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SUBSTATIONS STUDIES & EQUIPMENT APPLICATIONS

BULK POWER SYSTEM ADEQUACY ASSESSMENT
Powertech Labs conducts bulk power system adequacy assessment to quantify the adequacy of the combined 
generation and transmission system.

Reliability Assessment

The developed models are used to quantify the bulk power 
system adequacy. The reliability indices for the bulk power 
system can be calculated for each load point as well as 
for the overall system. The load point indices reflect the 
severity of the impact of a contingency at each load point. 
The reliability indices calculated are PLC (probability 
of load curtailment), EDLC (expected duration of load 
curtailment) (hrs/year), and EENS (expected energy not 
served) (MWh/year). Moreover, various other indices 
recommended by IEEE, or regulatory bodies can be 
evaluated from the results of the assessment.

The bulk power system reliability assessment can be used 
to assess the past performance of the transmission system 
as well as predict the future performance of the generation 
and transmission systems. The assessment also provides 
information on unreliability cost indices which can be 
used to evaluate the reliability worth. This evaluation is 
quite important in making investment decisions for new 
resources to improve the reliability of the system. This 
evaluation is also important in comparing different system 
designs based on reliability performance.

Analysis and Recommendations

A final report of the study includes the analysis 
of the findings and results from the study and 
recommendations based on the adequacy assessment 
of the combined generation and transmission system. 
The recommendations and results derived from this 
assessment will be valuable to electric utilities, utility 
planners and regulatory authorities predicting the 
performance of different system designs and planning for 
reinforcements and resource expansion.

Two important aspects of the power system planning are 
the determination of the required generation capacity to 
meet the future load demand with an acceptable level 
of assurance and the development of a transmission 
network to transfer the power from generation facilities 
to the customer load points. Although the system has 
enough generation to meet the future load demand, it 
might still have reliability issues due to the constraints 
in transmission lines related to capacity limits, thermal 
limits, and system stability limits.

The bulk power system adequacy assessment quantifies 
the static ability of the system to meet the load demand. 
Therefore, the bulk power system adequacy assessment 
serves as an effective planning tool to identify the 
weak areas of the power system network from the 
reliability perspective and reinforce them with justifiable 
investments.

Powertech services include the following:

Modeling and Simulation

We model the generation and transmission systems in 
detail considering random component failure events. 
Generation unit and transmission lines are modeled 
with a discrete probability density function of different 
capacity states. These models are used in the Monte Carlo 
Simulation (MCS) framework for adequacy assessment. 
Load curtailments due to the impact of a contingency are 
recorded for analysis and calculation of reliability indices. 
DC optimal power flow (DCOPF) or AC optimal power 
flow (ACOPF) is used to optimize generation scheduling 
and minimize load curtailments. DCOPF is used for fast 
analysis whereas ACOPF is used for a more comprehensive 
analysis of bulk power system adequacy.
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ELECTROMAGNETIC INDUCTION STUDIES
Powertech conducts electromagnetic studies at Substations supported by state of the art 3D modelling and field 
measurements.

Asset Sustain Management Benefits

By early identifying the hot spots within the area influenced 
by the electromagnetic fields, safety of field workers and a 
significant reduction of repair downtime can be achieved. 
Powertech uses IEEE C95.6 standard and best industry 
practices to determine the permissible thresholds for the 
electromagnetic fields density. In case, the calculated 
and measured values exceed the tolerable limits, 
Powertech can develop mitigation strategies to modify the 
electromagnetic field profiles.

Personal Safety

Workers’ exposure to electromagnetic fields must be 
monitored for their safety in a wide range of industrial 
areas, machinery, and manufacturing processes.

Low frequency electromagnetic fields are associated 
mainly with the supply of electricity, through the 
generation, distribution and use of alternating current 
(AC), and they are always present in our surroundings. 
Electric power stations, high-voltage and medium-voltage 
lines, transformers, electric motors and railway lines are 
the main sources of these electromagnetic fields.

High voltage transmission lines create electromagnetic 
fields around the energized conductors. Electromagnetic 
fields induce voltages on any metallic objects located in 
close proximity of transmission lines. The induced voltages 
can endanger the safety of public and field workers in the 
area influenced by electromagnetic fields. Besides the 
safety concerns, induced voltages can cause corrosions 
on the surface of pipelines, penstocks, and railways. In 
the case of pipelines, if the coating is not strong enough to 
withstand the excessive stress exerted by induced voltages, 
it can lead to mechanical breakdown.

The electromagnetic fields can also cause interferences on 
the communication networks.

Powertech services

Powertech utilizes state of the art 3-dimensional 
mathematical modeling software to study safety hazards 
associated to Electromagnetic fields. We can calculate 
the electric field density and magnetic field density in the 
volume of the understudied system with comprehensive 
details. In the case of substations, the impact of 
electromagnetic interference from overhead transmission 
lines on all existing electrical equipment such as circuit 
breakers, disconnect switches, transformers, insulators, 
etc. can be modelled.
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SUBSTATIONS STUDIES & EQUIPMENT APPLICATIONS

SUBSTATION GROUNDING MEASUREMENT
Powertech Labs conducts ground resistance measurements, and facilitates grounding-related studies.

Fall-of-Potential tests are used to measure the overall 
site resistance over a long traverse. For the uniform soils, 
the station resistance may be obtained at about 62% of 
total length of the measurement. The station resistance 
will be further used in grounding study as a validation 
criteria to assess the accuracy of the simulation models.

Step and Touch potentials measurement are used to 
determine the maximum step and touch potentials 
within the substation and the safe distance where these 
potentials are safe for the public and workers in the close 
vicinity of the site. Similar to the FOP test, the measured 
step and touch potentials can also be used to validate 
the grounding grid model via comparison against the 
calculated values and permissible step/touch potentials.

Connectivity of the substation grid components can be 
verified via the Bonding integrity test. Recommendations 
will be provided if bonding has not been performed 
according to the IEEE standard.

Finally, underground metallic objects such as pipelines 
and counterpoises are detected to account for a more 
accurate representation of the ground grid.

Reporting and Grid Enhancement Recommendations

A sealed final report of the study includes assumptions, 
findings, calculation results, conclusions, and 
recommendations for enhancing the grid and eliminating 
the existing hazards while ensuring the safety of the 
personnel and equipment.

Powertech engineers can develop a bill of materials 
for grounding construction to implement the proposed 
mitigation recommendations.

Grounding studies are performed to assess the safety of 
the personnel who work in close proximity of electrical 
systems under normal and fault conditions. Examples of 
this type of studies include mobile phone site installation, 
pipeline safety inspection, and grounding grid evaluation 
of transmission and distribution substations as well as 
generating powerhouses.

Ground resistance measurement is a core input for any 
kind of grounding studies which involve, including but not 
limited to, calculation of ground potential rise, transfer 
potential, step and touch potentials, induced voltage, and 
circuit-to-circuit separation distance.

Powertech services include the following:

• Site Inspection

• Soil Resistivity Measurement

• Fall-of-Potential (FOP) Test

• Step and Touch Potentials Measurement

• Underground Metallic Object Detection

The main purpose of a site inspection is to identify any 
existing and/or potential hazards, verify properly bonding 
of neutral connections to the ground grid and to assess 
the quality of the crushed rock in the substation. When 
inspecting hazardous situations, recommendations and/
or mitigations strategies will be provided base on the IEEE 
guidelines.

Soil resistivity measurement is conducted using the four-
point Wenner method. The data obtained via measurement 
will be further used to model the soil through determining 
soil resistivity values and thickness between the soil 
layers.
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MEASUREMENTS OF HIGH VOLTAGE TRANSIENTS WITH OPTICAL 
SENSORS
Powertech Labs conducts field measurements of high voltage transients using optical voltage transducers and electric 
field sensors.

Equipment Performance Evaluation

Powertech’s engineers can evaluate equipment 
performance against application requirements. This 
analysis can be enhanced by transient simulation analysis 
conducted in advance to the field measurements to develop 
a more effective testing plan by identifying the most critical 
and practical switching scenarios as well as to predict 
frequency responses.

Equipment Commissioning Testing

Our optic measuring system can easily be deployed 
during critical power system equipment commissioning. 
Examples of these applications are commissioning of 
circuit breakers, air and gas insulated disconnects, reactor 
de-energizing, transformer energizing, staged faults 
among others.

High voltage transients following equipment switching 
or balanced and unbalanced faults can involve a rich 
content of high frequencies. Furthermore, often the nature 
of the transient’s frequency response can be affected 
by introduction of passive measuring devices such as 
inductive or capacitive sensors. Key attributes of a good 
measuring system include safety, accuracy, dynamic range 
and representation bandwidth among others.

Optic sensors provide a significant advantage when used 
to measure high voltage transients involving a wide band 
frequency response including DC. An additional benefit 
of optic sensors is the galvanic isolation that minimize 
electrocution hazards. Current optical instrument 
transformers are based on Faraday and Pockels effects 
originally proposed in the 60s and commercially available 
since late 90s.

Powertech services include the following:

Field Measurements

Powertech currently has two mobile optical measuring 
sets composed by a three phase Optical Voltage 
Transducer (OVTs) and a three phase Electric Field Sensor 
(EFSs). These sets can be used together or independently 
allowing us to measure voltages across circuit breakers, 
disconnects, transformers or up to six different locations 
on the same phase.

Each sensor is equipped with a 200m optic fiber to acquire 
the waveforms at a convenient and safe distance from the 
measuring point.

The OVT system require by-land transportation to the 
site while the EFS system can be transported by plane. 
Powertech’s mobile optic voltage transient measurement 
system operation range is from 25kV up to 500kV with a 
frequency representation bandwidth up to 20kHz.
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SUBSTATIONS STUDIES & EQUIPMENT APPLICATIONS

POWER SYSTEM RELIABILITY: ADEQUACY ASSESSMENT
Powertech Labs conducts generation adequacy assessment and provides recommendations in the planning process for 
new resources.

Reliability Assessment

The developed models are used to quantify the generation 
adequacy of the system. The reliability indices calculated 
are LOLE (loss of load expectation) (days/year) and LOEE 
(loss of energy expectation) (MWh/year). Planning reserve 
margin of the system is determined based on the LOLE 
criterion to be satisfied as recommended by NERC. The 
reliability assessment can be performed as a seasonal 
assessment or long-term assessment.

• Seasonal Assessment: Assessment of the adequacy 
of the system for upcoming seasonal demand (winter/
summer).

• Long-Term Assessment: Assessment of the system 
adequacy over the 10-year period.

These assessments help in the short-term as well as 
long term planning of the system to meet the future load 
demand.

Capacity Value of Variable Resources

Determining the capacity value of variable renewable 
resources such as wind and solar is very important 
to participate in the capacity market. The adequacy 
assessment framework can be used to determine the 
capacity value of wind and solar resources and quantify 
the contribution of renewable energy resources in the 
reliability of the system.

Recommendations

A final report of the study includes the analysis of results 
from the study and recommendations for reliability 
improvement based on results. The analysis provides 
a clear picture of the resource adequacy of the system 
for the short-term as well as long-term period. The 
recommendations will be valuable to electric utilities, 
utility planners and regulatory bodies in planning the 
system.

The primary objective of the power system is to supply 
electrical energy to the customers as economically as 
possible while maintaining an adequate and acceptable 
level of reliability and complying with the environmental 
policies. Economy and reliability are inversely related 
to each other. Underinvestment in the resources 
compromises the reliability leading to customer 
dissatisfaction whereas overinvestment leads to improved 
reliability but at higher operating costs which is reflected 
in the increased tariff structure. NERC provides the 
guidelines and standards regarding planning criteria to be 
met to consider both reliability and economic constraints 
in the resource planning phase.

The adequacy assessment quantifies the reliability of the 
generation system and helps in ensuring the adequacy of 
the system to satisfy future load demand. Therefore, the 
adequacy assessment serves as an effective planning tool 
to make investment decisions regarding the installation of 
the new resources based on planning criteria.

Powertech services include the following:

Modeling and Simulation

Our team can model the various types of generation 
resources such as thermal, energy limited resources 
(hydro), and variable renewable resources (wind, solar). In 
addition, we can also model the interconnection between 
different jurisdictions considering interconnection 
agreements and chronological and non-chronological load 
demand. These models are used in analytical as well as 
Monte Carlo Simulation based framework for adequacy 
assessment. The modeling approach is flexible and 
scalable to consider a system of any size with different 
interconnections.
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SUBSTATION GROUNDING STUDIES
Powertech Labs conducts ground grid assessments and studies, and facilitates different grounding related testing.

Modelling

By using state-of-the-art grounding analysis software, 
our team can model and evaluate the grounding system 
for both greenfield and brownfield customer sites. We can 
calculate the different layers of soil resistivity, the ground 
grid resistance, the fault current split, the maximum 
tolerable step and touch potentials, the step and touch 
potential available at different site locations, and the 
ground potential rise of the grounding system. Based on 
these calculated values, Powertech engineers will develop 
recommendations and a computerized model to enhance 
the station grounding system, if needed, to meet the 
required performance.

Reporting and Grid Enhancement Recommendations

A sealed final report of the study includes assumptions, 
findings, calculation results, conclusions, and 
recommendations for enhancing the grid and eliminating 
the existing hazards while ensuring the safety of the 
personnel and equipment.

Powertech engineers can develop a bill of materials 
for grounding construction to implement the proposed 
mitigation recommendations.

At substations, grounding grids serve a dual purpose of 
providing currents with a safe path to earth under normal 
and fault conditions without exceeding the operating 
tolerances of station equipment, while keeping personnel 
safe by preventing exposure to electric shock resulting 
from excessive step and touch potentials. Achieving 
acceptable grounding system performance can be 
challenging when dealing with poor soil resistivity and 
constrained station sites. Often, a station’s grounding 
system needs to be re-assessed following increased 
fault level due to addition of new generation sources 
or transmission lines. The IEEE Guide for Safety in AC 
Substation Grounding (IEEE Std. 80) provides guidelines 
for the grounding design for all outdoor, conventional or 
gas-insulated, distribution, transmission, and generation 
substations.

Powertech services include the following:

Data Gathering and Site Visits

Powertech engineers can collect all relevant background 
information, guidelines, and any applicable standards for 
the facility and evaluate the existing documentation. The 
data collected include the most recent soil resistivity tests, 
maximum fault current, and measured grid resistance. 
We can also conduct field visits to evaluate the site 
conditions and assess the grounding system. For input to 
the grounding study, our engineers supervise and facilitate 
site testing.

Testing Supervision

Powertech determines the required location of testing 
and coordinates with the testing team for the preparation 
of the measurements, including ground grid impedance, 
continuity, soil resistivity, and step and touch potential.
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INSULATION COORDINATION
Powertech Labs conducts studies to achieve cost-effective station equipment insulation requirements.

Equipment Specification

We can produce equipment specification sheets, including 
the definition of the equipment Basic Insulation Levels 
(BIL) and Switching Impulse Levels (SIL). This information 
assists customers to develop tender documents, evaluate 
bids, and implement cost-effective overvoltage protection 
and mitigation solutions. We can also specify the required 
ratings and optimal location of surge arresters to 
optimize the capital investment while meeting insulation 
coordination requirements.

Insulation Coordination Solutions

Typical protective solutions implemented by our team 
include:

• Coordinated BIL & SIL equipment ratings

• Surge arresters

• CVT at line terminals

• Controlled switching

• Overhead groundwires at line terminals

Verification of Dielectric Strength

Powertech High Voltage and High Power testing 
laboratories can conduct dry and wet switching impulse 
and lightning impulse tests to verify the performance of 
insulators, circuit breakers, and transformers.

Insulation coordination is the process of selecting the 
most cost-effective equipment dielectric strength and its 
application to avoid equipment insulation damage or affect 
continuity of service. The economic design of a reliable 
substation requires a study of the various overvoltages to 
which the insulation will be subjected such as switching 
transients, fault conditions, power frequency resonance 
conditions, or lightning impulses. At the planning 
stage, this analysis is a very effective way to identify 
cost-saving opportunities when specifying equipment 
ratings. Identifying the location and levels of maximum 
overvoltages stresses helps the design of the facilities 
to take into account minimum clearances and space 
requirements for placement of overvoltage protection 
equipment, and to achieve a safe operation of the facilities 
under normal or contingency scenarios.

Powertech services include the following:

Simulation Studies

Insulation in service must reliably withstand overvoltages 
of different magnitudes, shapes, and duration. Our 
team can perform detailed power system simulations to 
determine the maximum overvoltage stresses for existing 
and new substations, for both normal and contingency 
conditions at the moment of commissioning of the 
equipment and considering future system configurations.

Insulation Coordination & Station Planning

Powertech’s engineers can develop station planning 
one-lines considering construction staging, integration 
to existing equipment, interconnection requirements, and 
proper insulation coordination as per CSA, IEC, ANSI, and 
IEEE standards.
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POINT ON WAVE SWITCHING
Powertech Labs provides technical support for Point On Wave controller specification, commissioning planning, and 
performance evaluation.

Application Equipment Specification

Our team can produce POW equipment performance 
specifications based on interconnection requirements 
and our own system impact studies. We can also review 
POW and CB tender bids to recommend best equipment 
considering switching applications and the power system 
configuration.

Field Performance Verification

Powertech’s Substations Engineering Studies team can 
assist customers to develop their commissioning testing 
plan. Our engineers work with qualified electricians to 
conduct POW controllers integration tests. We can also 
support field commissioning and fine-tuning of POW 
controllers by gathering and analyzing switching records. 
This information allows us to confirm and validate the 
POW controller performance as per the equipment 
specifications and interconnection requirements.

Review of Switching Strategies

One advantage of POW controllers is their capability 
to perform more than one switching strategy to better 
adapt when the network changes (e.g., changes in line 
compensation levels or replacement of CBs with a different 
operating mechanism). Our team can recommend new 
operating strategies, improved settings, or potential 
controller upgrades to fit the application.

Random switching of power system equipment may 
lead to high-frequency overvoltage transient and inrush 
current. This, in turn, may stress the equipment, leading 
to rapid aging or dielectric failure. Point On Wave (POW) 
controllers, also known as Synchronous Switching 
Controllers (SSC), are high-speed microprocessor-based 
relays used to open and close the contacts of independent 
pole operation (IPO) circuit breakers (CB) at the pre-
determined point on wave for minimizing the switching 
transients. This approach minimizes the disturbance to 
the network, as well as the stresses to the associated 
equipment. Very sophisticated algorithm implementations 
are available in the market, allowing POW controllers 
to perform optimum switching of capacitor banks, 
shunt reactors, power transformers, and compensated 
or uncompensated transmission lines. Our team has 
experience with all major POW controller manufacturers.

Powertech services include the following:

Simulation

Using state-of-the-art simulation tools, we model 
switching transients to assess stresses in terms of inrush 
currents, re-strike overvoltages, and transient recovery 
voltage on line terminal CBs. This allows us to determine 
the most effective strategy for implementing POW 
controllers.

Typical application studies for controlled switching are 
reactor de-energizing, capacitor bank energizing, power 
transformer switching, transmission line energizing, and 
single-pole reclosing.
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PROTECTION & CONTROL APPLICATIONS
Powertech Substations Engineering Studies provides support to customers with Protection & Control Planning.

under voltage, over excitation, loss of field, generator 
unbalance, synchronism check, reverse power, 
differential and restricted ground faults

• Switchgears: overcurrent/short circuits, under/over 
voltage, synchronism check and ground faults

• Breaker Failure: design backup plan/scheme to clear 
the fault currents contributions to the faulty section 
should the immediate respective protective device fails 
to operate on the pre-defined time delay

• Power Line Protections: custom-designed line 
differential and distance protections

• Series Capacitor Bank: sizing and selection of the 
series capacitor bank protection elements, including 
Metal Oxide Varistors (MOV), Triggered Air Gap 
(TAG), and Fast By-Pass Switch based on system 
characteristics.

Other Services

Our team can also perform the following protection related 
services:

• Protection & control philosophy writeups to outline 
the required protection schemes for projects that need 
optimization or determination of pickup and thresholds 
values

• Preparation of logic diagrams to outline the prospective 
protection & control scheme applications implemented 
on the system

• Real Time close-loop relay performance protection 
testing

Powertech conducts protection studies to offer the most 
optimal protection scheme options. We develop reliable, 
secure, sensitive and cost-effective solutions to suit the 
application requirements of our customers.

A proper protection scheme is required to:

• Detect abnormal power system conditions including 
but not limited to overcurrent/overload short circuits, 
over/under voltages, over/under frequency, out-of- 
synchronization, breaker failure and reverse power.

• Prevent damage on equipment and negative impact to 
system performance due to prolonged system abnormal 
conditions.

• Maximize system operability by isolating the faulty 
portion from the rest of the system,

• Mitigate arc-flash incident energy by application of 
suitable techniques/methods without compromising the 
basic coordination between protective devices.

• Communicate efficiently between protective devices

Powertech services

Powertech Substations Engineering Studies offers 
development of full protection schemes for the following 
equipment applications:

• Power Transformers Protections: differential, 
overcurrent/short circuits, over excitation, under/over 
voltage and restricted ground fault

• Busbars: high/low impedance differential protection

• Generators: voltage-controlled overcurrent, short 
circuits, thermal overload, over/under frequency, over/
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SF6 DETECTION WITH OPTICAL GAS IMAGING
Powertech detects equipment SF6 leaking using state of the art Optical Gas Imaging (OGI) techniques.

Unlike a traditional “sniffer”, the OGI allows to survey large 
areas quickly and effectively and inspect spaces that are 
difficult to reach with non-contact measurement tools. SF6 
leak detection with OGI techniques provide an additional 
value proposition since the observations can be conducted 
without equipment taking outages in an exceptionally 
safe manner, allowing leaks to be monitored from several 
meters away without any violation of limits of approach for 
the engineers conducting the observations.

Asset Sustain Management Benefits

By early identifying the leak location and the affected 
components, a significant reduction of repair downtime can 
be achieved. Only defective components would be replaced 
reducing the equipment cost (e.g. instead of replacing six 
bushings on a leaking circuit breaker, only the leaking one 
needs to be replaced). By conducting annual preventive 
scans to detect small SF6 leaks long before low pressure 
alarms are activated, reduced amounts of emissions of 
harmful greenhouse gases can be achieved.

Visualize SF6 and Many Other Gases

Invisible gases look like smoke through the lens of our OGI 
equipment, making even the smallest emissions easy to 
see. Powertech OGI is capable of detecting not only SF6, 
but several other gases including Anhydrous Ammonia 
(NH3), and Ethylene (C2H4).

Sulfur hexafluoride (SF6) has been listed by the 
Intergovernmental Panel on Climate Change (IPCC) as a 
greenhouse gas with a global warming potential of 23,900 
times greater than that of CO2 over a 100 year period. 
Being a synthetic gas, it is not absorbed or destroyed 
naturally and it can remain active in the atmosphere for up 
to 3,200 years. SF6 is mainly used as a gaseous dielectric in 
gas insulated switchgear power installations.

Currently, electrical utilities are responsible for consuming 
80% of the SF6 produced every year. It has been estimated 
that emissions from use of the product on a cradle-to-
grave basis was as high as 15% of the amount of product 
used. In an effort to moderate the rise of these emissions 
into the atmosphere, regulations are being imposed on 
producers and users that include recycling and minimizing 
of SF6 emissions during various operation, maintenance 
and refill processes.

Powertech services

Powertech utilizes state of the art Optical Gas Imaging 
(OGI) techniques to identify SF6 leaks at early stage on high 
voltage substation switching and measuring equipment. 
Early detection of SF6 leaks not only reduce the emitted 
amount of harmful greenhouse gases but also allows for 
optimized maintenance actions. Our sophisticated cameras 
are specifically tuned to a very narrow spectral range in 
the order of hundreds of nanometers, and are therefore 
selective to the particular gas of interest. Since the energy 
from the gases is very weak, all camera components are 
optimized to provide a sufficient signal to noise ratio by 
maintaining the filter at a cryogenic temperature.
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STATION PLANNING SERVICES
Powertech Labs provides Station Planning services for brownfield and greenfield projects.

Station Studies

Our team can compute initial fault estimates and 
conduct studies to establish the ultimate and initial fault 
levels. We can also perform special transient studies to 
identify temporary and power frequency overvoltages, 
and develop mitigation measures to achieve a proper 
insulation coordination meeting switching and lightning 
requirements.

Planning One-line Development

Once the concept and system performance issues have 
been studied, our planners can capture the concept in a 
simple conceptual diagram commonly referred to as a 
one-line. This stage defines the operability of the station. 
We can also develop station one-lines for different stages 
of the project and for the ultimate design of the facility.

Station Equipment Specification

Our team develops the associated station specification 
sheet, wherein the required ratings of each piece of 
equipment are recorded for the direction of the design and 
equipment procurement processes by the customer. The 
quality of our product is supported by our deep knowledge 
of the commercially available equipment and the rating 
structure and standards for transformers, circuit breakers, 
surge arresters, capacitors, and instrument transformers.

Planning a power system requires considering a range 
of technical issues, including type and size of loads and 
energy sources, transmission line connections, load flows 
and dynamic stability studies, voltage stability, transient 
stresses and protection and control requirements, 
including communications. The result is a cost-effective 
station plan, embodied in system one-lines and equipment 
specification sheets.

Powertech services include the following:

Station Topology

Selecting the appropriate station topology means 
taking into account reliability, security, maintainability, 
construction and operation costs, operability, familiarity to 
customer’s staff, environmental regulations, safety, space 
requirements, and community needs. Our planners define 
the in-service-day, required inter-medium and ultimate 
station topology, considering the planned growth needs of 
the customer.

Station Transformation

With the overall topology and development plans of the 
station over the considered life of the station, Powertech’s 
planners define the required and most cost-effective specs 
for the transformers, including winding configuration, 
voltage ratios and transformer impedance, tap change 
needs and BIL and SIL ratings. These transformer 
parameters affect the selection of system grounding, 
switching requirements for circuit breakers and 
disconnects, and the functional protective logic.
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THERMOGRAPHY SCANS AND ANALYSIS
Powertech conducts infrared image analysis to detect electrical equipment issues before failure occurs.

Powertech services include the following:

Image Collection

Powertech ASNT (American Society for Nondestructive 
Testing) thermal/infrared certified staff work with qualified 
electricians to identify equipment where an infrared scan 
and analysis are required, and take high-quality thermal 
images using high-resolution infrared cameras for the 
identified electrical system. Our cameras are capable of 
scanning both high-voltage outdoor substation equipment 
and low-voltage indoor electrical equipment at safe 
working distances. These thermal images capture key 
information on the equipment operation condition.

Analysis

Analysis of the thermal imaging data and temperature 
measurements provides improved understanding of 
electrical equipment issues. A final report to facilities 
owners summarizes findings, conclusions, and 
recommendations.

The report helps owners to improve their electrical 
systems, support equipment condition monitoring, 
mitigate failures, and significantly reduce operations and 
maintenance costs.

The risk of blackouts is increasing on the power grid due to 
aging infrastructure. For example, transformer fluid leaks 
or internal insulation breakdown can cause overheating, 
leading to failures. Moreover, a single critical electrical 
equipment failure may cascade into a series of failures. 
Subsequent restoration costs have the potential to be 
significant.

Infrared (IR) scans and analysis involve the use of an 
infrared imaging camera to measure the thermal energy 
emitted from equipment. Thermal infrared energy is 
the light that is not visible to the human eye. It is part of 
the electromagnetic spectrum that we perceive as heat. 
Infrared scans locate the “hot spots” in the electrical 
infrastructure, which can represent the deterioration 
of electrical components due to corrosion, vibration, 
electrical resistance, and short circuits. These “hot 
spots” show up in infrared scans, allowing operation and 
maintenance personnel to see which components have 
degraded and pose a risk to facility integrity.

Electrical equipment whose thermal signature are 
precursors to failure include:

• Power transformers (low oil levels)

• Load tap changers (low oil levels)

• Insulator bushings (bad connections)

• Surge arrestors (moisture)

• Circuit breakers

• Disconnect switches (bad connections)

• Cable condition monitoring (XLPE and oil filled)

• Panel boards (worn components)

• Control cabinets (worn components)

• Battery banks (failed units)
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ARC FLASH HAZARDS ANALYSIS AND REPORTING
Powertech conducts arc flash hazards studies to identify the presence and location of potential hazards and to 
recommend mitigation.

Analysis and Recommendations

Powertech’s analysis identifies potential arc flash hazards 
and provides recommendations for personal protective 
equipment (PPE) selection, boundaries for limited and 
restricted approaches, arc flash hazard mitigations, and 
safe work practices.

Reporting, Mitigation, and Labeling

A final report includes assumptions, findings, results, 
values, conclusions, and recommendations to mitigate 
arc flash hazard. This document helps facility owners to 
improve their electrical systems and utilize the findings 
to mitigate and resolve arc flash hazards within their 
premises.

The report also identifies locations of all warning labels 
to identify the incident energy, limited and restricted 
approach distances, and flash protection boundary 
distance.

Thermography Inspection

Thermography inspection, conducted as per NFPA70e, 
allows equipment failure prevention before breakdown 
occurs, avoiding loss of production, equipment damage, 
and worker injury. Equipment heat signatures are 
identified using an infrared camera operated by an ASNT 
thermal/infrared certified staff. The heat signature 
pictures are then analyzed, and preventative mitigations 
are developed to avoid unplanned outages.

An arc flash is the sudden release of energy in the 
form of light and heat caused by an unintended current 
flowing through air from one exposed live conductor to 
another conductor or to ground. Such incidents can occur 
spontaneously when insulation is compromised, when 
a foreign object is accidentally dropped, bridging a pair 
of conductors, or when minimum electrical clearances 
are violated. They can result in fatal injuries to workers, 
destruction of equipment, and severe fire.

The National Fire Protection Association Guidelines 
(NFPA70E) and the Canadian Standards Association (CSA 
Z462) require facility owners to perform an arc flash 
hazards analysis prior to allowing workers to perform 
tasks on energized equipment.

Powertech services include the following:

Data Collection and Verification

Powertech engineers work with qualified electricians to 
identify equipment locations where an arc flash hazard 
analysis is required. We collect detailed information about 
the electrical system, including system configurations and 
parameters, protective device settings, and coordination. 
This information allows us to confirm and validate a power 
circuit’s single-line diagram and is utilized as a basis for 
modeling the system.

Simulation and Calculation

We use state-of-the-art arc flash analysis software to 
calculate the arcing current and the incident energy 
resulting from an arc flash at each piece of identified 
electrical equipment in a power circuit according to IEEE 
1584 and NFPA 70E.
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