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POWERCORE ENGINEERING LTD
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INTRODUCTION AND RESULTS

1.1. Introduction

Power Supply Monitoring was performed by PowerCore Engineering at the following
locations:

1.1.1. WEST ELGIN PUMPING STATION 1600A/600V MAIN SERVICE ENTRANCE

Please see the following sections for detailed results.

POWER SYSTEM MEASUREMENT EXPLANATION 11
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1.2. Measurements Summary

1.2.1.

1.2.2.

LOAD FLOW MEASUREMENTS - MAIN SERVICE ENTRANCE LOAD FLOW MEASUREMENTS
HAVE FOUND THAT:

1. Maximum Real Time Current Load throughout the monitoring period was found
to be app. 503 A (instantaneous peak current) at 5:40 PM on Oct-09-2020
This is well within the feeder’s capacity.

2. Maximum Sliding Demand Load was 305 kVA (sliding demand interval — 15 min
average) at 3:30 PM on Oct-13-2020.
This is well within the feeder’s capacity.

3. Maximum Real Time Voltage recorded throughout the monitoring period was
found to be +6.5% (639 V) at 7:06 AM on Nov-21-2020.
Minimum Real Time Voltage recorded throughout the monitoring period was
found to be -100% (0 V) at 12:42 PM on Oct-27-2020.
These voltage levels are Outside the recommended limits of +/- 5%.

4. Maximum Voltage Imbalance Of 82.9% was recorded at 05:51 PM on Dec-01-
2020.
This imbalance exceeds the 0.5% standard limit.

LOAD FLOW MEASUREMENTS - MAIN SERVICE ENTRANCE — OBSERVATIONS

The examination of the Load Flow measurements suggests that:

e loading on this feeder is well below its capacity =~ ... ©
e \Voltage was above the +/-5% limit ... (@)
e Voltage Imbalance was recorded outside normal limits ~ .......... @)
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1.2.3. PowER QUALITY MEASUREMENTS - MAIN SERVICE ENTRANCE

Power Quality measurements have found that:

1. The Voltage Total Harmonic Distortion (THD) on the MAIN SERVICE ENTRANCE
has reached maximum of 6.9% during the monitored period (IEEE Std. 519-1992
max limit is 5%). On average it remained around 3% during the monitored
period.

2. The Mean Current Total Harmonic Distortion (THD) on the main feeder was
around 40% during peak load times. This is well above the 12% recommended
limits as per IEEE Std. 519-1992 for this type of distribution system.

3. Several sub-cycle transient events were recorded during the power monitoring.
These transient waveforms recordings (Current & Voltage) are shown as a
waveform snapshot in the back of this report:

A. Periodic Transient Events — see Event # 1 Waveform
This event occurred on Dec-01 at 5:51 pm

B. Periodic Transient Events — see Event # 2 Waveform
This event occurred on Nov-15 at 12:59 pm

C. Periodic Transient Events — see Event # 3 Waveform
This event occurred on Dec-01 at 12:01 pm

1.2.4. PoOWER QUALITY MEASUREMENTS - MAIN SERVICE ENTRANCE - OBSERVATIONS

The examination of the Power Quality measurements suggests that:

e Current Harmonic distortion was found to be outside limits
during peak load times. ... (@)

e Voltage Harmonic distortion average was around
3% which is within IEE-519 limits. ... ©

e Voltage Sag and Swell transient events did translate into
any current disturbances in the system. ... @)
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2. POWER SYSTEM MEASUREMENT EXPLANATION

The pages in the Appendix of this report contain the load measurement summary and typical
daily profile graphs for the measurements at the main breaker.

Three types of charts are included in this report:

2.1. Load Profiles

These charts depict typical daily profiles for selected monitored parameters: Phase voltages and
currents, kVA Demand & Power Factor (if available), Voltage & Current Imbalance and Voltage
Total Harmonic Distortion (THD).

2.2. Event Recorders

These Waveform charts depict a recording of abnormal events recorded during the monitored
period.

Few typical events are usually selected for your consideration.

2.3. Harmonic Components Graphs

These Bar Graphs show the Harmonic component breakdown (Fourier Transform) for selected
waveforms — normally for a transient waveform (during an event) and a typical waveform for
normal operating conditions.

The following criteria should be taken into consideration when reviewing the load and harmonic
measurement results:

2.4. Evaluation Criteria

Recommended maximum voltage variation should not exceed + 5%.

e |EEE Power quality standard 519-1992 recommends a limit for Voltage total harmonic
distortion of 5% TD at the point of common coupling (i.e. main transformer secondary).
Distortion above these limits can cause equipment malfunctioning, computer flicker, PLC
problems, capacitor failures etc.

e |EEE Power quality standard 519-1992 recommends a limit for Thermal Demand total Current
harmonic distortion of 8-12 % THD TD for your type of 120-208V system. These limits can be
momentarily exceeded by 50%.

e Power Factor at the peak Sliding Demand Load (15 minute integration period — SD Value)
should be kept above 90% to avoid low power factor penalty.
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RECOMMENDATIONS

As a result of Load Flow & Power Quality measurements of the Main 600V/1600A Service
Entrance at the West Elgin Pumping Station, we offer you the following recommendations for
your consideration:

1. Dynamic Voltage Restoration — A series compensation device that protects sensitive
electrical loads from power quality problems such as voltage sags, swells, unbalance
and distortion. This is a VERY COSTLY OPTION that can be installed at the service
entrance or at sensitive affected equipment.

2. Report Incoming Service Voltage Disturbances — Several Voltage disturbances were
recorded during the monitored period ranging from sub-cycle voltage pull down
(Transient Event #1), Voltage Sags (Transient Event #2 & #4), and Voltage Swells
(Transient Event #3) which resulted in obstructive current reactions. In a constant
torque application, a voltage sag for several cycles (+ 7 cycles in some of the cases we
captured) will cause constant torque equipment ( ie variable frequency drives) to
increase current consumption to compensate for the loss of voltage. This can result
in over current conditions for some of the equipment on the system (seen at the end
of Transient Event #3). We recommend reporting these events to the utility provider
and request the issues be reviewed to find a solution that protects the facility from
further interruptions.

3. We recommend that you perform periodic electrical maintenance testing and
inspections of your power distribution system as per NETA recommendations.

Thank you for this opportunity to be of service to you. If you have any questions regarding the
recommendations in this report or any other matter, please contact our Engineering Services office
at (519) 474-1175.

Sincerely,
PowerCore Engineering Ltd

Roman Bulla, P. Eng. Roman Bulla, E. Tech.
Power Systems Engineer Electrical Engineering Technologist
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4, APPENDIX — LIST OF ACRONYMS

Several acronyms may have been used throughout this report:

ACRONYMS USED:

[parameter] RT Real Time value (RMS value based on a 2 cycle measurement)

[parameter] SD Sliding Demand equivalent value (15 minute integration period average value
- utility standard)

[parameter] TD Thermal Demand equivalent value (30 minute integration period average
value)
THD [parameter] Total Harmonic Distortion of the measured parameter (i.e. Voltage or

Current) in percent.

TEHD [parameter] Total Even Harmonic Distortion of the measured parameter in percent.

TOHD [parameter] Total Even Harmonic Distortion of the measured parameter in percent.

A IMBAL, V IMBAL Three Phase Current or Voltage Imbalance in percent

APPENDIX 4-1
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Pumping Station - West Elgin, ON
Main Service Entrance, Power Monitoring

Real Time Voltage Min/Max Tables
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Pumping Station - West Elgin, ON
Main Service Entrance, Power Monitoring

Real Time Current Min/Max Tables
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Pumping Station - West Elgin, ON
Main Service Entrance, Power Monitoring

Real Time PF/Frequency Min/Max Tables
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Pumping Station - West Elgin, ON
Main Service Entrance, Power Monitoring

Real Time THD (Total Harmonic Distortion) Min/Max Tables
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Pumping Station - West Elgin, ON
Main Service Entrance, Power Monitoring

Sliding Window Demand (15 min. avg.) Min Tables
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Pumping Station - West Elgin, ON
Main Service Entrance, Power Monitoring

Sliding Window Demand (15 min. avg.) Max Tables
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Average Voltage RMS — Historic Trend

Motes:

- theaty value represents mean average throughowt a 5 mitnate interval
- high walue represents a maxitum Real Time walue (2 cyele RMWE value) reached during the 5 mitiate interval
- lowr walue represents a minimounm Real Titme walae (2 cyrele BWIE walue) reached during the 5 minate interval

Pumping Station West Elgin,
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Average Current RMS — Historic Trend

Motes:

- theat value represents mean average throughout a 5 minte interval
- high wwalue represents a mawimum Feal Time walue (2 cyele EIVIE walue) reached during the 5 mitute interval
- low walue represents a minirnm Feal Time walue (2 cyele RIS value) reached during the 5 minute interval

Pumping Station West Elgin,
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kVA — Historic Trend

Motes:

-meat value represents mean average throughowt a 5 minate interval
- high wralue represents a maviram Feal Time walue (2 cyele RIS walue) reached during the 5 minute interval

Pumping Station West Elgin,
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Frequency — Historic Trend

Hotes:

- tean value represents mean average throughout a 5 minute interval
- high walue represents a mavdnun Real Time value (2 cyele ELWE walue) reached during the 5 ninate interval
- lowy walue represents a mirndmum Real Time value (2 cyele EWIE walue) reached during the 5 minate interval

Pumping Station West Elgin,
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Average Current Versus Voltage Imbalance — Historic Trend

Motes:

- theat value represents mean average throughout a 5 minute interval
- high walue represents a mavirnun Real Time value (2 cycle BMWE walue) reached during the 5 mitnate interval
- low walue represents a minimoum Real Time value (2 cycle BME walue) reached duning the 5 minute interval

Pumping Station West Elgin,
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Voltage Total Harmonic Distortion (THD) — Historic Trend

Motes:

- tean value represents mean average throughout a 5 mdnote interval
- high wralue tepresents a mavirnum Real Time walue (2 eyele BME walue) reached during the 5 mitte interval
- low wralue represents a minttum Real Time walue (2 eycle BWE walue) reached during the 5 mitnate interval

Pumping Station West Elgin,
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Current Total Harmonic Distortion (THD) — Historic Trend

MHaotes:

- theaty value represents mean average throwghout a 5 minute interval
- high value represents a mazinoun Real Time walue (2 cycle BRME walue) reached duting the 5 minate interval
- low value represents a minimoun Real Time walue (2 cycle BMWE walue) reached during the 5 minute interval

Pumping Station West Elgin,
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CBEMA Curve — Historic Summary of Voltage Disturbances

Motes:

- CHART EXPLANATION: X-Axis: Event Duration [seconds], V-Axs: Event MMagnitude [% of Mominal Voltage - 208V

-840 Errents falling within the CBEMA envelope should be within the limits that most equipment is capable of handling,

-Some equipmment may be more sensitive to short duration events (sub-cyele transients), some tay be more semisitive to long duration events (voltage sags £ swells)
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Transient Event #1 Waveform Snapshot — Phase C

Pumping Station West Elgin,

ON
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Pumping Station West Elgin,

Transient Event #1 Waveform Snapshot — Phase C Harmonic Spectrum

ON

MEASUREMENT SUMMARY TABLES & CHARTS 5-17

SUI101IUOIA JAMO( ‘9aURJIUT 3DIAISS UIBIA

NO ‘u18|3 159\ - uoiiels Suidwing



POWERCORE ENGINEERING LTD

Transient Event #2 Waveform Snapshot — Phase A
Direction Detected - Upstream — High Confidence

Pumping Station West Elgin,
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Pumping Station West Elgin,

Transient Event #2 Waveform Snapshot — Phase A Harmonic Spectrum
Direction Detected - Upstream — High Confidence

ON

MEASUREMENT SUMMARY TABLES & CHARTS 5-19

SUI101IUOIA JAMO( ‘9aURJIUT 3DIAISS UIBIA

NO ‘u18|3 159\ - uoiiels Suidwing



POWERCORE ENGINEERING LTD

Transient Event #3 Waveform Snapshot — Phase A
Direction Detected - Upstream — High Confidence

Pumping Station West Elgin,

ON
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Pumping Station West Elgin,

Transient Event #3 Waveform Snapshot — Phase A Harmonic Spectrum
Direction Detected - Upstream — High Confidence
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Transient Event #4 Waveform Snapshot — Phase A
Direction Detected - Upstream — High Confidence

Pumping Station West Elgin,
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Pumping Station West Elgin,

Transient Event #4 Waveform Snapshot — Phase A Harmonic Spectrum
Direction Detected - Upstream — High Confidence
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