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1. Introduction 
Power quality as defined in the Wyoming Public Service Commission’s (Commission) 
administrative rules is “suitability of the power delivered to customers for its intended purpose as 
measured by comparison to accepted industry standards applicable to (1) the quality of steady-
state power, including voltage magnitude and balance, voltage and current distortion, and 
repetitive voltage fluctuations; and (2) the quality of power during disturbances, including 
infrequent voltage fluctuations, voltage sags and swells caused by short circuits and voltage 
transients.”1 

This report details the power quality categories outlined in the Commission’s rules along with 
measured quantities for each category from January 01, 2025, to December 31, 2025. The purpose 
of this 2025 report, in addition to providing power quality data, is to establish the compliance (or 
non-compliance) of power quality measurements as compared to the baseline power quality 
standards developed by national institutions such as American National Standards Institute (ANSI) 
and Institute of Electrical and Electronics Engineers (IEEE). Each of these baseline standards is 
referenced and described in the Informational Section – Baseline Power Quality Standards.  

 
1 Chapter 1, Section 3(a)(lii). 
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2. Transmission Power Quality Monitor Locations 
 

Figure 1. Map of Transmission Power Quality Monitor Locations 

 

Power quality data is taken from power quality monitors accessible to the Company’s power 
quality database and software. The monitoring points were limited to the transmission network for 
this section of the report. The Company utilizes power quality monitors installed in various 
substation locations throughout PacifiCorp’s transmission system in Wyoming. 
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Table 2. Transmission Power Quality Monitor Location and Voltage Monitoring 

Site Name Meter Type kV Location Data Availability (Months) 
Anticline ION 8650 230 Generation 4 

Bixby ION 8650 115 Substation 12 
Boswell One ION 8650 230 Generation 12 
Boswell Two ION 8650 230 Generation 12 
Cedar Springs ION 8650 230 Generation 4 
Chalk Butte ION 8650 115 Point of Service 12 

Ekola Flat One ION 8650 230 Generation 12 
Ekola Flat Two ION 8650 230 Generation 12 

Glenco ION 8650 138 Point of Service 5 
Heward ION 8650 230 Substation 12 

Lightning Creek One ION 8650 230 Generation 12 
Lightning Creek Two ION 8650 230 Generation 12 
Lightning Creek Two ION 8650 230 Generation 12 

Monument ION 8650 230 Point of Service 12 
Mountain ION 8650 138 Generation 12 

Oregon Basin ION 8650 230 Point of Service 12 
Platte North ION 8650 230 Point of Service 12 
Platte South ION 8650 230 Point of Service 12 

Rawhide ION 8650 115 Point of Service 12 
Red Lake One ION 8650 230 Generation 12 

Red Lake Three ION 8650 230 Generation 12 
Red Lake Two ION 8650 230 Generation 12 

Rock Creek ION 8650 230 Substation 12 
Sage  ION 8650 69 Generation 12 

Salt Creek ION 8650 230 Substation 12 
Shirley Basin ION 8650 230 Substation 12 
Spring Creek ION 8650 69 Point of Service 12 
TB Flats One ION 8650 230 Generation 12 
TB Flats Two ION 8650 230 Generation 12 
Three Buttes ION 8650 230 Generation 12 
Treasureton ION 8650 230 Substation 12 
Trowbridge ION 8650 115 Substation 12 
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3. Transmission Power Quality Data Analysis 
3.1 Steady State Voltage 
The steady state voltage range is defined by Rocky Mountain Power 1B.3.2.2 Planning Standards 
for Transmission Voltages. Transmission voltage limits for looped systems are 0.95 per unit to 
1.06 per unit (95-106%); with radial system’s operating ranges between 0.9 per unit and 1.06 (90-
106%).    

Table 3. Transmission Steady State Voltage - Per Unit 

Site Location Average (%) Yearly Compliance (%) 
Anticline 102.2 99.87 

Bixby 103.3 99.95 
Boswell One 102.3 97.78 
Boswell Two 102.2 97.85 
Cedar Springs 102.8 98.8 
Chalk Butte 103.2 99.97 

Ekola Flat One 100.7 99.96 
Ekola Flat Two 101.2 99.96 

Glenco 99.81 99.95 
Heward 101.5 99.86 

Lightning Creek One 103.2 99.97 
Lightning Creek Two 103.3 99.99 
Lightning Creek Two 103.2 99.97 

Monument 102.1 99.99 
Mountain 101.3 99.97 

Oregon Basin 102.1 99.97 
Platte North 101.3 99.8 
Platte South 98.1 99.79 

Rawhide 103.5 99.68 
Red Lake One 99.8 99.96 

Red Lake Three 100.2 99.96 
Red Lake Two 99.9 99.96 

Rock Creek 102.1 99.88 
Sage  103.4 95.04 

Salt Creek 101.1 99.64 
Shirley Basin 100.5 99.97 
Spring Creek 102.9 99.96 
TB Flats One 99.5 99.97 
TB Flats Two 99.6 99.97 
Three Buttes 102.6 99.92 
Treasureton 104.6 99.03 
Trowbridge 103.3 99.95 
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3.2 Voltage Imbalance 
The voltage imbalance guideline is to be less than 3% at the customer’s point of service. While 
transmission voltage is regulated at distribution feeders, voltage balance is maintained for best 
electrical practices. The average voltage imbalance and percentage of time that the monitoring 
point was within the allowable range. Voltage imbalance levels are within power quality standards 
and industry practices. 

Table 4. Transmission Voltage Imbalance 

Site Location Average (%) Yearly Compliance (%) 
Anticline 0.38 99.94 

Bixby 0.39 99.82 
Boswell One 0.53 99.86 
Boswell Two 0.53 99.78 
Cedar Springs 0.53 100 
Chalk Butte 0.3 99.91 

Ekola Flat One 0.31 98.79 
Ekola Flat Two 0.33 99.35 

Glenco 0.09 100 
Heward 0.99 99.76 

Lightning Creek One 0.38 99.92 
Lightning Creek Two 0.4 99.92 

Lightning Creek Three 0.4 99.92 
Monument 0.28 99.99 
Mountain 0.14 99.99 

Oregon Basin 0.43 99.99 
Platte North 0.36 99.99 
Platte South 0.37 99.99 

Rawhide 0.29 99.99 
Red Lake One 0.51 99.96 

Red Lake Three 0.52 99.99 
Red Lake Two 0.51 99.98 

Rock Creek 0.64 99.97 
Sage 0.55 99.83 

Salt Creek 0.42 99.99 
Shirley Basin 1.59 98.9 
Spring Creek 0.65 99.99 
TB Flats One 0.55 100 
TB Flats Two 0.58 100 
Three Buttes 0.34 99.99 
Treasureton 0.09 100 
Trowbridge 0.46 99.95 
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3.3 Voltage Sag/Swell 
Power quality monitoring is configured to trigger the recording of a sag or swell when voltage 
exceeds (+/-) 10% of nominal voltage at the monitoring point. Customers will have varying 
impacts due to voltage sags occurring above the SEMI-F47 line (see Informational Section – 
Baseline Power Quality Standards for example SEMI-F47 plot). Events occurring below the line 
will likely cause an issue with customers’ equipment, typically in the form of a reset to the 
equipment. Table 4 provides both the total number of events measured at each site and the number 
of unique events. 

Table 5.Transmission  Voltage Sag/Swell 

Number of Unique2 Transmission Events 2025 
252 

Site Locations Ride Through Sag Swell 
Anticline 8 1 - 

Bixby 10 2 1 
Boswell One 28 2 27 
Boswell Two 28 2 27 
Cedar Springs 10 1 1 
Chalk Butte 11 4 1 

Ekola Flat One 27 2 15 
Ekola Flat Two 28 2 17 

Glenco 10 - - 
Heward 5 3 4 

Lightning Creek One 13 2 1 
Lightning Creek Three 13 2 1 
Lightning Creek Two 12 2 1 

Monument 12 2 - 
Mountain 21 4 - 

Oregon Basin 31 3 - 
Platte North 37 1 - 
Platte South 37 1 - 

Rawhide 19 1 1 
Red Lake One 28 2 12 

Red Lake Three 28 4 10 
Red Lake Two 30 3 11 

Rock Creek 9 1 3 
Sage 48 4 - 

Salt Creek 21 5 1 
Shirley Basin 26 - 10 
Spring Creek 73 6 - 
TB Flats One 29 4 10 

 
2 A unique event is the number of events produced by a single cause but impacted multiple monitoring locations. 
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Site Locations Ride Through Sag Swell 
TB Flats Two 29 4 11 
Three Buttes 12 2 1 
Treasureton 17 - - 
Trowbridge 22 1 8 

 

Figure 2. Event Location Identification in Reference to the SEMI-F47 Curve 

 

  

Swell 

Sag Ride-Through 

 

Normal Operation 

Figure 1 Event location identification in reference to the SEMI-F47 curve. Events less than 10% of any duration were not 
included as IEEE 1159 defines events less than 10% to be an interruption. 
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3.4 Voltage Total Harmonic Distortion Evaluation 
Table 5 below quantifies the annual average of the voltage total harmonic distortion (VTHD), the 
percentage of weeks that the location meets the IEEE 519 Weekly 95th percentile limit, and the 
VTHD limit for the voltage class.  

Table 6. Transmission Voltage Total Harmonic Distortion 

Site Location Harmonic Limit (%) Annual AVG (%) IEEE 519 Weekly Compliance (%) 
Anticline 1.5 0.69 100 

Bixby 2.5 0.49 100 
Boswell One 1.5 0.73 100 
Boswell Two 1.5 0.74 100 
Cedar Springs 1.5 0.53 100 
Chalk Butte 2.5 0.64 100 

Ekola Flat One 1.5 0.67 100 
Ekola Flat Two 1.5 0.67 100 

Glenco 2.5 0.87 100 
Heward 1.5 0.61 100 

Lightning Creek One 1.5 0.49 100 
Lightning Creek Two 1.5 0.5 100 

Lightning Creek Three 1.5 0.49 100 
Monument 1.5 5.13 0 
Mountain 2.5 1.27 100 

Oregon Basin 1.5 1.53 0 
Platte North 1.5 1.29 92.3 
Platte South 1.5 0.78 92.3 

Rawhide 2.5 0.78 100 
Red Lake One 1.5 0.66 100 

Red Lake Three 1.5 0.66 100 
Red Lake Two 1.5 1.01 100 

Rock Creek 1.5 0.69 100 
Sage  5 1.47 100 

Salt Creek 1.5 1.02 80.8 
Shirley Basin 1.5 0.65 100 
Spring Creek 5 1.6 65.4 
TB Flats One 1.5 0.7 100 
TB Flats Two 1.5 0.7 100 
Three Buttes 1.5 0.53 100 
Treasureton 1.5 0.61 100 
Trowbridge 2.5 0.94 100 
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Monument – In previous reports it was believed that a phase measurement was not accurate due 
to a wave trap device. Upon further investigation by the Company it has been determined the 
excessive voltage total harmonics are a result of single-phase load at a customer’s facility.  The 
Company is currently working with the operator of the facility to discuss mitigation strategies that 
can be used to reduce harmonics at this facility. 

Oregon Basin/Spring Creek – The excessive voltage total harmonics are a result of load at these 
sites. The customer operating the load has both implemented and planned future mitigate efforts. 
Since April 8, 2025, the Spring Creek substation has reduced the total voltage harmonics to ~2.5% 
with minor violations throughout 2025. Spring Creek was non-compliant for the entirety of 2024. 
The substation improved to a compliance level for ~65% of 2025 and trending in a positive 
direction. The primary load at the Spring Creek substation is also the operator of Oregon Basin 
and has plans to perform similar mitigation at the Oregon Basin facility. 

Salt Creek – As of March 15, 2025, the monitoring point is now compliant with an average VTHD 
of 0.74%. The root cause of the harmonics is under investigation with nearby load review and 
harmonic enforcement; however, the improvement coincides with the commissioning of a nearby 
wind generation site and the transmission network returned to normal configuration after 
construction.   
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3.5 Pst 10 Minute 
The IEEE 1453 evaluation was performed for each site for each week of the year. The column 
Number of Weeks Above Limit indicates the number of weeks that the site exceeds the limit of 
0.8 Pst for high voltage3 and 1.0 for medium voltage. The monitoring points are complaint with 
industry standards and are not adversely impacted by inverter-based resources. 

Table 7. Transmission Pst Light Flicker 

Site Location Limit IEEE 1453 Weekly Compliance (%) 
Anticline 0.8 100 

Bixby 0.8 100 
Boswell One 0.8 100 
Boswell Two 0.8 100 
Cedar Springs 0.8 100 
Chalk Butte 0.8 100 

Ekola Flat One 0.8 100 
Ekola Flat Two 0.8 100 

Glenco 0.8 100 
Heward 0.8 100 

Lightning Creek One 0.8 100 
Lightning Creek Three 0.8 100 
Lightning Creek Two 0.8 100 

Monument 0.8 100 
Mountain 0.8 100 

Oregon Basin 0.8 100 
Platte North 0.8 100 
Platte South 0.8 100 

Rawhide 0.8 100 
Red Lake One 0.8 100 

Red Lake Three 0.8 100 
Red Lake Two 0.8 100 

Rock Creek 0.8 100 
Sage  0.8 100 

Salt Creek 0.8 100 
Shirley Basin 0.8 100 
Spring Creek 0.8 100 
TB Flats One 0.8 100 
TB Flats Two 0.8 100 
Three Buttes 0.8 100 
Treasureton 0.8 100 
Trowbridge 0.8 100 

 
3 Medium and high voltage designation is defined in Table 9. 
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4 Distribution Power Quality Monitor Locations 
 

Figure 3. Map of Distribution Power Quality Monitor Locations 

 

Power quality data is taken from power quality monitors accessible to the Company’s power 
quality database and software. The monitoring points were limited to the distribution network for 
this section of the report. The Company utilizes power quality monitors installed in various 
substation locations throughout PacifiCorp’s distribution system in Wyoming.  
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Table 7. Distribution Power Quality Monitor Location and Voltage Monitoring 

Site Name Meter Type kV Location Data Availability (Months) 
Bridger Coal ION 8650 34 Generation 12 

Byron ION 8650 34.5 Point of Service 12 
Foote Creek ION 8650 34 Substation 12 

Garland ION 8650 34.5 Point of Service 12 
Little Mountain ION 8650 34.5 Substation 12 

McFadden Ridge ION 8650 34.5 Generation 12 
Pioneer ION 8650 34.5 Generation 7 

Rock Springs ION 8650 34.5 Generation 12 
South Trona One ION 8650 34.5 Substation 12 
South Trona Two SEL 735 34.5 Substation 2 
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5 Distribution Power Quality Data Analysis 
5.1 Steady State Voltage 
The steady state voltage range is defined by Rocky Mountain Power 1C.2.1 Voltage Level and 
Range for Distribution voltage. Distribution voltage limits are 0.95 – 1.05 pu (95-105%) as the 
favorable range. The secondary range which is considered the tolerable zone limits being 0.95-
1.058 pu (95-105.8%), this voltage range is to be temporary for abnormal system configurations. 

Table 8. Distribution Steady State Voltage - Per Unit 

Site Location Average (%) Yearly Compliance (%) 
Bridger Coal 101.2 98.77 

Byron 102.6 99.92 
Foote Creek 103.6 96.88 

Garland 102.3 99.82 
Little Mountain 104.9 15.24 

McFadden Ridge 97.31 99.22 
Pioneer 98.92 99.07 

Rock Springs 102.2 99.99 
South Trona One 102.4 99.99 
South Trona Two 104.4 57.65 

 

Little Mountain – The Company adjusted load tap changer settings at the Little Mountain 
substation because of the voltage being out of range ~85% of 2025. That adjustment was made in 
late Q3 of 2025. The measurements used for this report were obtained at the substation bus, which 
is engineered to operate at approximately 105% of nominal voltage. This design is intentional and 
allows for voltage drop along long distribution line miles and customer owned and operated 
transformers. Since the load tap changer settings have been updated, the substation bus voltage 
remained within Range B, with a maximum recorded value of 105.8%. The Company has not 
received any customer complaints related to overvoltage conditions from customers served by this 
substation during the reporting period. 

South Trona Two – The measurements used for this report were obtained at the substation bus, 
which is engineered to operate at approximately 105% of nominal voltage. As a result, the recorded 
voltage exceeds the applicable standard range for approximately 45% of calendar year 2025. This 
design is intentional and allows for voltage drop along long distribution line miles and customer 
owned and operated transformers. Throughout the reporting period, the substation bus voltage 
remained within Range B, with a maximum recorded value of 105.8%. The Company has not 
received any customer complaints related to overvoltage conditions from customers served by this 
substation during the reporting period. 

 

Exhibit 1.2

16



 

16 

5.2 Voltage Imbalance 
The voltage imbalance guideline is to be less than 3% at the customer’s point of service. The 
average voltage imbalance and percentage of time that the monitoring point was within the 
allowable range. Voltage imbalance levels are within power quality standards and industry 
practices. 

Table 9. Distribution Voltage Imbalance 

Site Location Average (%) Yearly Compliance (%) 
Bridger Coal 0.14 99.99 

Byron 0.25 99.98 
Foote Creek 0.57 99.99 

Garland 0.29 99.99 
Little Mountain 0.51 100 

McFadden Ridge 0.6 99.99 
Pioneer 0.34 100 

Rock Springs 0.33 100 
South Trona One 0.33 99.99 
South Trona Two 0.33 100 
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5.3 Voltage Sag/Swell 
Power quality monitoring is configured to trigger the recording of a sag or swell when voltage 
exceeds (+/-) 10% of nominal voltage at the monitoring point. Customers will have varying 
impacts due to voltage sags occurring above the SEMI-F47 line (see Informational Section – 
Baseline Power Quality Standards for example SEMI-F47 plot). Events occurring below the line 
will likely cause an issue with customers’ equipment, typically in the form of a reset to the 
equipment. Table 4 provides both the total number of events at each site and the number of unique 
events. Monitors with N/A do not have sag/swell data for 2025. 

Table 10. Distribution Voltage Sag/Swell 

Number of Unique4 Distribution Events 2025 
152 

Site Locations Ride Through Sag  Surge 
Bridger Coal 33 1 - 

Byron 29 18  - 
Foote Creek 24 6 17 

Garland 21 10 1 
Little Mountain 13 - - 

McFadden Ridge 38 5 - 
Pioneer NA NA NA 

Rock Springs NA NA NA 
South Trona One 10 1 - 
South Trona Two 1 - 1 

 

 

 

  

 
4 A unique event is the number of events produced by a single cause but impacted multiple monitoring locations. 
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5.4 Voltage Total Harmonic Distortion Evaluation 
Table 11 below quantifies the annual average of the voltage total harmonic distortion (VTHD), the 
percentage of weeks that the location meets the IEEE 519 Weekly 95th percentile limit, and the 
VTHD limit for the voltage class.  

Table 11. Distribution Voltage Total Harmonic Distortion 

Site Location Harmonic Limit (%) Annual AVG (%) IEEE 519 Weekly Compliance (%) 
Bridger Coal 5 1.43 98.08 

Byron 5 5.07 9.62 
Foote Creek 5 0.28 100 

Garland 5 5.06 47 
Little Mountain 5 1.56 100 

McFadden Ridge 5 0.75 100 
Pioneer 5 0.78 100 

Rock Springs 5 0.27 100 
South Trona One 5 0.82 100 
South Trona Two 5 1.09 100 

 

Byron/Garland – The excessive voltage total harmonics are a result of customer load at these 
locations. The customer operating the load has both implemented and planned future mitigation 
efforts. The Garland site has decreased their average VTHD from 6.1% to 4.4% since beginning 
mitigation efforts in Q4 2025. This is an ongoing process with the customer.  
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5.5 Pst 10 Minute 
The IEEE 1453 evaluation was performed for each site for each week of the year. The column 
Number of Weeks Above Limit indicates the number of weeks that the site exceeds the limit of 
0.8 Pst for high voltage5 and 1.0 for medium voltage. The monitoring points are complaint with 
industry standards and are not adversely impacted by inverter-based resources. Monitors with N/A 
did not have flicker data available. 

Table 12. Distribution Pst Light Flicker 

Site Location Limit IEEE 1453 Weekly Compliance (%) 
Bridger Coal 1 100 

Byron 1 100 
Foote Creek 1 100 

Garland 1 100 
Little Mountain 1 100 

McFadden Ridge 1 100 
Pioneer 1 NA 

Rock Springs 1 100 
South Trona One 1 100 
South Trona Two 1 100 

 
  

 
5 Medium and high voltage designation is defined in Table 7. 
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6 November 13, 2025 Wyoming Transmission Outage 
The Company is currently investigating the event that occurred on the 13th of November 2025. 
This investigation involves engineering services, operations, and regulatory departments and is 
being reviewed actively to ensure proper determination is made about the cause of the event. The 
Western Electricity Coordinating Council (WECC) is developing a report that will be released 
some time in 2026. In sections 3.3 and 5.3 of this report all monitors recorded varying severities 
of voltage events because of the November 13th event. For this report, the Company included the 
most significant voltage deviation for each of the monitors to avoid misrepresentation of system 
performance for 2025. It was also determined that the November 13th event was considered one 
unique event that affected all monitors in this report. 
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7 Informational Section - Baseline Power Quality Standards 
7.1 Voltage magnitude 
The regulation of the voltage magnitude of the transmission network is defined in Table 2, and the 
root mean square (RMS) values are to be maintained between those bounds. The transmission 
network is operated to an expected baseline to meet Table 2. 

Table 7. Voltage classification - 1B.1 (2. Definitions) PacifiCorp Engineering Handbook 
Voltage Range Network Classification Subclassification 
230kV & Above Transmission Extra High Voltage (EHV) 

46 – 161 kV Subtransmission High Voltage (HV) 
1 – 34.5 kV Distribution Medium Voltage (MV) 

Less than 1kV Service Low Voltage (LV) 
 

Table 8. Permissible voltage range for the transmission network. 1.B.3 (3.2 Voltage Ranges) 
PacifiCorp Engineering Handbook 

Operating Mode Normal Operation Outage Conditions2 

System Configuration Looped Radial Looped Radial 
Max Voltage 1.061 1.061 1.10 1.10 
Min Voltage 0.95 0.90 0.90 0.85 

 
1. In some situations, voltages may go as high as 1.08 pu at non-load buses, contingent upon 

equipment rating review. 
2. Voltages immediately after a system emergency may fall outside these ranges before 

system adjustments occur to bring the voltage level up to, or above the minimum acceptable 
level, or down to, or below the maximum acceptable level. 

7.1.1 Voltage for Generators Interconnecting with the Company System 
All non-company-owned generation entities that interconnect with the company system, such as 
Qualifying Facilities (QFs) and Independent Power Producers (IPPs), must include language in 
their contract that defines the voltage profile requirements to be held under specific system 
conditions. Generators causing service voltages outside of ANSI ranges A or B as applicable will 
be required to mitigate their operation to comply with standard voltage ranges.  
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7.2 Voltage Balance 
The Company’s baseline for voltage imbalance is found in Appendix D of ANSI Std. C84.1, 
Voltage Ratings for Electrical Power Systems and Equipment. The electric supply systems are 
designed and operated to a maximum voltage imbalance of three percent when measured at the 
electric utility revenue meter.  

7.3 Voltage Fluctuations 
7.3.1 Repetitive Voltage Fluctuations & Flicker Limits 
Repetitive voltage fluctuations alter the quality of lighting as perceived by customers. Repetitive 
voltage fluctuations are addressed by IEEE 1453. Flicker events caused by fluctuating voltage 
under any load on its power system shall not exceed the Pst or Plt values shown in Table 8 or 9. 
Specific tools for the planning of large fluctuating loads are found in IEEE 1453.1. Individual 
compatibility problems between existing LV & MV customers are resolved at the Pst = 1.0 level, 
and future MV installations are more conservatively planned for the Pst = 0.9 level. 

Table 9. Flicker Compatibility and Planning Levels. 1C.5.1 (4.1.4 Specific Flicker Limits) 
PacifiCorp Engineering Handbook 

 Compatibility Levels Planning Levels 
Voltage Level LV & MV MV HV & EHV 

Pst 1.0 0.9 0.8 
Plt 0.8 0.7 0.6 

 

IEEE methodology permits the limits to be exceeded between 1% and 5% of the time over a one-
week measurement period. If the times-of-day of exceedance were objectionable, such as during 
the evenings when many people had lights turned on in their homes, then the 1% limit is held. If 
the fluctuating load could commit to nocturnal exceedance, then the Pst limit can permit a 5% 
exceedance. If the large flickering loads cannot ensure nocturnal operation, then the 1% 
exceedance limit is enforced. 

7.3.2  Voltage Sags and Swells 
Electrical system voltage sags are the most troublesome to customers and are caused by faults. 
Faults can cause direct outages to customers if the customer is located on a line that is faulted, 
however they can also be affected indirectly as the fault will cause a voltage sag to lines adjacent 
to the faulted line.  

Faults occur whenever lightning hits the line, power lines slap together from excessive wind, or 
when a power line falls to the ground, such as when a power pole is hit by a vehicle. They also 
occur when tree branches contact the power lines and they occur during a rainstorm when a 
substantial amount of dust is stirred up, thus compromising the effectiveness of the line insulators. 
The clearing of these faults is necessary to prevent catastrophic damage to the electrical system, 
and to ensure public safety. As the origin of most faults are not within the Company’s control the 
development of a quantitative limit has not been created. The Company implements industry 
practices to locate and remove faults from the system and encourages customers to develop 
processes and use voltage sag ride-through technologies to accommodate for fault clearing. 
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Electrical system voltage swells occur when there is a sudden increase in system voltage and are 
typically associated with changes in system operating conditions rather than sustained system 
deficiencies. Voltage swells may directly affect customers located on the portion of the system 
experiencing the event. Customers who are electrically adjacent to the originating condition may 
also be impacted as voltage increases can propagate across interconnected facilities. 

Voltage swells occur during the clearing of faults, the sudden removal of large electrical loads, 
and the energization or de‑energization of equipment such as capacitor banks, voltage regulation 
devices, or large motors. They may also occur due to improper grounding conditions or 
interactions with customer‑owned equipment. The duration and magnitude of voltage swells are 
generally limited however, mitigation of these events is necessary to reduce the potential for 
damage or mis-operation of customer and utility equipment and to maintain reliable system 
performance. As the causes of most voltage swells are influenced by system characteristics and 
customer interactions that are not fully within the Company’s control, the development of a 
quantitative limit has not been created. The Company applies generally accepted industry 
planning, operating, and maintenance practices to manage system voltage and encourages 
customers to design facilities and processes with appropriate protective measures and voltage 
tolerance or ride‑through capabilities to accommodate temporary voltage swell conditions. 

Power quality monitoring is configured to trigger the recording of a sag/swell log or waveform 
capture when voltage RMS values drop below 90% or above 110% of the rated voltage of the 
service or monitoring point. 

7.3.3 Customer Ride-Through Recommendation 
The Company encourages customers to implement appropriate voltage sag ride-through protocols 
to ensure that equipment interruptions occur because of a system design to meet safety and 
equipment protection guidelines. The hardening of control and LV systems can maximize the ride-
through of a site. The Company recommends the use of SEMI-F47 ride-through analysis for low 
voltage control equipment in lieu of the CBEMA or ITIC. Below is an example SEMI-F47 plot 
showing multiple voltage sags, but only one occurring “below the line.” Below the line events will 
likely cause an issue for customers, but the expectation is for customers to be able to “ride through” 
events above the line. 
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7.4 Voltage and Current Distortion 
Harmonic distortion is commonly produced by customer equipment injecting electrical noise into 
the power system. This will degrade PacifiCorp’s service to other customers. Maintaining 
electrical noise within tolerable limits will allow PacifiCorp to provide quality electrical service to 
all its customers. The customer shall take necessary action, at the customer’s sole expense, for the 
customer’s facility to stay within these limits. 

7.4.1 Voltage Harmonic Distortion Limits 
It is the Company’s responsibility to provide quality voltage to all its customers. Customers 
keeping the current distortion within their limits of 1C.4.1 Section 8 will allow the Company to 
provide this service. This service is defined as voltage having distortion levels within the limits of 
Table 5. The VTHD limits are the same as in 1C.4.1 Section 3.1 and are for normal operation. 
During start-ups, shutdowns or unusual non-steady state conditions these limits may be exceeded 
up to 50%. 
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Table 10. Voltage THD limits. 1C.4.1 (7 Table 2) 
Bus Voltage at PCC Individual Harmonic 

Voltage Distortion (%) 
Total Voltage Distortion 

THD (%) 
1.0 ≤ 69kV 3.0 5.0 

69 kV < Vrms ≤ 161 kV 1.5 2.5 
Vrms > 161 kV 1.0 1.5 

 
7.4.2 Current Total Demand Distortion Limits 
Current distortion occurs when customer equipment draws current from the utility in a nonlinear 
or choppy manner. It always produces harmonics in the load current waveform and can produce 
significant harmonics in the voltage waveform at the point of common coupling (PCC) and 
elsewhere. 

Determination of current total demand distortion (CTDD) requires the collection of site’s load 
current IL and the ISC to determine the ISC/IL ratio. A higher ratio permits a greater TDD value. 
Determination of compliance to compliance of the IEEE Standard 519 is completed on a case-by-
case basis if VTHD is found to be out of compliance. Implementation of widespread IEEE 519 
capable metering would be cumbersome in data and not cost effective for customers. If compliance 
of a site needs to be determined the statistical analysis of 1C.4.1 Section 8 is used to determine 
acceptable exceedances and enforcement. 

• Measured over a period of 24 hours, 99th percentile very short time (3 sec.) harmonic 
currents should be less than 2.0 times the values given in 1C.4.1 Section 8.  

• Measured over a period of 7 days, 99th percentile short time (10 min.) harmonic currents 
should be less than 1.5 times the values given in 1C.4.1 Section 8. 

Measured over a period of 7 days, 95th percentile short time (10 min.) harmonic currents should 
be less than the values given in Section 8. 
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8 Glossary 
ANSI – American National Standards Institute 

CBEMA – Computer & Business Equipment Manufacturer’s Association 

CBEMA Curve – Ride-through curve developed in 1977 to determine utility power supply 
requirements for early mainframe computer power supplies 

CE – Product marking indicating Conformité Européenne, conforming to European Union 
standards for health and safety of electrical components. 

Company – Represents the entity PacifiCorp d.b.a Rocky Mountain Power   

CTDD – Current Total Demand Distortion. 

IEEE – Institute of Electrical and Electronics Engineers 

ITIC – Information Technology Industry Council 

ITIC Curve – Ride-through curve developed in 2000 for 120V 60Hz power supplies of 
information technology. Application of the curve to higher voltage or systems other than power 
supplies intended for IT systems has variable value.   

ITE – Information technology equipment 

kV – kilovolt 

Monitor – Device with a primary purpose to measure system values to determine utility and 
customer compliance with Company power quality standards 

Meter – Device with a primary purpose of recording energy use by a customer with ancillary 
power quality monitoring capabilities. 

Pst - Perception of light flicker in the short term. Short term is defined as a 10-minute interval. 

PCC – Point of Common Coupling, nearest point on the power system where a potentially 
offending electrical load could be observed or impact another customer. In the absence of clear 
agreement on where the PCC is located, the PCC shall be defined as the point where the power 
system containing the offending load attaches to PacifiCorp’s power system. 

PU – The per-unit value of any quantity is defined as the ratio of actual value in any unit to the 
base or reference value in the same unit. Any quantity is converted into per unit quantity by 
dividing the numeral value by the chosen base value of the same dimension. 

SEMI-F47 Curve – Voltage sag ride-through curve developed by the semiconductor 
manufacturing industry to ensure that control and manufacturing equipment would not require 
operator intervention. Implementation of a ride-through curve requirements to applicable control 
equipment ensures that equipment drop-off is not a result of PLC or control terminal sensitivity 
but determined by the equipment’s operational limitations and safety requirements. 
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RMS - The Root Mean Square (RMS) is the mathematical method for determining the effective 
voltage for a continuous alternating current (AC) wave, also known as a sine wave. It is defined 
as the square root of the mean of the squares of the values. This is also known as the quadratic 
mean. 

UL – Underwriters Laboratories certification of safety for electrical equipment 

VTHD – Voltage Total Harmonic Distortion.  
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