – for heater, control

Lights – power

Cap Bank Regulation – power control & status

Substation security – mixture

Control building – power & status

Relay panels – power, control & status



600V Cables
 Not all substations are created equal. There are subtle 

differences, and for cable you need to know the following.

• For a 138kV yard and below, power (AC & DC), control and status 
cables are not required to be shielded.

• For a 345kV yard and above, control and status cables going out to 
the equipment are shielded. Control and status cabling within the 
control building do not need to be shielded.

• Shielding is grounded at one end: the panel end.
Make sure your panel design has the vertical ground bus.

• 345kV substations are physically large so voltage drop must be 
looked at. Therefore, cables may be larger at 345kV and above than 
a typical 138kV substation.



600V Cable – THHN/THWN

A. Bare, Stranded Copper Conductor
B.  Insulation ‐ Okoseal
C. Covering ‐ Nylon 

Insulation
Okoseal is Okonite's trade name for one of its PVC (polyvinyl chloride) 
insulating compounds with good electrical, mechanical and flame resistant 
properties. 
Covering
The nylon covering provides excellent mechanical strength and resistance 
to oil, gasoline and chemicals. 
Applications
Okoseal‐N Type THHN or THWN 600 Volt Power Cables are recommended 
for use in branch circuits or feeders, as machine tool wire or appliance 
wire. Type THHN or THWN is rated at 90°C in dry locations and 75°C in wet 
locations in accordance with the National Electrical Code. These cables 
may be installed in wet or dry locations, indoors or outdoors, in raceways, 
underground ducts, or lashed to a messenger for aerial installation. 
Okoseal‐N is not recommended for dc operation in wet locations.
Listed by Underwriters Laboratories, Inc. as Type THHN or THWN, VW‐1. 



600V Cable ‐ XHHW
A Bare, Solid or Stranded Copper Conductor
B X-Olene Insulation 

Insulation
X-Olene is Okonite's trade name for its chemically cross-linked
polyethylene insulating compound with outstanding electrical
and physical properties. Its excellent chemical physical
resistance permits X-Olene's use in areas exposed to alcohol,
ketones and dilute acids and bases, without additional 
coverings.
Applications
X-Olene Type XHHW-2 600 Volt Cables are recommended for
general low voltage power and control applications. Where the
National Electrical Code applies, Type XHHW-2 may be used up
to 90°C in wet or dry locations. These cables may be installed in
wet or dry locations, indoors or outdoors, in raceways,
underground ducts, or lashed to a messenger for aerial
installation. 
Specifications
Conductor: Bare, solid or stranded copper per ASTM B-3 or B-8.
Insulation: Meets or exceeds all requirements of ICEA S-95-658,
NEMA WC-70, and UL Standards. 
Listed by Underwriters Laboratories, Inc. as Type XHHW-2.



600V Power Cable
The difference between THWN/THHN & XHHW

1. Ampacity

a. see NEC table 310-16 and there is none

2. Thickness of the insulation

a. see NEC table 310-13 (NEC 2008) and XHHW is 
thicker

3. Roughness of surface – nylon is smooth XHHW is rough

4. Nylon can crack if mishandled and XHHW can split if soap 
is not used.











600V Control Cable (Shield)
A Coated, Stranded Copper 

Conductors 
B Okonite-FMR Insulation 
C Marker Strip 
D Flame and Moisture Resistant 

Fillers 
E Cable Tape 
F Okolon Jacket

A Coated, Stranded Copper Conductors 
B Okonite‐FMR Insulation 
C Marker Strip 
D Extruded Fill and Belt 
E 5 mil Longitudinal Corrugated Coated 
Copper Shield 
F Okolon Jacket 





Cable List



 



Cable List



300V Communication Cable
A  Bare Stranded Copper Conductor                     B  Okoseal Insulation

C  Twisted Pair/Triad                                                   D  Aluminum/Synthetic Polymer Tape

E  Tinned Stranded Copper Drain Wire               F  Rip Cord

G Black Okoseal Jacket                                               

Specifications

Conductors: Bare soft annealed copper, Class B, 7-strand concentric per ASTM B-8.

Insulation: Flame-retardant Okoseal® (PVC) per UL 13 and UL 2250, 15 mils nominal thickness, 105°C 
temperature rating.

Conductor Identification: Pigmented black and white in pairs, black, red and white in triads.

Assembly: Pair or triad assembled with left-hand lay.

Cable Shield: Aluminum/synthetic polymer tape overlapped to provide 100% coverage, and a 7-strand tinned 
copper drain wire, same size as conductor.

Jacket: Black, flame-retardant, low temperature Okoseal per UL 13 and UL 2250. A rip cord is laid 
longitudinally under the jacket to facilitate removal.

Classifications

UL Listed as ITC/PLTC — Instrument Tray Cable/Power Limited Tray Cable for use in accordance with Article 
727 and Article 725 of the National Electrical Code.

The overall shield eliminates most of the static interference from the electric field radiated by power cables and 
other electrical equipment.

For dc service in wet locations, X-Olene® insulation is recommended.



300V Communication Cable ‐ Pt1
A Bare Stranded Copper Conductor         B X-olene Insulation 
C Twisted Pair/Triad                                       D Aluminum/Polyester Tape 
E Tinned Stranded Copper Drain Wire   F Rip Cord 
G Inner Black Okoseal Jacket                      H Impervious, Continuous Corrugated 

Aluminum C-L-X Sheath                      
J Outer Black Okoseal Jacket

Specifications 
Conductors: Bare soft annealed copper, Class B, 7-strand concentric per ASTM B-8.

Insulation: X-Olene (XLP), UL Standard 13 and 2250, 15 mils nominal thickness, 90°C 
temperature rating.

Conductor Identification: Pigmented black and white in pairs, black, red and white in triads. 

Assembly: Pair or triad assembled with left-hand lay.

Communication Wire: 20 AWG solid copper conductor, 15 mils X-Olene, 90°C temperature 
rating.

Cable Shield: Aluminum/Polyester tape overlapped to provide
100% coverage, and a 7-strand tinned copper drain wire, same size as conductor. 

Cont… Over 



300V Communication Cable – Pt2
Inner Jacket: Black, flame‐retardant, low temperature Okoseal (PVC) per UL Standard 13 and 2250. A rip cord is laid 
longitudinally under the jacket to facilitate removal. 

C‐L‐X Sheath: A close‐fitting, impervious, continuously welded and corrugated aluminum sheath provides complete 
protection against moisture, liquids, and gases, has excellent mechanical strength and provides equipment grounding 
through the sheath.

Outer Jacket: Black, flame‐retardant low temperature Okoseal per UL Standard 13 and 2250.

Classifications 
UL Listed as ITC/PLTC — Instrument Tray Cable/Power Limited Tray Cable for use in accordance with Article 727 and 
Article 725 of the National Electrical Code. 

These cables comply with UL 2250 and UL Standard 13 for PLTC, CL2 and CL3. 

Applications 
Okonite Type C‐L‐X P‐OS (Pair/Triad ‐ Overall Shield) instrumentation cables are designed for use as instrumentation, 
process control, and computer cables in ITC non‐classified or labeled circuits up to 150 volts and 5 amps (750VA) and in 
Class 2 or 3 Power‐Limited circuits where shielding against external interference is required, but shielding against 
interference among groups is not required; indoors or outdoors; in wet or dry locations with conductor operating 
temperatures up to 90°C; in cable trays; in raceways; supported by a messenger wire; under raised floors; for direct burial. 
Suitable Class I, Division 2, Class II, Division 2, or Class III, Division 2 hazardous locations. Also for use as Power‐Limited 
fire protective signaling cable (FPL) per NEC Code 760. 

The C‐L‐X sheath provides physical protection against mechanical damage. It may be installed in both exposed and 
concealed work, secured to supports not greater than 6 feet apart.



Raceways
There are several basic raceway methods

1. Direct buried cables encased in select 
back-fill 

2. Conduit encased in select back-fill
3. Conduit encased in concrete
3. Concrete trench

The function of the raceway is to protect the cable as it
travels from the panel through the control building,
across the yard and up the equipment to the junction
box. Therefore, the raceway can be the panduit, tray, 
conduit and flex.



Raceways
• Direct buried

Direct buried is the cheapest method of routing cable between two 
points. You dig a trench, toss in or layer in the cables, add a tracer 
tape on top, and fill up the trench with selected back‐fill –or not. 
But there are heavy drawbacks.
a. Lack of flexibility to add or remove cable
b. Lack of ability to access the cable if a problem happens
c. Very risky to dig up the trench to add or remove cables
d. Location drawings are usually not accurate

This is not a recommended way to do business, unless the client 
specifically requests it.



Raceways
• Conduit encased in select back‐fill

This a better than direct buried but not as expensive as using 
concrete. You dig a trench, install the conduits using spacers, pour 
select back‐fill or sand, add a tracer tape on top, and fill up the 
trench with selected back‐fill –or not. 

Usually there is a main raceway that leaves the control building 
running through the yard. Throughout the length of the raceway 
conduits peal off to their respective equipment. The conduits that 
peal off are still encased in select back‐fill
a. This is a good  design
b. Need to install spare conduits of the right size
c. May need man‐holes depending on layout



Raceways
• Conduit encased in concrete

This a much better way to do business but it is also the most 
expensive. You dig a trench, install the conduits using spacers, pour 
red concrete, add a tracer tape on top, and fill up the trench with 
selected back‐fill –or not. 

Usually there is a main duct bank that leaves the control building 
running through the yard. Throughout the length of the duct bank 
conduits peal off to their respective equipment. The conduits that 
peal off are still encased in concrete.
a. This is a robust design
b. Need to install spare conduits of the right size
c. May need man‐holes depending on layout



Raceways
Concrete trench
Raceways are better than direct buried, 
cheaper than duct banks, and more 
flexible than both. You dig a trench, 
install the concrete trench, back‐fill 
about the trench with selected back‐fill 
–or not, install the cables and put the 
lids on.

This photo illustrates a pedestrian 
trench & road crossing with steel 
checker plate lids



Raceways



Raceways



Raceways
The Field End

The CVT JB is a classic installation of 
the three CVT’s coming into the JB 
and the one main conduit out of the 
JB.



Raceways
Control Room End

Overhead tray 
protecting the cables 
before they drop into 
the relay panels.



Raceways



Raceways
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Fiber Cable

ADSS MINI‐SPAN® Series 484 Fiber 

Fiber cable is used for communication between substations and 
back to the control center. The incoming cable interfaces with the 
substation fiber cable at the bottom of the incoming pole. Then the 
substation fiber cable is routed to the substation control building.



Fiber Cable



Cable Tray

• Article 392 – Cable Trays (Ampacity, Cable fill, 
Installation, Supports, grounding, separation of 
trays, uses not permitted and uses permitted.

• NEMA – VE1, FG1, VE2 and CTI – Cable Tray 
Institute



Cable Tray
Definition:  A unit or assembly of units or sections and associated fittings forming 
a ridge structural system used to securely fasten or support cables and raceways.  
Cable trays are used to hold up and distribute cables



Materials Used
• Steel 
• Stainless Steel 
• Aluminum
• Fiberglass

Standard Length.
10’,12’,20’,& 24’

Rung Spacing
6”,9”,12” & 18”

Different Widths of Cable Tray
6”,9”,12”,18”,24”,30”,36”

Different Depths of Cable Tray
3”,4”,5”,6”,7”,8”



Different Types of Cable Tray
• Wire Basket
• Ladder-Different Variation of rung spacing
• Ventilated Trough. Non ventilated trough
• Solid
• Center Rail system

Different Types of Cable Tray Covers
• Solid Flat 
• Solid Flanged 
• Ventilated Flanged 
• Peak Flanged 
• Pitch Peak Flanged

Loads on cable Tray 
• Wind
• Snow & Ice
• Seismic 
• Concentrated loads converted to uniform load



Supporting Cable Tray
• Purlin, beam
• Pipe Rack
• Strut & threaded rod (trapeze)
• Custom Supports shop or field fabricated
• Adding support to existing system vs Heavier cable tray
• (Build 50 supports vs specifying Heavier tray)

Factors for selecting correct Cable Tray
• Inside bending radius minimum
• Spans
• Client Standards
• Fiberglass instead of steel or aluminum because of 

environment
• Weight of cable in tray
• Power vs Instrument cable
• Weight of cable & tray vs. Span Distance
• Type of cable being routed in the tray



Cost Comparison of cable tray vs. conduit
It costs the same amount of money to install 2-2” RGS conduits as is cost 
to install a 24” wide Cable tray

Fittings
There is a wide variety of fittings for cable tray.
Not all types of cable tray carry all of the same fittings.  Don’t take this for 
granted, go and look up the parts you need to design your tray system.

Design Cost Savings
• Save money and manpower Now & Later
• Requires less space
• Material cost savings-Installation
• Manpower savings – Installation
• Maintenance  Savings – Less down time to possible no down time
• Enter & exit cable tray anywhere along the tray route



Cost Factors 
• Less cable pulling cost
• Cheaper than conduit installation 

Cable tray in some situations is not always the best solution, but most of the 
time it is. 



Outdoor cable Tray
• Consider tray covers & clamps
• Space available in existing pipe rack
• Space available & location on new rack
• Clients specifications and minimum space allowances 
• Cable identified as being sunlight resistant

Cable Tray Ground
Usually a bare cable or covered, is installed in the tray & secured to each section 
of tray as a continuous ground conductor

Cable Trays in Hazardous classified areas
Shall only contain certain permitted cable types

Cable Tray Code Issues
Article 500 – Classified areas
Article 392 – Cable Trays (Ampacity, Cable fill, Installation, Supports, grounding, 
separation of trays, uses not permitted and uses permitted.
Article 250 – Grounding and Bonding
NEMA – VE1, FG1, VE2 and CTI – Cable Tray Institute







A tube, pipe or channel for carrying 
electrical current carrying conductors.

Ductbank Definition:



Considerations Before Starting 
to Design a Ductbank



• Cost of above grade vs. below grade

• Soil Conditions

• Ground Contamination of Soil

• Seismic Zone



• Underground Interferences

• Manhole placement, hand hole     
placement

• Existing  means to get conductors 
from Point “A”   to Point “B”



•Size of overall ductbank

•Length of runs

•Bending Radius



• Conduit Type (RGS,PVC,PVC Coated 
RGS)

• Depth

• Spare Ducts

• Client Needs



1) Precast Trench 

2) Direct Buried

3) Cast in Place

Types of Ductbank



Precast Trench
• Excavation is minimal
• Easy to install
• Derating cable necessary
• Cable pulling quick & easy
• Must consult Civil Engineer for 

drainage concerns
• Adding fixed spacers for more 

than one row of conductors
• Over/Under areas to keep voltage 

class separated that cross
• Work with vendor on site lay out



Direct Buried
• No concrete in ductbank but could be over 

the ductbank for protection
• Spacers 3'-6' on center or sand for spacer 
• Backfill with sand /sandy soil mix
• Magnetic tape over top of duct bank 1'-0" 

below top of grade for warning
• Bury copper ground cable with conductors
• Don’t need man holes or hand holes
• Derating cables necessary



Concrete Encased Ductbank
• Spacers 6‘  on center 
• Rebar to reinforce & 

hold ducts down while 
concrete is poured

• Bare copper ground 
cable embedded at 
bottom of duct bank in 
concrete, usually #4/0 
AWG.



Concrete Encased Ductbank
• Connect ground cables in 

manhole w/ exothermic weld or 
certified compression connection

• Red Dye in concrete at top and or 
magnetic tape for warning
Manhole/ hand holes required
Minimum 3” concrete to cover 
duct bank on all 4 sides





Manholes / Handholes
• Precast & 

delivered to site
• Cast in place
• Fiberglass 

handholes or 
concrete



Manholes / Handholes
• HS20 Cover- Highway rated manhole cover for vehicle traffic

• Coordinate with structural engineers to get the size and 
thickness of the pulling eyes, sump, rebar, embedded strut, etc. 
into the manhole

• Duct  sealant,  bushings at penetrations into the enclosure.



Manholes / Handholes

• Materials shall confirm to ASTM A48 –
Standard  spec for Gray Iron Castings

• Minimum clear opening through the frame 
will be 30 inches (man way opening)

• Provide  lid lettering “Electric” for power 
manhole and “Telephone” for 
communication manhole

• Paint manhole ladder one coat of rust 
inhibiting  primer & two coats of water based 
alkyd enamel safety yellow



Ductbank Risers

• Change in conduit  type PVC to RGS

• Direct  buried run thru RGS elbow & riser

• Concrete pad and duct spacing for ground rings 
and/or end bells



Ductbank Orientation

• High  Voltage on top
• Medium Voltage Middle
• Low Voltage Bottom
• Instrumentation/ Control



Notes:

1. Before starting the design of the ductbank it is a 
good idea to get a site plan drawing and sketch 
the duct bank where you think it will go with 
hand holes/manholes. Also, your design will 
have to be coordinated with ditches, drains, 
footings, swells, marsh land, pipe racks, 
buildings, skids, right of ways, etc.



Notes:

2. Derating cable usually increases the size of the cable 
and causes more ducts to be incorporated into the 
design 

3. Depth and size of ductbank must be coordinated  with 
the structural  and civil disciplines 

4. NEC Tables for ductbank are based around 20°C  earth 
ambient temperature 



Ductbank Penetration  Considerations

• Into Manholes
• Into Hand Holes
• Through basement or underground walls coordinate w/ 

structural for penetration size & details 
• Smoke/Fire stop fittings (kits), water tight fittings
• Dimensions to ductbank stub-up from a common point
• Insulated bushings



Minimum Cover Requirements for Direct 
Buried Ductbank

• In state  right of ways the minimum vertical 
clearance is 36” below top of pavement and 30” 
below the existing top of grade

• The direct buried ducts shall be no closer than two 
feet behind the curb  and if buried under a 
sidewalk or bike path the minimum depth is 18” 
according to the NEC



•The 18” min depth below sidewalks may be reduced 
6” for every 2” of concrete or equivalent above the 
conductors

•Areas subjected to heavy  automobile traffic shall 
have a minimum cover of 24”

Minimum Cover Requirements



Ductbank Alignment:
• PVC Ducbank is flexible during normal weather conditions
• 4” duct can be bent cold to a 20’ radius and a 6” duct can be 

bent cold to a 40’ radius
• Any shorter radius  bends must be done with a duct heater 
• This duct shall be placed in spacers 6’ on center



Note

• The deeper the ductbank the wider the 
cutback needed into the earth





Code Requirements:
NEC & IEEE C2, NESC, NECA

(ex.) NEC, Article 110 Manholes
NEC, Article 310 Conductors & General Wiring
NEC, Article 725 Class 1, 2, & 3 circuits

*The NEC has no provision for determining the derating
effects of multiple duct bank and/or direct buried cables
in close proximity. We do have an in-house program that 

you can use.



Understanding Power Concepts

Part 2
– Electrical Studies

• One lines
• SC
• LF
• I2T

– Transfer Schemes
– Types of Cables
– Feeder Designs



Feeder Design

















Designing Feeders

• Solve for continuous current
• Solve for short circuit current rating
• Maximum allowable voltage drop






























































































































