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Executive Summary 

On November 13, 2025, at 1243 hrs.1, the northeast region of the Western Interconnection (WI) 

experienced a significant system disturbance that resulted in cascading line outages and affected 

approximately 250,000 customers, lasting up to 9.5 hours in some areas. This disturbance affected 

parts of several states, including Montana, South Dakota, Wyoming, and Nebraska, and Black Hills 

Energy (BHE) experienced a complete blackout of its northern system (western South Dakota and 

northeast Wyoming). The Montana–Alberta Tie Line (MATL) — WECC Path 83 — also tripped during this 

event. The affected region was situated between the boundaries of the RC West (RCW) and the SPP 

West (SPP) Reliability Coordinator (RC) areas.  

The disturbance was triggered by a planned outage of a single 500 kV transmission line, but multiple 

factors exacerbated the situation, contributing to the widespread outage. See Figure 2, page 9. 

The line that was scheduled to be out of service was the PacifiCorp East (PACE) Aeolus–Clover 500 kV 

line. This line, along with the Aeolus–Anticline 500 kV line, transfers large amounts of wind and thermal 

generation in this region to load centers across the interconnection. The Aeolus lines require close 

monitoring, and outages may necessitate limiting wind generation in the area. To ensure reliable 

operation, PACE implemented a Remedial Action Scheme (RAS)2 that automatically trips wind 

generation for outages of the 500 kV Aeolus lines, preventing broader system disturbances.  

The outage of this line was planned for November 13 at 0800 in accordance with established PACE and 

RCW processes.  

On the morning of the planned outage, PACE determined that field personnel would not be available to 

perform the required switching until noon. RCW and SPP had previously coordinated and agreed that 

the outage of the Western Area Power Administration-Rocky Mountain Region (WACM) and the outage 

of the Miracle Mile-Alcova west 115 kV line would not be allowed to overlap. During this delay, RCW and 

SPP worked with WACM and PACE to determine what would be needed if the outages were overlapped. 

As the morning passed, wind generation increased in the area, which increased the amount of energy 

flowing across the two Aeolus 500 kV lines. As the time for the planned outage approached, PACE, 

adhering to its operating practices, modified the Aeolus RAS by raising the arming setpoint to ensure 

the RAS would not inadvertently operate during switching. PACE monitored its Real-time Contingency 

Analysis (RTCA)3 for system operating violations and found none; however, PACE was unaware that 

RTCA alarming functions had not been enabled and that incorrect parameters were masking the 

results. 

 

1 All times in this report are given in Mountain Standard Time (MST). 

2 A scheme designed to detect predetermined System conditions and automatically take corrective actions that 
may include adjusting or tripping generation (MW and Mvar), tripping load, or reconfiguring a System(s). 

3 Real-Time Contingency Analysis (RTCA) evaluates system conditions, such as load, generation, and 
transmission outages, using real-time data to assess both current and future operating conditions. It continuously 
simulates equipment failures or network changes and allows operators to prepare for, or automatically trigger, 
corrective actions (e.g., re-dispatching, switching) to mitigate risks. 

http://www.wecc.org
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With no violations identified, PACE removed the Aeolus–Clover line from service, operating the system 

in an unidentified Normal-1 (N-1)4 insecure state, which resulted in a cascading outage. This cascading 

was due to a shift of flows onto the Aeolus–Anticline line, which caused the local voltage to collapse to 

138 kV (~0.28 pu)5. As designed, protective relaying tripped the Aeolus–Anticline line within 0.4 

seconds of the initial loss of the Aeolus–Clover line.  

Subsequently, power flow rapidly redistributed throughout the northeast portion of the WI. While most 

of the WI remained functional, the disturbance culminated in the loss of more than 4,800 MW of 

generation from coal, natural gas, photovoltaic, and wind resources.  

Within 6 seconds, an electrical island formed and collapsed, causing widespread effects across that 

portion of the interconnection. The Aeolus RAS did not trip any generation because its setpoint had 

been raised before switching. 

The resulting generation-load imbalance caused the WI frequency to drop to 59.758 Hz before 

recovering to 60 Hz within approximately 6 minutes, and underfrequency load shedding was activated 

in the northeastern region before the island collapse. In terms of system voltages, 500 kV voltages 

ranged from a nominal value of approximately 520 kV (~1.0 pu) to lows of 138 kV (~0.28 pu) during the 

initiating part of the event and before system separation. Due to the rapid progression of this event, no 

manual corrective actions were able to be taken during the trip.  

As a result of this cascading outage, customers in PACE, BHE, Tri-State G&T (TSGT), and WACM lost 

power for hours, with some industrial load customers remaining out of service until the following day.  

1. PACE lost 411.1 MW of firm load, affecting approximately 54,000 customers.  

2. WACM lost 709 MW of firm load in its Balancing Authority Area (BAA), affecting approximately 

47,000 sub-BA customers. It also included:  

o 538 MW of firm load in BHE, affecting approximately 154,000 customers 

o 6.64 MW of firm load in TSGT, affecting approximately 1,900 customers 

Although wind generation was substantial at the time of the event, it was not identified as a 

contributing factor. Inverter-based resources (IBR) have been implicated in other disturbance events6. 

The IBRs in eastern Wyoming tripped appropriately for the over-/under-voltage and frequency 

conditions of the event. After thorough analysis, it was found that all IBR protection and control 

settings operated as designed. In addition, IBRs supported a faster frequency recovery across the 

interconnection, driven largely by battery energy storage systems, while wind generation provided 

readily available capacity during system restoration.  

 

4 A secure state is a condition where the power system is operating within all design constraints and can 
withstand the unexpected failure of any single key component — such as a transmission line, transformer, or 
generator — without violating security limits or causing a service interruption. 

5 Per unit (pu) converts actual volts to a dimensionless fraction, where 1.0 pu typically represents the nominal or 
rated voltage. 

6 Inverter-Based Resource Disturbances in the Western Interconnection ; October 2025 

http://www.wecc.org
https://www.nerc.com/globalassets/our-work/reports/event-reports/ibr_disturbances_wi_20251105.pdf
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After the event, the affected entities began their respective restoration processes. Restoration power 

was available to all entities from either their own systems or neighboring systems. Restoration efforts 

included mitigation of multiple N-1 contingencies, difficulties caused by high voltage levels, large phase 

angles, and inadequate communication, which resulted in instances of equipment energization 

between TOPs across the RC seams with no prior communication.  

The restoration of most facilities and loads took approximately 9 hours. PACE completed restoration of 

its last loads within 9.5 hours. BHE successfully restored most of its customers within 7 hours, 

although some industrial loads were not restored until the next day. TSGT and WACM completed their 

load restorations within 8.5 hours.  

PACE had most of its generation available within 8 hours. One thermal generation facility took over four 

days to recover, with one additional generator remaining out of service due to significant damage that 

occurred during restoration. See Figure 4, page 8. 

Key Contributors  

Key contributors were identified through the disturbance review and categorized into three primary 

groups: personnel, processes, and tools.  

Personnel  

• There was inadequate mutual understanding between RCs and Transmission Operators (TOP) 

when communicating and sharing details of the planned outage (e.g., RTCA results, final 

switching approval, RAS status). 

Processes  

• Processes in place for some entities were inadequate to manage seams across TOP and RC 

areas, (e.g., incomplete modeling of neighboring systems in operational planning analysis 

(OPA)7, RTCA models), along with inadequate sharing of real-time operational data, such as RAS 

status and related information.  

• Persistent issues with the RTCA were never fully resolved; workarounds were used to allow 

studies to run. This led operators to lose confidence in the RTCA’s results for the affected part 

of the interconnection, and it delayed action while studies were being run. 

Tools  

• Some TOPs mainly rely on a single analysis tool and its model without the capacity to validate 

results across offline and online study tools.  

• RCs and TOPs made different assumptions when modeling the Aeolus RAS in each of their 

RTCA models. 

 

7 An evaluation of projected system conditions to assess anticipated (pre-contingency) and potential (post 
contingency) conditions for next day operations. 

http://www.wecc.org
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• RTCA for one entity used inaccurate modeling parameters, such as operating limits and 

generating resource reactive capability, and had disabled alarming functions for low voltages. 

There was also a lack of consistency with generator testing parameters.  

http://www.wecc.org
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Introduction 

On November 13, 2025, a disturbance occurred when a planned outage of a 500 kV transmission line 

resulted in uncontrolled, widespread outages across the northeastern region of the Western 

Interconnection (WI). To understand the underlying causes and contributing factors, WECC and NERC 

partnered with the stakeholders involved to conduct a comprehensive analysis. This report contains 

details of the disturbance, the contributing factors identified through the analysis, and the resulting 

considerations. 

One of the primary goals of the reliable operation8 of the Bulk Electric System (BES)9 is preventing 

cascading outages. To achieve this goal, operation of the BES is conducted in a coordinated manner. 

NERC defines cascading  as “The uncontrolled successive loss of System Elements triggered by an 

incident at any location. Cascading results in widespread electric service interruption that cannot be 

restrained from sequentially spreading beyond an area predetermined by studies.”  

System Overview  

Wyoming produces about 12 times more energy than it consumes. This excess energy is transmitted 

through an extensive network of long, high-voltage transmission lines to load centers throughout the 

WI.  

To aid in transmission of this generation, PacifiCorp East (PACE) built its Energy Gateway project10. As 

part of this project, the Aeolus–Anticline line was placed in service in 2020 and the Aeolus–Clover line 

in 2024.  

The WI has four Reliability Coordinators (RC) who oversee and coordinate the operations of the BES. 

Part of their responsibility is to coordinate and monitor equipment outages to ensure no combination of 

outages has an adverse effect on the reliable operation of their respective areas. In this region, the RC 

oversight is split between RC West (RCW) and SPP West (SPP), as illustrated in Figure 1, establishing 

an RC seam11. This event occurred in November, a shoulder month, when a significant amount of 

maintenance is performed on BES lines and equipment.  

 

8 Operating the elements of the BPS within equipment and electric system thermal, voltage, and stability limits so 
instability, uncontrolled separation, or cascading failures of the system will not occur as a result of a sudden 
disturbance, including a cybersecurity incident or unanticipated failure of system elements. 

9 Transmission elements operated at 100 kV or higher and real power and reactive power resources connected at 
100 kV or higher. This does not include facilities used in the local distribution of electric energy. 

10 Energy Gateway , PacifiCorp.com 

11 The operational, administrative, or physical boundaries between two or more RCs, or between different market 
areas, designed to ensure the reliable operation of the BES. As the "highest level of authority" for grid operations, 
RCs are responsible for maintaining stability across their respective areas, and "seams" are the critical interfaces 
where these entities must coordinate to prevent congestion, manage loop flows, and maintain reliability. 

http://www.wecc.org
https://www.pacificorp.com/transmission/transmission-projects/energy-gateway.html
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Figure 1: WI RC Areas 

Entities are responsible for scheduling outages to repair and maintain their BES equipment, prioritizing 

these activities, and submitting planned outages to their RCs.  

The RC conducts a feasibility assessment of the submitted outages to ensure there are no adverse 

effects on the system. If potential impacts are identified, they coordinate with the entity — and 

neighboring RCs when necessary — to develop appropriate mitigation plans, including adjusting the 

outage schedule by shifting dates or times or rescheduling the outage entirely.  

Pre-Disturbance Conditions 

On November 12, 2025, the day before the disturbance, several transmission lines in this region were 

already out of service for maintenance, as shown in Figure 2. The lines included: 

• Mustang–Spence 230 kV line  

• Laramie River–Dave Johnston 230 kV line  

• Yellowtail–Sheridan 230 kV line  

• Teckla–Osage 230 kV line  

• Platte–Standpipe 230 kV line 

http://www.wecc.org
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• Jim Bridger–Mustang 230 kV line 

• Crossover–Yellowtail 230 kV line 

• Rapid City DC tie  

 

Figure 2: Status of facilities before planned switching (out-of-service facilities marked with X) 

The OPAs performed by RCW, SPP, and PACE did not indicate any reliability issues for the outage of the 

Aeolus–Clover line, which was scheduled to occur from 0800 to 0900 hrs.12 (See Appendix A — OPA for 

additional information).  

On November 13, during its regular morning conference call, RCW acknowledged the PACE Aeolus–

Clover line outage while SPP identified another scheduled outage for the day: that of the Western Area 

Power Administration — Rocky Mountain Region (WACM) Alcova–Miracle Mile 115 kV West line. 

The Aeolus–Clover line outage was planned to facilitate the return to service of Little Snake Reactor #1 

and to remove Coyote Reactor #2 from service. Both function as shunt reactors installed at mid-line 

stations located between Aeolus and Clover switchyards, which requires the Aeolus–Clover line to be 

 

12 All times in this report are given in Mountain Standard Time. 

http://www.wecc.org
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de-energized. The Little Snake reactor had been out of service since November 8 and was scheduled 

back in service at noon. Following the switching of the reactors, the Aeolus–Clover line would be 

returned to service, and the Coyote Reactor #2 would remain out of service with a scheduled return on 

November 19, 2025.  

The PACE Grid Operator East (GOE) started switching for the outage of the Aeolus–Clover line at 

0800 hrs., effectively bypassing the series capacitors at Coyote substation. Soon after, the PACE GOE 

was notified of a delay in personnel arriving at the Little Snake substation. Switching personnel were 

not scheduled to be at Little Snake substation until later due to the scheduled noon end time of the 

outage of Little Snake Reactor #1. The PACE GOE notified RCW of the delay in switching with a new 

projected start time of noon. Due to the delay in the line switching, the PACE GOE re-inserted the series 

capacitors at Coyote substation.  

Meanwhile, WACM proceeded with the scheduled outage of the Miracle Mile West main bus for 

periodic maintenance (scheduled from 0900 to 1700 hrs.). SPP identified in its Real-time Assessment 

(RTA)13 studies that the simultaneous outages of the Aeolus–Clover line and the Miracle Mile West 

main bus would require mitigation plans to maintain the reliable operation of the BES.  

SPP informed WACM that there was not a good mitigation plan to support overlapping the outage of 

their Miracle Mile West main bus and PACE Aeolus–Clover 500 kV line. SPP also informed RCW that 

studies with the overlapping outages showed overloads up to 130% on the remaining Alcova–Miracle 

Mile East 115 kV line, even with assuming activation of the Aeolus RAS. Due to these study results 

involving outages across the RC seam, SPP would not allow the outages to overlap and notified WACM 

that it could not proceed with the Miracle Mile outage until the Aeolus–Clover line was returned to 

service.  

RCW notified SPP that the Aeolus–Clover line outage was delayed for 3 hours due to the absence of a 

switching personnel scheduled at Little Snake until noon, when the line was originally planned to be 

returned to service. RCW also indicated that if WACM would like to proceed with its Miracle Mile West 

main bus outage, PACE agreed to limit its wind as needed to mitigate any overloads. Subsequently, 

SPP approved WACM to move forward with its outage.  

WACM proceeded to switch the Miracle Mile West main bus at 0950 hrs. with a scheduled return time 

of 1700 hrs. and included the Alcova–Miracle Mile West 115 kV line. During the outage, as anticipated, 

increased loading was observed on the remaining Alcova–Miracle Mile East line. In response, SPP 

requested system adjustments such as phase shifters in a neighboring utility to help mitigate the 

increased loading.  

As the area generation increased, and the start time of the PACE Aeolus–Clover line outage 

approached, the RCs and utilities studied what system adjustments would be needed to accommodate 

both outages. SPPs studies showed loading of 138% on the Alcova–Miracle Mile East line for loss of 

the PACE Aeolus–Anticline line. SPP and WACM agreed they would perform a study to identify 

 

13 An evaluation of system conditions using real-time data to assess existing (pre-contingency) and potential 
(post-contingency) operating conditions. 

http://www.wecc.org
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potential PACE wind reductions if both the Aeolus–Clover line and the Miracle Mile bus outages 

occurred simultaneously. Their study identified that about 400 MW of wind reduction would be needed 

to mitigate the loading on the Alcova–Miracle Mile East line.  

SPP and WACM discussed current system outages and potential mitigation measures such as 

adjusting phase shifters to provide relief. WACM studies showed that if the Aeolus–Clover line was 

removed from service, the loading would increase to over 130% with the next contingent loss of the 

Dave Johnston–Goshen 230 kV line, even with the 400 MW of previously identified wind reductions. 

SPP informed RCW of significant reliability concerns on the WACM Alcova–Miracle Mile East line 

loading if overlapped with the PACE outage, and use of area phase-shifters would not be enough to 

mitigate the exceedances.  

Studies conducted by SPP, RCW, and WACM all indicated the need for additional reductions to PACE 

wind generation in the area. RCW’s analysis showed that approximately 820 MW of wind would need to 

be reduced, bringing output down to about 2,500 MW, to support both outages. The RCs discussed 

relaying this information to PACE to determine whether it would begin reducing wind generation before 

the planned 500 kV line outage.  

RCW discussed with PACE the possibility of overlapping the outages with WACM and stated that its 

studies indicated a need for a wind-generation reduction of 820 MW from the current 3,300 MW level, 

including the specific locations where generation was reduced in the analysis. PACE acknowledged the 

information and stated it was awaiting study results from WACM, after which it would begin the 

required work. SPP later informed RCW that WACM was evaluating the proposed 820 MW PACE wind 

reduction.  

RCW notified PACE that it was seeing loading over 125% on the Alcova–Miracle Mile East line for loss 

of the Aeolus–Clover line and asked whether PACE could complete its wind reduction. PACE was 

delaying the wind reduction due to a massive telecommunications outage that was affecting its ability 

to raise generation outside the Wyoming area to compensate for the reduction of wind generation.  

As RC and PACE were looking into solutions, such as manual reductions, WACM encountered some 

equipment issues and made the decision to return the Miracle Mile bus back to service. Returning this 

equipment would resolve most of the overload concerns.  

At this time RCW and PACE agreed to a 200 MW reduction in wind generation. 

WACM notified SPP that the Miracle Mile bus had returned to service at 1156 hrs. SPP notified RCW 

that the return of the bus had improved their contingency analysis. RCW confirmed that PACE still 

wanted to take the Aeolus–Clover line outage and that it was seeing no issues with taking the outage.  

RCW notified PACE that the Miracle Mile bus had returned to service and that PACE could hold off on 

the wind reductions currently in progress. PACE confirmed this and conveyed that it had a big 

http://www.wecc.org
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communications outage that was affecting its state estimator14 in the southern Utah area. PACE stated 

that it would monitor the Hosted Advanced Network Application15 tool provided by RCW. Due to the 

communications outage, the PACE shift supervisor took over switching from the PACE GOE. 

Aeolus RAS Protocol 

In preparation for the Aeolus–Clover line outage, PACE raised the Aeolus RAS arming setpoints above 

the current actual flow16. This effectively disarmed the RAS for the current conditions and prevented 

any trips from being sent to generation facilities if a monitored piece of equipment tripped or was taken 

out of service. PACE performed contingency analysis with the RAS setpoints adjusted in this manner to 

identify any issues.  

Typically, when issues are revealed in post-contingency analysis, PACE will reduce generation in the 

study until the issues are cleared. PACE would then use the amount of generation reduced in the 

contingency analysis as the amount of generation reduction needed before switching. In this instance, 

it identified no issues in the contingency analysis, and so took no reductions in the wind, and the RAS 

was left in this adjusted status. 

Impacts on RCW, SPP, and PACE resulting from adjusting the Aeolus RAS setpoints are covered in the 

following paragraphs. 

RCW 

The next real-time contingency analysis (RTCA) scan, after the Aeolus RAS setpoints were adjusted to 

enable switching, started showing low voltage results, specifically in the Aeolus and Anticline areas. 

The RTCA identified low voltage results for the loss of the Aeolus–Clover line with up to 120% 

exceedance of the Low Emergency rating at the Anticline 500 kV bus.  

RCW noticed there was no generation dropping due to Aeolus RAS operation in its RTCA solutions, but, 

at that time, RCW had no reason to believe the RAS was not armed.  

RCW has a data historian display with white boxes to indicate RAS status. The box changes from solid 

to empty on arming changes, making it difficult to notice when these changes occur. There are no 

alarms associated with this change to help RC awareness of the RAS arming status. In addition: 

• There were no notes indicating the RAS setpoints would be adjusted for this outage.  

• There was no phone call from PACE providing verbal notification that the RAS setpoints had 

been adjusted.  

 

14 Computes the best estimate of a grid's voltage magnitudes and angles using redundant and scattered 
measurements; e.g., SCADA/PMU. It transforms raw data into a reliable, real-time snapshot of the network, 
enabling security monitoring, bad data detection, and contingency analysis. 

15 HANA. Used to perform RTCA, as a "hosted" application from RCW, allowing smaller BAs and TOPs to use the 
centralized, high-performance computing infrastructure of a major RC to run their own localized studies. 

16 This RAS setpoint adjustment was consistent with PacifiCorp's RAS Operating Manual. 

http://www.wecc.org
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• There was no energy management system (EMS)17 alarm available to indicate the RAS 

setpoints had been adjusted by raising the arming limit.  

In addition to this RAS visibility issue, there had been approximately 64 instances of unsolved RTCA 

contingencies18 in this area in the previous two months with corresponding RTCA violation alarms. 

Offline studies during these instances were able to be resolved, indicating no system reliability issues. 

This history of unsolved indications, along with lack of RAS visibility, reduced RCW’s confidence that 

the results it was seeing before the scheduled outage were valid, preventing it from recognizing the N-1 

insecure state and directing PACE to hold off on the switching.  

RCW asked its operating engineer (OE) to perform an off-line study to confirm the RTCA results. The OE 

could get the studies to solve but was not satisfied with the results and would investigate further. 

At 1220 hrs., RCW called PACE to discuss “a couple things.” RCW asked about the communications 

outage in southern Utah and whether PACE still planned to take the outage. PACE reported the 

estimated time for repairs of the communications outage was 3 hours at least due to the site location. 

In response, RCW asked whether the outage would be delayed “until the comms stuff” was figured out. 

PACE responded that it still planned to take the Aeolus–Clover line out soon, noting that the 

communications outage should not affect the outage “since [PacifiCorp did not] need to move 

generation around so much.” Before the call ended, PACE agreed to provide updates on the “comms 

stuff.” 

This was not intended as a go-ahead from RCW for the Aeolus–Clover outage. RCW anticipated a 

reduction in wind generation before the line was switched out of service. PACE’s understanding from a 

previous conversation (on the wind reduction no longer being needed for overloads seen with the 

Miracle Mile bus outage) was that, with the bus returned to service, no wind reduction was needed for 

the Aeolus–Clover 500 kV line outage. In the next RTCA scan, RCW showed the Aeolus–Clover 

contingency was converging. Other unsolved contingencies in the region were the Anticline 500 kV 

transformer, Anticline–Jim Bridger 345 kV line, and the Aeolus–Anticline line. RCW’s last scan before 

the event showed unsolved contingencies in the area for the Aeolus–Clover line, Anticline 500–345 kV 

transformer, Anticline–Jim Bridger 345 kV line, and the Aeolus–Anticline line. With different 

understandings of when the outage would begin, no further communication occurred between RCW 

and PACE before the outage. 

SPP 

SPP confirmed it was showing clear contingency results due to the return of the Miracle Mile bus. The 

Aeolus–Clover line is in the RCW area. SPP does include areas outside of its RC area in its studies, but 

 

17 For power systems, this is a software-driven platform that monitors, controls, and optimizes electrical grid 
performance, generation, and storage. 

18 An unsolved contingency in RTCA occurs when the system software cannot calculate a stable post-contingency 
state for a specific component failure (such as a line or generator trip). This often indicates a potential voltage 
collapse, instability, or a highly infeasible operating state. 

http://www.wecc.org
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because they are outside of its area of responsibility, those areas may not have the same level of 

alarms or visibility.  

For the Aeolus area, which is outside its RC area, SPP models the RAS in its RTCA but has no visibility 

of the RAS’s arming status and assumes the RAS is available in its studies unless notified by RCW. 

With no notification of a change in RAS arming status, before the event, SPP’s RTCA study showed no 

contingency issues of concern and solved with the Aeolus RAS tripping an appropriate amount of 

generation, making SPP unaware of the actual N-1 insecure state caused by the setpoints for the 

Aeolus RAS having been adjusted for the line outage.  

PACE 

Adjusting the setpoints for the Aeolus RAS allowed RTCA to provide results that were not masked by 

RAS actions. The PACE RTCA performed several runs with no contingencies identified that would 

prevent it from removing the Aeolus–Clover line from service.  

Due to issues with RTCA alarming thresholds that were not understood at the time of the event, PACE 

was unaware that the system had entered an N-1 insecure state.  

After the event, and looking closer at the solution, PACE discovered that, although its RTCA did solve, 

the Aeolus 500 kV bus voltage without RAS action was 450 kV. Normally, this voltage level would 

indicate a violation of the low voltage limits showing an unacceptable RTCA solution. PACE discovered 

that the alarming for these voltage violations had not been enabled in its RTCA system when these 

busses were first commissioned in 2020, preventing the alarms from indicating problems with the 

scheduled line outage.  

Additionally, PACE determined that the voltage drop seen during the event was greater than the 450 kV 

in the RTCA solution. Normally, in RTCA, as the voltage drops, the modeled generators will provide 

reactive current following a modeled megavolt-amperes reactive (Mvar) curve up to the identified limit. 

In PACE’s RTCA, 43% of the units modeled did not have these curves or were not set to limit voltage. 

This allowed these units in the model to produce Mvar beyond the physical capability of the actual 

units. In essence, they would do what they needed to do to solve the case, masking the actual risk 

involved with the scheduled line outage. PACE also discovered that the contingency model for the 

Aeolus–Clover line and several other contingencies in the area had flags set incorrectly, resulting in 

contingencies not being monitored and alarmed in real time as expected.  

At 12:43:34, without further communication with RCW, the Aeolus–Clover line was removed from 

service.  

PACE Event 

Before the planned outage of the Aeolus–Clover transmission line, there were eight other 230 kV 

transmission lines already out of service in the area for planned outages. 

As per the switching order to de-energize the Aeolus–Clover transmission line for the planned outage, 

the PACE system operator opened the Aeolus 11G62 circuit breaker at 12:43:34.460. Opening this 

breaker disconnected the Aeolus–Clover 500 kV line from the Aeolus 500 kV bus. Immediately, the 

Aeolus 500 kV bus voltage started to decline rapidly (See Figure 3). The Aeolus bus voltage declined 
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from ~1.0 pu to ~0.28 pu in 344 milliseconds, at which time the Aeolus–Anticline line tripped correctly 

on Zone 1 due to the extremely low voltage. At the time of the Aeolus–Anticline line trip, the Windstar 

230 kV bus voltage was ~0.78 pu. When the Aeolus–Anticline line tripped, the Windstar 230 kV bus 

voltage decline accelerated, reaching ~0.23 pu in the next 279 milliseconds. During this period, 13 

additional 230 kV transmission lines tripped correctly on Zone 1 due to the extremely low voltage. The 

single 500 kV and 13 230 kV transmission lines tripping resulted in the separation and islanding of 

northeast Wyoming and southwestern South Dakota from the WI 623 milliseconds after opening the 

Aeolus–Clover line.  

Table 1: Line loss sequence of events 

Facility Outage Time Cause 

Aeolus–Clover 500 kV 12:43:34.460 Manual 

Aeolus–Anticline 500 kV 12:43:34.832 Zone 1  

Casper-Riverton 230 kV 12:43:34.890 Zone 1 

Alcova–Copper Mtn 115 kV 12:43:34.941 Zone 1 

Buffalo Head-Badwater 230 kV 12:43:34.958 Zone 1 

Alcova–Miracle Mile (east) 115 kV 12:43:34.958 Zone 1 

Alcova–Miracle Mile (west) 115 kV 12:43:34.958 Zone 1 

Glendo-Whiterock (south) 115 kV 12:43:34.969 Zone 1 

Glendo-Whiterock (north) 115 kV 12:43:34.970 Zone 1 

Dave Johnston-Goshen 230 kV 12:43:34.981 Zone 1 

Alcova–Casper (north) 115 kV 12:43:34.983 Zone 1 

Alcova–Casper (south) 115 kV 12:43:34.985 Zone 1 

Windstar-Shirley Basin 230 kV 12:43:35.076 Zone 1 

Dave Johnston-Amasa 230 kV 12:43:35.085 Zone 1 

Fall River-Stegall 230 kV 12:43:35.086 Zone 1 

 

The rapid decline of voltage after opening the Aeolus–Clover line was due to a lack of adequate 

reactive power to maintain voltage for the magnitude of power flow through the transmission topology 

that existed after opening the line. The resulting electrical island formed and collapsed within 6 

seconds from the initial event. 

The system disturbance resulted in high system frequency measured at Dave Johnston up to 62.76 Hz 

at 12:43:35 subsequently tripping Dave Johnston units #1–4 on over frequency. Units #1 and #2 

performed a whole unit trip (G lockout) at 12:43:34 and 12:43:36 respectively. Unit #3 performed a 

prime mover trip at 12:43:35 followed by the whole unit trip on (U lockout) due to an exciter trip at 

12:46:28.  
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Dave Johnston Unit #4 performed a prime mover trip (S lockout) at 12:43:35. This unit’s protection also 

includes a reverse-power relay designed to prevent the generator from motoring by detecting and 

isolating the unit if power begins flowing into it from the grid.  

The Dave Johnston 230 kV bus was initially de-energized and was later re-energized at a voltage below 

the reverse power detection threshold, so the Unit #4 reverse-power relays did not operate, leaving the 

generator electrically connected to the grid and preventing a whole unit trip. 

 

Figure 3: Aeolus 500 kV bus volts (orange marks the time of Aeolus–Clover  
line opening; magenta marks the time of Aeolus–Anticline tripping). 

Widespread Tripping  

The resulting generation–load imbalance caused widespread cascading and tripping along with a drop 

in the WI frequency to 59.758 Hz before recovering to 60 Hz within approximately 6 minutes. The 

magnitude of the generation loss was ~120% of the WI’s Resource Loss Protection Criteria (RLPC). 

While the frequency nadir was exceptionally low, because of the magnitude of the loss and the 

relatively low inertia and demand on the interconnection, performance was exceptional and margin to 

the WI underfrequency load shedding was greater than .25 Hz. Additionally, the initial frequency 

recovery immediately before any deployment of contingency reserves indicates primary frequency 

response, measured at the A-B space, was -2,840 MW/.10 Hz, double the Interconnection Frequency 

Response Obligation of -1,420 MW/.10 Hz19. This exceptional performance is believed to be a result of 

the resource mix online at the time of the event.  

 

19 2025_FRAA_Report_Clean.docx 
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As a result of this cascading outage, impacts in PACE, Black Hills Energy (BHE), Tri-State G&T (TSGT), 

WACM, and Montana–Alberta Tie Line (MATL) included generation, transmission equipment, load, and 

customer loss. In total, within 6 seconds, 33 BES transmission lines, approximately 1,120 MW load, 

approximately 4,853 MW of generation, and service to over 250,000 customers were lost. 

In response to the large amount of generation lost, several members of the Northwest Power Pool 

(NWPP) Reserve Sharing Group (RSG) requested contingency reserve delivery from the NWPP RSG. 

PACE made an initial request of 2,668 MW at 12:47:00; WACM requested 222 MW at 12:48:30; and 

Berkshire-Hathaway Energy–MT (BHE-MT) requested 110 MW at 12:46:50. The NWPP RSG program 

distributed this request to every remaining NWPP RSG member, which includes most of the WI 

Balancing Authorities (BA). At 12:55:26, PACE raised its request to 3,639 MW. 

In response to the delivery of contingency reserves, WI frequency recovered to nominal 60.0 Hz at 

approximately 12:49:42, roughly 6 minutes after the event started. Entities requesting contingency 

reserve deliveries continued to modify their requests throughout the event. 

 

Figure 4: Major transmission facilities tripped during event (marked with red X; island formed within the circle). 
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System Restoration  

Restoration Training and System Assessment  

Large-scale events on the BES that require coordinated restoration are rare. This makes it difficult to 

develop and maintain the skills needed in the restoration process. To reinforce the importance of this 

crucial task, and to develop and maintain the skills needed, system operators are required to perform 

yearly training on restoration provided by their RCs.  

Most restoration training is built on a full-area blackout scenario. In this training model, operators focus 

on executing their entity’s blackstart restoration procedure and coordinating each stage of progress 

with the RC. When the system is ready to reconnect with adjacent Transmission Operator (TOP) areas, 

the RC is responsible for coordinating and approving—or withholding approval for—the interconnection. 

During an event such as the one experienced on November 13, system restoration depends heavily on 

the post-disturbance condition of the remaining interconnection. This form of restoration, recovering a 

partially intact but stressed system rather than initiating a full blackstart, is not typically emphasized in 

training. As a result, operators must rely on the restoration principles and decision-making skills 

developed through their training and apply them dynamically to the conditions at hand. 

Recommendation 

An accurate assessment of the condition of the system after a cascading event is needed to implement 

coordinated restoration. After the event, entities work with their RCs to determine the extent and 

condition of the affected area.  

This assessment should include information on:  

• Boundaries of the affected areas  

• Generation status and availability  

• Transmission line status 

• Load status 

• Voltage and frequency  

• System operating limits (SOL) exceedances 

Properly identifying the condition of the area and the resources available will aid in the coordinated 

restoration after an event.  

The area of the power system affected in this event is also characterized by relatively low pockets of 

load, abundant generation, and long transmission lines that interconnect them. This configuration can 

lead to issues controlling system voltages. As the transmission lines are placed in service, they will 

initially increase the voltage. As system load, generation, and voltage control devices are placed in 

service, they will help to bring the voltage back within its normal operating range.  

System operators must plan their restoration to successfully maintain this balance. In those areas 

where sections of the power system are split between multiple system operators, communication and 

coordination become vital to facilitate a smooth and successful restoration process. 

http://www.wecc.org


 

NOVEMBER 13  WYOMING DISTURBANCE  19 

<Public> 

Restoration Challenges 

After the system event, the entities worked toward restoring their systems. The quality of the 

restoration during the November 13 event was affected by several issues in the categories of 

personnel, processes, and tools. 

Personnel 

Among the affected entities, there was a lack of mutual understanding of what occurred, the extent of 

the outage, and how to proceed forward. The volume of calls into some of the control centers 

exceeded the ability of the operators to successfully manage them. Many of the assessments 

performed failed to provide the necessary information. Some entities, not recognizing the extent of the 

tripping, determined that it was a Balancing Contingency Event (BCE) and worked to recover ACE and 

Contingency Reserves but did not follow the guidance documented in their restoration plans.  

These factors resulted in operational silos with an initial failure to efficiently assess the extent of the 

outage and collaborate on restoration. 

Processes 

All the entities involved provided their restoration plans through a data request to the review team. 

These documents are used to help them plan their response to a system disturbance. In these 

documents, one of the primary starting points was assessing their systems to establish the boundaries, 

impacts, and status. Absence of initial identification of the full scope and impact of this event initially 

led to an overall lack of coordination in restoration. 

This event affected entities in two RC areas. It is critical and expected that the RCs would communicate 

and coordinate the restoration efforts across their area seams. RCW initially determined the event did 

not meet the criteria to trigger a restoration plan and contacted PACE in its area asking whether it 

thought it would be able to recover its Reporting Area Control Error (ACE) 20.  

SPP’s initial response was to notify its TOPs through a bridge call that it would work to mitigate 

numerous N-1 RTCA contingencies and request its entities to hold off on restoration. 

SPP set up a bridge call to coordinate restoration at 1416 hrs., with all entities eventually joining the 

call. Before this, largely uncoordinated and ineffective restoration efforts had occurred. 

Tools  

Entities were inundated with alarms leading to alarm management issues. This slowed the 

identification of causal factors and the extent of the outage. RCW’s ICCP link for data received from 

SPP RC for the WACM area went down for 64 minutes, beginning at 1220 hrs. This outage, combined 

with the large number of elements affected by the event, caused the state estimator to fail to converge 

for 32 minutes. As a result, RCW’s RTCA did not run.  

 

20 The instantaneous difference between a BA’s actual and scheduled power interchange, plus frequency bias, 
representing power imbalance. 
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Several entities’ system displays focused on their local transmission areas but provided a limited view 

of the interconnection and an overall view of the outage area. Entities that brought in more of their 

neighbor’s systems had improved visibility that helped their restoration approach. BHE identified a 

difficulty due to its transmission line status (energized/de-energized) being masked by their display 

design showing lines in service due to breaker status even though they had no voltage or MW power 

flow.  

In all, this limited system visibility added more complexity and confusion to the performance of the 

assessments and restoration. 

Restoration Activities 

After the system event, SPP’s RTCA showed seven N-1 contingencies with the most severe loading at 

160% of that line’s rating. SPP began a conference bridge with its entities and notified them that 

coordinated restoration would not begin until the system had been restored to a secure state. BHE 

determined its limits of the outage to be the entire northern TOP area (the area of the city of Cheyenne 

was still energized). It had open breakers toward its WACM Stegall tie point, and breakers were still 

closed at the PACE Windstar substation on its ties. No other 230 kV line breakers in BHE’s internal 

system had tripped. SPP declared a transmission emergency for the Wyoming-South Dakota area at 

1259 hrs. This declaration would be released on the morning of November 14.  

RCW knew there had been a major generation loss event, but from 1220 hrs. to 1324 hrs. the ICCP links 

with SPP flatlined with WACM data flatlining also. This resulted in a loss of visibility into that portion of 

the system, obscuring RCW’s ability to assess the true magnitude of the event. With this limited 

visibility, RCW determined there was no immediate need to initiate its restoration plan. Its first priorities 

were to stabilize frequency and recover ACE. During this time, RCW called PACE and asked whether it 

would be able to recover. PACE did not know at this point, stating it was looking “pretty bad.” RCW 

requested a call within 5 to 10 minutes and stated it may have to shed load. 

PACE system operators were focused on recovering their Reporting ACE and initiated a request for 

contingency reserves to cover the generation loss. At 1246 hrs., three minutes after the event started, 

PACE restored the Aeolus–Anticline 500 kV line. Restoration of this line at the beginning of the 

restoration process, combined with the lack of area load due to the widespread tripping, contributed to 

high area voltages that complicated the restoration process. The Anticline 500 kV North bus reached 

587 kV (See Figure 5) with the line returned to service. The operator inserted reactors at Jim Bridger to 

help lower the voltage and continued switching to restore the transmission that had tripped. The 

operator was unaware of the system connectivity and extent of the impact this restoration was having 

on neighboring utilities. 
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Figure 5: Anticline 500 kV North bus voltage 

The TSGT Difficulty substation 230 kV bus voltage reached 266.9 kV exceeding the High Limit 4 level. 

This sustained high voltage resulted in TSGT reporting a BES Emergency due to a voltage deviation on 

a facility equal to or greater than 10% of nominal voltage sustained for greater than or equal to 15 

continuous minutes as per the Department of Energy using their Electric Emergency Incident and 

Disturbance Report. Later in the event, they also removed their Difficulty substation transformer T1 due 

to the high system voltages.  

Several attempts were made to restore the Badwater substation 230 kV bus beginning at 1300 hrs. Due 

to the sustained high system voltage and lack of load, the equipment continued to trip.  

PACE continued to restore lines within its system and, at 1300 hrs., completed the 230 kV connection 

from its Casper substation to its Windstar substation. This restoration energized the BHE north system 

from the Windstar interconnection, which was completely de-energized during the initial event. BHE’s 

north system was unexpectedly energized by PACE’s action; this resulted in high voltage throughout 

the BHE system due to all its transmission being intact, no internal generation online, and very low 

loads due to underfrequency load shed (UFLS) protection operations during the initial trip.  

With no notification from PACE that it would be energizing into the BHE system, BHE did not 

immediately notice its system had been re-energized. This was due to a combination of its display 

design, which showed the lines in service based on breaker status, masking their true status, and the 

overwhelming number of alarms still in the unacknowledged queue from the initial event.  

BHE then started to bring on internal combustion turbine generation and loads to help control the high 

voltage and minimize import energy from Windstar. It was unable to establish the tie to WACM Stegall 

due to an excessive phase angle of 100 degrees.  

As part of its restoration, PACE worked to provide off-site power to the Dave Johnston substation. At 

13:07:40, the Amasa–Dave Johnston 230 kV line was restored to service, energizing the Dave Johnston 

230 kV bus. 
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Dave Johnston Unit #4, without an electrical interconnection to drive the unit and a trip of the prime 

mover, had slowed down and reached approximately 3 rpm before re-energization. It normally operates 

at 3,600 rpm. 

With Unit #4 still connected to the now energized bus, the generator started motoring. The restrained 

differential relay performed a whole-unit trip (G lockout) at 13:09:50. The unit experienced substantial 

damage during this time and remains out of service with no estimated time of restoration. 

At 1416 hrs., once SPP had returned its system to a secure state, it initiated a conference bridge for 

coordinated restoration with all affected parties in both RC areas. PACE was not on this bridge initially 

and was contacted after the BHE area suffered a second blackout at 1418 hrs. and re-energization 

without notification at 1424 hrs. Once these coordinated efforts began, system voltages started to 

return to normal as entities began restoring the lower voltage systems and loads. Then Badwater 

230 kV was successfully restored, and the restoration proceeded much more smoothly, with overall 

restoration times shown in the following tables.  

Table 2: Load restoration efforts 

Load Restoration Efforts 

Entities Demand 

Interrupted 

(MW) 

Time Until 

Demand Fully 

Restored  

Date Restored 100% Demand 

Restored (hrs.) 

Number of 

Customers 

Affected 

PACE 411.1 2206 11/13/25 9.5 53,724 

WACM 70921 2104 11/13/25 8.5 47,000 

BHE 538 1945 11/13/25 722 154,393 

TSGT 6.64 2104 11/13/25 8.5 1,900 

Table 3: Generation restoration efforts 

Generation Restoration Efforts 

Entities Generation Lost 

(MW) 

Time Generation 

Restored 

Date Restored Generation 

Restored (hrs.) 

PACE 3823 2022 11/18/2025 103.523 

WACM 389.4 848 11/15/2025 42 

BHE 627 843 11/15/2025 42 

BHE-MT 

(MATL)24 

161 1333 11/13/2025 0.8 

 

21 WACM load includes BHE, TSGT, and sub-BA members’ loads. 

22 There were a few industrial customers requested to remain at minimal load until more generation resources 
were online on November 14. These industrial customers ramped up to full load by noon on November 15. This 
industrial load was approximately 40 MW total. 

23 Dave Johnston Unit #4 suffered significant damage during the event. 

24 Berkshire Hathaway Energy wind generation connected to the MATL that was lost consequently with the line 
outage. Restoration time reflects MATL transmission availability for the generation. 
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Table 4: Transmission restoration efforts 

Transmission Restoration Efforts 

Entities Final Transmission 

Restored (kV) 

Time Transmission 

Restored 

Date Restored Transmission 

Restored (hrs.) 

PACE 500 

 230 

 115 

1146 

1658 

1938 

11/13/25 

11/13/25 

11/13/25 

.05 

5 

7 

WACM 230 

115 

2128 

1936 

11/13/25 

11/13/25 

8.5 

8 

BHE 230 1728 11/13/25 4.5 

WECC and NERC Key Contributors 

The following key contributors were identified through the disturbance review. These key contributors 

are placed into three categories: personnel, processes, and tools. A table is available in Appendix C — 

Key Contributors and Considerations. 

Personnel  

1. Mutual understanding between the RCs and TOPs was insufficient when sharing key details of 

the planned outage (RTCA results, final switching approval, and RAS status). As a result, 

situation awareness of actual system operating conditions did not align with the expected 

outcomes based on real-time generation levels before switching at the Aeolus 500 kV 

substation.  

2. A TOP’s policy circumvented RAS tripping to avoid potential generation dropping that would 

require manual resetting of generator lockouts at the station. 

3. TOP communications were not coordinated with neighboring TOPs/RCs, e.g., mutual 

understanding of actions to be taken throughout the event. 

4. Restoration training across RC seams is insufficient. The training scenarios need to be 

expanded to ensure that operators recognize restoration events beyond those identified in the 

EOP-005 core requirements of utilizing blackstart resources and other events that would benefit 

from the use of restoration strategies. TOP switching actions did not follow best practices for 

restoration, e.g., basic system restoration begins with assessing the system before acting. To 

ensure system voltage is maintained within SOLs, restoring lower voltage facilities then working 

up to higher voltages is the generally accepted process. 

Processes  

1. Processes were insufficient to manage seams across TOP and RC footprint areas, e.g., 

incomplete modeling of neighboring systems in OPA and RTA models, as well as inadequate 

sharing of real-time operational data, such as RAS status and related information.  
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2. Lack of resolution of persistent RTCA issues and workarounds to get the model to solve 

weakened operator trust in RTCA tool. 

3. Entities initially failed to follow their restoration procedures e.g., inadequate assessments, 

inadequate communications.  

Tools  

1. Some entities generally rely upon only one analysis tool and corresponding model without the 

ability to validate results between off-line and on-line study tools. 

2. RCs and TOPs made different assumptions when modeling RAS in RTCA.  

3. Sharing of the RAS information between TOPs and RCs was inconsistent in both modeling 

(setup, understanding, assumptions) and real time, (communications, change of status, 

consideration in real-time studies) with respect to the information itself, as well as the 

communication medium, e.g., telemetered, phone call. 

4. RTCA for one entity was operating with inaccurate modeling parameters — including incorrect 

operating limits, improper generating-resource reactive-capability values, and disabled 

low-voltage alarming — along with inconsistencies between modeled generator parameters and 

actual testing data. 

5. TOP line status was linked to breaker position which masked de-energized lines. 
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What Went Well 

Based on discussions with the RCs, coordination between the RCs before and during the event went 

well. While it was recognized there were some missed steps during the assessment phase following 

the event initiation, preceding the trip and even during the restoration phase, the RC-to-RC coordination 

was positive. There were several phone calls between the RCs on the morning of the event. Although 

there are some areas of improvement for more effective communication, the phone calls revealed 

great working relationships that have developed over time among the control room operators at RCW, 

SPP, and PACE.  

The RCs worked together to determine the best path forward once the conference call was established, 

and that coordination created a good culture for the call, which set the tone for the TOPs involved in the 

restoration. 

The RCs coordinated several actions across seams to mitigate the resulting N-1 overloads that were 

present following the cascade. There were several N-1 overloads in excess of 150%, and quick action 

by both RCs returned the system to a secure state quickly. The TOPs worked together well during this 

window and coordinated actions across RC seams. The outcome of these phone calls indicated a very 

positive, collaborative working relationship between the entities, especially between RCW and SPP, 

when it comes to mitigating issues around seams.  

RCW identified that its EMS alarm system worked very well to show only the most critical alarms to the 

RC operator (such as frequency/ACE excursions and BES elements out of service) and suppressed 

non-critical alarms (such as breaker/switch operations). The RC operators on shift commented that 

this was very helpful in allowing them to quickly identify the list of BES elements that were out of 

service without being overwhelmed with switch and breaker alarms. This significantly improved alarm 

system was the result of a comprehensive revamp of the alarm philosophy implemented by RCW a few 

years ago. RCW noted its wide-area EMS overview display, which showed PACE, WACM, and NWMT 

systems on one display, was very helpful to the RC operators to quickly assess the scope of the event. 

SPP maintained accurate, real-time awareness of system conditions throughout the event, including 

identification of the Miracle Mile overlap risk, without complete RAS status information from 

neighboring entities. SPP's situational awareness applications and real-time engineering support 

allowed the West RCs to quickly identify the cascade boundary and respond decisively, prioritizing the 

highest risk single-contingency elements. The Macomber map and CDAT applications were central to 

that efficiency. These applications are available to SPP stakeholders via the Replicated Data Server, 

giving customers direct access to RC-level system visibility. 

SPP commended BHE on its initial actions, its assessment, its speed of response, and accuracy of its 

decision making. Throughout the event their staff remained calm and were easy to work with despite 

the fact their system was affected the most by the event. 

BHE noted that the RC bridge call became a turning point once all parties were able to join. The BHE 

OEs played a critical role by helping operators identify a major system limitation: specifically, that the 

entire northern system was being supplied through a single tie. The OEs also highlighted key 
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monitoring points that would allow operators to add load in a controlled manner and observe, in real 

time, how the single-tie constraint was being affected. 

The RCs and affected entities noted that operators who were off shift came in to support the on-shift 

crews in the restoration process. 

BHE identified that its UFLS program worked as designed and noted very few issues requiring field 

support. Its backup power system performed very well and kept its EMS/supervisory control and data 

acquisition (SCADA)25 system running with no interruptions, which greatly assisted the restoration. The 

wide-area view design in the SCADA system was extremely helpful to the operators, allowing them to 

quickly zoom out to see the entire system connectivity and then zoom in to a particular substation, as 

opposed to having to go from substation to substation to operate devices. This allowed operators to 

maintain awareness of the “big picture.” 

PACE identified that the ability to use wind resources helped it restore the system. 

The entities participating in the WECC event review process and meetings commented on the value of 

the coordination and networking of WECC staff, NERC staff, and the affected entities were extremely 

valuable for everyone involved. The networking between the TOPs and RCs was invaluable and focused 

on how everyone can improve and be better at dealing with similar events in the future. The overall 

process was educational and created relationships that will last well into the future. 

  

 

25 A centralized hardware and software system used to monitor, control, and automate electricity generation, 
transmission, and distribution in real time. 
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WECC and NERC Considerations  

The considerations for this disturbance correspond with the key contributors. Like the Key Contributors 

section, they are placed into three categories: personnel, processes, and tools. (A table of these 

considerations is available in Appendix C — Key Contributors and Considerations). 

Personnel  

1. Entities should ensure that a mutual understanding has been achieved among all participants 

during operational communications, e.g., through the use of three-part communication and a 

questioning attitude. 

2. TOPs should use conservative decision-making based on system reliability. 

3. Communications during system events should be clear and concise and ensure that mutual 

understanding has been achieved before actions are taken. 

4. System restoration training should be re-evaluated for its effectiveness for both RCs and TOPs, 

with the goal of improving restoration performance by ensuring that operators can accurately 

assess system status — including generation resources, circuit-breaker positions (especially tie 

points with neighboring entities), and the quality of communication and coordination among all 

participants.  In addition, other scenarios, along with complete blackstart and system 

restoration (BSaSR), could be considered. RCs should re-evaluate the annual BSaSR training to 

incorporate the four RCs and their respective areas, including with TOPs and with RCs only. 

Processes  

1. RCs should verify how far to model across seams to provide overlapping visibility of potential 

contingencies and operating limits. 

o Any changes to RAS status should be accurately and consistently modeled between 

affected entities. 

2. RCs and TOPs should evaluate the variability of the generation resources in their OPA and set 

appropriate maximum and minimum parameters within SOLs to prompt additional operator 

actions. 

3. Entities should use conservative decision-making in verifying any discrepancies between RTCA 

results. 

4. When addressing N-1 contingencies post-event, RCs should consider whether returning lines to 

service would resolve some of these contingencies more efficiently and quicker than other 

methods. 

o Direct TOPs to restore their systems as much as possible without interconnecting with 

neighboring TOPs. 

Tools  

1. Entities should investigate the use of additional off-line tools to confirm and evaluate on-line 

tool results. 
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2. Entities should ensure consistent modeling of system parameters such as RAS status. 

3. To ensure mutual understanding, RCs and TOPs should clearly define the information needed 

and the means of communication to be used. 

4. Entities should examine their quality control procedures for the implementation of new software 

or changes to existing software to ensure the settings are accurate. 

5. TOPs should examine their systems to identify any single-source data point used to establish 

equipment status and consider adding additional sources if feasible, e.g., line status from 

voltage and breaker position. 
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Entity-identified Areas of Improvement and Lessons Learned 

SPP Areas of Improvement  

1. Strengthen model coordination and accuracy for first-tier facilities. Increase focus upon line 

characteristics that improve state estimator quality across TOP and RC boundaries.  

2. Improve real-time data exchange on the Aeolus RAS, including RAS arming thresholds and 

operational status visibility.  

3. Explore a voltage security assessment tool (VSAT)26 interface to communicate feasible 

transfer levels when the Aeolus RAS is active versus de-activated. This should help give TOPs 

and RCs a common operating picture.  

4. Increase outage coordination and communication to ensure documented mitigations are in 

place when outages require action from multiple RCs across TOP boundaries.  

5. Increase awareness of communication outages outside the RC footprint. SPP’s awareness of 

PAC’s large telecom outage could have prompted a more conservative operation before the 

event. 

6. With regard to displays used to monitor ICCP link remote status, ensure appropriate controls 

are in place so that any code changes affecting such displays are thoroughly tested following 

deployment. 

RCW Lessons Learned  

1. Clarify Aeolus RAS documentation: Coordinate with PACE to clarify RAS operations questions in 

the Aeolus RAS document.  

2. Refresh on RCW training for PACE area: Refresher training for the OEs and Operators on the 

Montana, Wyoming, South Dakota seams area, including overlapping outages and RAS.  

3. Review outage rejection follow-up processes: Perform external outreach concerning Outage 

Rejection follow-up processes.  

4. Follow Up regarding SPP to PAC direct communications: Follow up w SPP regarding processes 

to reach out to RCW BAs and TOPs directly to ensure RCW is looped in.  

5. Improve RAS update coordination between RCs and TOPs: Need to improve how RAS is 

reviewed, approved, and implemented to ensure that all affected entities understand the RAS’s 

purpose, when it will operate, etc. Each entity is at risk of having differences in modeling for 

studies and real-time tools. There should be more explicit communication from TOP to RC and 

RC to RC regarding change of RAS status. There is potential for improvement at WECC RAS RS 

to help bridge from approval to intended implementation. SPP and MISO have a monthly 

 

26 VSAT’s purpose is to monitor and assess voltage stability, identify constraints in real time, and determine 
voltage security limits, especially under high wind penetration scenarios. SPP RCs use this tool as part of its 
congestion management methodology to evaluate transmission reconfigurations and phase-shifting 
transformers (PST).  
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meeting — OE and Analysis Study Group and EMS team and equivalent at MISO. Consider 

establishing similar focus in SPP to RCW meetings.  

6. Refresher training for OPA investigation, review process, and coordination: Refresher training 

regarding the use of appropriate cases, documenting mitigation follow-up actions, and proper 

notes to reflect validation results. Establishing a nightly OPA review meeting with both real-time 

OEs and RCs for study assumptions, major outages, and mitigation plans with TOPs for any 

unsolved contingency and overload results.  

7. Incorporate PAC conditional stability SOLs for Bridger West and Aeolus West into tools: PAC 

has sent conditional SOLs for certain outage combinations in the area. RCs created PI displays 

to monitor. OEs coordinated with PAC to establish an Aeolus interface in Voltage Stability 

Analysis (VSA)27. Add ICCP for Aeolus West TOT 4a/4b nomogram.  

8. Update Aeolus RAS modeling and associated displays: Review modeling and data mapping to 

improve Aeolus RAS display with RAS status, generation armed to drop, area power flows, 

arming threshold value, and path monitoring enabled/disabled.  

9. Create new RC communication desktop and training: In addition to COM-002 protocols, provide 

more specific guidance and scripts for RC operators.  

10. Improve process for RC review of non-converged and invalid exceedances: Update RC0310 & 

RC0310C procedures for RC review of non-converged (and invalid exceedances) process for 

declaring insecure operating state, starting mitigation actions if unable to resolve in 15 mins. 

Load shedding would only be considered viable mitigation for declared insecure operating state.  

11. Update notification requirements for arming or disarming any major RAS and associated study 

requirements: Update RC0130 procedure — Expand RT Notifications Criteria for RAS Changes 

Update — RC0310 procedure — Clarify RC actions for studying requested RAS status changes in 

RTCA study user.  

12. Improve process for pre-clearance approval for important outages and outages that are taken 

outside of OPA study window: Update RC0320 procedure for TOP and RC expectations for 

coordinating and approving critical planned outages. New RC Desktop to address pre-clearance 

approval process in all operations periods.  

13. Improve notification for delayed outages: RC0320 procedure — Add criteria for outage restudy; 

e.g., deviate by 30 minutes.  

14. Improve process for managing RTCA notes for invalid exceedance and non-converged 

contingencies: Establish process for periodic review of RTCA notes, which includes tracking 

actions taken to address and improve persistent issues.  

 

27 Often part of an RTCA suite, VSA helps identify potential post-contingency voltage violations that could lead to 
instability. RCW conducts real-time VSA to ensure system reliability by monitoring critical interfaces and 
maintaining bus voltages within 5% of rated levels. 
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15. Add rate of change alarms for RC entity load changes: Add new EMS alarm for BA load rate of 

change for each BA. During the event, RC operators could not quickly determine that BAs 

dropped load. This alarm will alert operators to BAs that experience significant change in load.  

16. Update RAS status changes alarm: Make certain RAS status changes to a Priority 1 alarm.  

17. Best practices for power flow tuning and troubleshooting non-converged contingencies: Ensure 

consistent actions are used for power flow tuning and troubleshooting non-converged 

contingencies. As an example, this can include documenting a list of acceptable actions that 

can be taken for different scenarios. It should be clear how those actions can affect solutions 

and the model.  

18. Assess restoration procedures to include additional scenarios: Once scope of incident was 

understood to have a wider area of effect than only PACE area transmission, generation, and 

load, the RC and PACE could have considered whether certain system restoration strategies 

could have helped with the recovery efforts. EOP-006 System Restoration Plan does not include 

this type of scenario; system restoration plan and related training could be expanded beyond 

EOP-006 and EOP-005 requirements to use restoration strategies and processes if an event 

meets additional criteria — e.g., transmission, generation, and load effects in more than one 

TOP area, more than one RC area.  

19. RC seams display improvements for EMS: In addition to current overview displays, adding a new 

EMS RC seams display.  

PacifiCorp Lessons Learned  

Enhance awareness and coordination for active management of real and reactive power across the 

area. 

• Further study voltage stability risks: Conduct comprehensive multi-horizon transmission 

planning to identify voltage stability risks under contingency conditions.  

• Implement reactive power study plan: Develop and implement a reactive power study plan to 

improve visibility into system reactive power position. Configure voltage stability analysis tools 

to run necessary analyses, display results to operators, and trigger alarms when limits are 

exceeded. 

• Enhance simulator training: Increase frequency and rigor of EMS simulator training focused on 

voltage stability scenarios. 

• Develop cross-entity drills: Conduct joint, cross-entity drills (with TOs, RCW, and other RCs) to 

strengthen coordination and clarify roles during abnormal and emergency conditions. 

• Optimize reactive power resources: Review and refine deployment and operational protocols 

for reactive power resources (generators, reactors, capacitors, etc.) to ensure full utilization. 

Improve coordination and information-sharing across parties and seams, especially during unexpected 

events and emergencies. 

• Formalize cross-entity coordination and role definition: Establish a structured working group 

(PacifiCorp, RCW, SPP RC, RTO West, and WECC) to clarify outage coordination roles and 
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responsibilities. Update procedures to ensure consistent coordination, approvals, and alignment 

across entities accounting for system scope and voltage class differences. 

• Strengthen pre-execution study requirements: Require offline studies of all planned switching 

on critical (e.g., 230 kV+ that have identified stability, reliability, or seams impact) lines shortly 

before execution. Include protocols 

1. For deeper review of results with violations or divergence, or within a defined tolerance from 

exceeding SOLs, before proceeding with switching 

2. To trigger engineering review with RC, or internally, when system conditions deviate 

materially from planned assumptions. 

• Establish protocols for operating under tool limitations: Spell out procedures for switching 

when modeling tools are impaired, including investigation steps, parameter constraints, and 

required approvals. This should address tool availability (e.g., communications outage) and 

data quality issues. 

• Improve RAS coordination and data accuracy: Strengthen the process for RAS status 

communication, model updates, and validation, ensuring accurate real-time representation 

across entities. 

Ensure the accuracy of system modelling tool data and address configuration. 

• Update generator capability curves: Validate and update generator capability curves using 

manufacturer and field-tested data.  

• Improve forecast integration in system studies: Ensure use of best-available generation and 

load forecasts in planning and operational analyses, including integration with Day-Ahead 

Contingency Analysis tool. 

• Strengthen model quality assurance: Implement structured processes for periodic validation 

and QA/QC of system models, including alarm configuration and network modeling tools. 

Establish processes to ensure ongoing data accuracy and integration into RC and other TOP 

models as appropriate. 

• Improve RAS design and coordination: Review existing controls, design, and procedures for 

RASs to eliminate reliance on manually raising arming limits. Assess system-wide coordination 

of RAS and voltage-control resources to better maintain system stability. 

Improve coordination, role definition, and communications across entities to develop and execute 

restoration plans following disturbance events. 

• Clarify restoration leadership and communication with relevant parties: Reinforce each party’s 

role, emphasizing the RC as lead, in restoration coordination. Establish rapid, structured 

communication channels (e.g., conference bridges) across all relevant parties. 

• Implement structured dead-bus restoration procedures: Develop and apply “strip-the-bus” 

protocols, requiring verification of breaker status before energization.  
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• Clarify restoration plan applicability: Define clear applicability of restoration procedures across 

disturbance types (blackstart, partial isolation, dead-bus, etc.) and ensure coverage of all 

scenarios. 

• Enhance restoration training and execution discipline: Expand joint training and simulation 

exercises with neighboring TOPs, RCW, and other RCs, focused on restoration scenarios. 

• Reinforce the need for operators to take the time needed to restore in a planned rather than 

reactionary manner: Reinforce the need for deliberate, plan-based restoration, including 

verification of system conditions and coordination before executing switch actions.  
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Appendix A — OPA  

RCs and TOPs perform various studies to gain insights into their system. These studies are performed 

for different periods: long-term, seasonal, near-real time, and real time. An OPA is a study performed 

the day before. These studies provide value by taking in the most accurate load and generation 

forecasts available combined with expected topology for the upcoming day. This allows entities to 

identify challenges in advance, so mitigation plans can be created to account for challenges that may 

appear in real time. There are several ways to perform an OPA, a few of which are detailed below.  

Next-Day OPA Study 

PACE’s process for creating a next-day OPA study involves taking a snapshot of the most recent peak 

load case, including the generation levels during peak load. Since the next-day OPA case only captures 

an hour of the operating day, it is limited on which outages are captured and studied. On November 13, 

2025, the outage to the Aeolus–Clover 500 kV line on PACE's system was scheduled to take place at 

0800 hrs. and expected to be out of service for about an hour. Delays in getting personnel on site to 

perform the switching pushed the outage several hours later than originally scheduled. The shift 

resulted in wind generation levels for Wyoming being significantly higher than the levels studied in the 

OPA.  

RCW's OPA includes 24 hours in its next-day OPA study case, which includes forecast generation. 

Since the Aeolus–Clover line was scheduled to come out of service at 0800 hrs., the forecast 

generation levels in the next-day OPA were low enough to not cause any post contingent overloads or 

voltage issues, therefore, there was no mitigation plan, including RAS action, developed for this outage.  

SPP creates an OPA case based on the most recent peak load case, capturing generation levels at the 

time of the snapshot. SPP had concerns with generation levels with the concurrent outages of the 

Miracle Mile bus and the Aeolus–Clover line, but those concerns and generation limitations were not 

explicitly coordinated with RCW or PACE.  

Conclusion: With the Aeolus–Clover outage being delayed from 0800 to 1200 hrs., and the wind 

generation forecasts being 1,000+ MWs lower at 0800 than at 1200 hrs., the OPA did not reveal any 

potential issues regarding the Aeolus–Clover outage any of the three entities. The concern identified in 

the OPA was directed toward the concurrent outages of the Miracle Mile bus and the Aeolus–Clover 

line.  
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Appendix B — Tripping  

Transmission Facilities Loss  

• PACE — 16 BES transmission lines, and 2 BES transformers  

• WACM — 15 BES transmission lines  

• BHE — 1 BES transmission line  

• TSGT — None  

• NWMT — 1 BES transmission line — sympathetic trip (included in total)  

UF Load Loss  

• WACM = no UFLS operations during the event  

• BHE = 160.73 MW  

• PACE = 45 MW  

• TSGT = 6.64 MW  

• NWMT = 0 MW  

Overall Load Loss  

• WACM = 709 MW 

o Affecting approximately 47,000 WACM sub-BA customers and including:  

▪ 538 MW BHE load, affecting approximately 154,000 customers 

▪ 6.64 MW TSGT load, affecting approximately 1,900 customers 

• PACE = 411.1 MW, affecting approximately 54,000 customers 

• NWMT = 0 MW  

Generation Loss  

• WACM = 389 MW  

• BHE = 627 MW  

• PACE = 3,805 MW  

• TSGT = 0 MW  

• NWMT = 0 MW 

• BHE-MT = 161 MW 
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Appendix C — Key Contributors and Considerations 

Key Contributors: Personnel Considerations 

Mutual understanding between RCs and TOPs 

was insufficient when sharing details of the 

planned outage, e.g., RTCA results, final 

switching approval, RAS status.  

Entities should ensure that mutual 

understanding has been achieved between all 

participants when communicating, e.g., three-

part communication, repeat back, questioning 

attitude. 

TOP policy circumvented RAS tripping to avoid 

potential generation dropping that would 

require manual resetting at the station. 

TOPs should use conservative decision-making 

based on system reliability. 

TOP communications were not coordinated 

with neighboring TOPs and RCs, e.g., mutual 

understanding of actions to be taken 

throughout the event. 

Communications during system events should 

be clear and concise and ensure mutual 

understanding has been achieved before 

actions are taken. 

Restoration training across RC seams was 

insufficient. TOP switching actions did not 

follow best practices for restoration, e.g., basic 

system restoration begins with assessing the 

system before acting. Restoring lower voltage 

systems then working up to higher voltage 

systems. 

System restoration training should be re-

evaluated for effectiveness with respect to the 

RCs and TOPs to improve the effectiveness of 

restoration, focusing on their system status by 

thorough assessments of generation 

resources, circuit breaker status, and especially 

ties with neighbors, communication and 

coordination among the entities. Also, other 

scenarios (such as this type of disturbance), in 

addition to complete BSaSR, could be 

considered. RCs should re-evaluate the 

annual BSaSR training to incorporate the four 

RCs and their respective areas, including TOPs, 

and with RCs only. 
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Key Contributors: Processes Considerations 

Processes were insufficient to manage seams 

across TOP and RC footprint areas, e.g., 

incomplete modeling of neighboring systems in 

OPA and RTCA models, as well as inadequate 

sharing of real-time operational data, such as 

RAS status and related information.  

RCs should verify how far to model across 

seams to provide overlapping visibility of 

potential contingencies and operating limits. 

Any changes to RAS status should be 

accurately and consistently modeled between 

affected entities. 

RCs and TOPs did not define maximum and 

minimum parameters within SOLs in their OPAs 

for area generation that would trigger additional 

off-line studies in real time. 

RCs and TOPs should evaluate the variability of 

the generation resources in their OPA and set 

appropriate maximum and minimum 

parameters within SOLs to prompt additional 

operator actions. 

Unresolved historical RTCA issues and 

workarounds to make the model to solve 

weakened the operators’ trust in their RTCA 

tool. 

Entities should use conservative decision-

making when verifying any discrepancies 

between RTCA results. 

Entities initially failed to follow their restoration 

procedures e.g., inadequate assessments, 

inadequate communications. 

Entities should ensure that mutual 

understanding has been achieved between all 

participants when communicating; e.g., three-

part communication, repeat back, assessments 

completed, questioning attitude. 

When addressing N-1 contingencies post-event, 

RCs should consider whether returning lines to 

service would resolve some of these 

contingencies. 

Direct entities to restore their systems without 

interconnecting. 
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Key Contributors: Tools Considerations 

Entities generally rely on only one analysis tool 

and corresponding model without the ability to 

validate results between off-line and on-line 

study tools 

Entities should investigate the use of additional 

off-line tools to confirm and evaluate on-line 

tool results. 

RCs and TOPs made different assumptions 

when modeling RAS in RTCA.  

Entities should ensure consistent modeling of 

system parameters, such as RAS status.  

Sharing of the RAS information between TOPs 

and RCs was inconsistent with respect to the 

information itself and the communication 

medium; e.g., telemetered, phone call. 

To ensure mutual understanding, RCs and 

TOPs should clearly define the information 

needed and the means of communication to be 

used. 

RTCA used inaccurate modeling parameters, 

such as operating limits and generating 

resource reactive capability, and had disabled 

alarming functions for low voltages plus a lack 

of consistency with generator testing 

parameters. 

Entities should examine their quality control 

procedures for the implementation of new 

software or changes to existing software to 

ensure the accuracy of the settings. 

TOP line status was linked to breaker position, 

which masked de-energized lines. 

TOPs should examine their systems to identify 

any single-source data point used to establish 

equipment status and consider adding 

additional sources if feasible; e.g., line status 

from voltage and breaker position.   
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Appendix D — Sequence of Events 

Initial Event 

At the time of the switching for the Aeolus–Clover 525 kV line outage, the following lines were out of 

service: 

• Mustang–Spence 230 kV line 

• Laramie River–Dave Johnson 230 kV line 

• Yellowtail–Sheridan 230 kV line 

• Teckla–Osage 230 kV line  

• Platte–Standpipe 230 kV line 

• Jim Bridger–Mustang 230 kV line 

• Crossover–Yellowtail 230 kV 

• Rapid City DC tie 

These pre-existing outages were accounted for in the RTAs performed by the RCs and PACE. When the 

Aeolus–Clover 500 kV line was removed from service, the voltage at Aeolus dropped to ~0.28 pu. The 

Aeolus–Anticline 500 kV line protection relays tripped on Zone 1. This removed the 500 kV path from 

service. Due to the voltage collapse, over the course of the next 0.3 seconds, the following additional 

lines tripped: 

• Aeolus–Clover 500 kV line 

• Aeolus–Anticline 500 kV line 

• Casper–Riverton 230 kV line 

• Buffalo Head–Badwater 230 kV line 

• Dave Johnston–Goshen 230 kV line 

• Dave Johnston–Amasa 230 kV line 

• Fall River–Stegall 230 kV line 

• Windstar–Shirley Basin 230 kV line 

• Alcova–Miracle Mile (east) 115 kV line 

• Alcova–Miracle Mile (west) 115 kV line 

• Glendo–Whiterock (south) 115 kV line 

• Glendo–Whiterock (north) 115 kV line 

• Alcova–Casper (north) 115 kV line 

• Alcova–Casper (south) 115 kV line 

• Alcova–Copper Mtn 115 kV line 

Because of these additional line trips, an island developed in the Northeast portion of the WI with 

approximately 4,500 MW of on-line generation and 1,000 MW of load. This mismatch resulted in high 
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voltage and high frequency as the generation units’ speed rapidly increased due to the lack of load. Due 

to this mismatch, the island collapsed at 12:43.43, within six seconds of the Aeolus–Clover line being 

removed from service.  

Restoration 

This event affected facilities in two RC areas and five TOP areas. 

After a system event like this, power system restoration depends on the initial condition of the rest of 

the interconnection. The affected TOPs and RCs implement their restoration plans to coordinate the 

recovery process.  

These restoration plans begin with an initial assessment by the RCs and TOPs to determine the extent 

and condition of the affected area(s). Once this assessment is complete, the operators will begin 

restoring their TOP area. Communication and coordination with the RCs and neighboring TOPs at the 

areas where they interconnect is critical to prevent incorrect operations from delaying the restoration 

process. 

Timeline 

RCW, 1243 hrs. — The WI experienced a frequency drop to 59.786 Hz as approximately 3,982 MW of 

generation was removed from the interconnection, and later, at 1256, frequency rose to 60.087 Hz as 

generation responded to the earlier loss of the 500 kV line and generation in Wyoming and Utah. 

SPP, 1248 hrs. — SPP declared a Transmission Emergency for the Wyoming Region and the WACM 

BA/TOP. 

NWMT, 1243 hrs. — MATL RAS A undervoltage/underpower relay operated the orderly shutdown. 

PacifiCorp lost 4,000 MW and NWMT frequency dropped to 59.73 Hz. 

BHE, 1243–1300 hrs. — During its assessment, BHE determined the limits of the outage to be the 

entire northern TOP area (Cheyenne was still on). BHE had open breakers toward its WACM Stegall tie 

point, and breakers were still closed at PACE Windstar on those ties. No other 230 kV line breakers in 

BHE’s internal system had tripped. 

RCW,1245 hrs. —Called PACE and asked whether it “would be able to recover.” PACE did not know at 

that point; it was looking “pretty bad.” RCW requested a call within five to ten minutes and stated it may 

have to shed load. PACE confirmed that it understood. 

PACE, 1246 hrs. — The operator closed Aeolus breakers 11F47 and 11F39, and Anticline breakers 

11C13 and 11C28 to restore the Aeolus–Anticline line. 

TSGT, 1246 hrs. — TSGT Difficulty 230 kV bus voltage reached 266.9 kV, exceeding the High Limit 4 

level. 

PACE, 1247 hrs. — Operator inserted Jim Bridger line reactors to control voltage at Jim Bridger.  

1249 hrs. — Operator closed Standpipe breakers 9D40 and 9D36 to return the Standpipe-Freezeout 230 

kV line. 

http://www.wecc.org


 

NOVEMBER 13  WYOMING DISTURBANCE  41 

<Public> 

WACM, 1249 hrs. — The system operator attempted to close the Copper Mountain 115 kV line breaker, 

but the breaker failed to close. 

PACE, 1250 hrs. — The operator closed Standpipe Reactor for voltage control. 

PACE, 1251 hrs. — The operator attempted to restore Dave Johnston 230/115 kV transformer by 

closing breaker 1H154, but the breaker failed to close. 

1255 hrs. — The operator closed Dave Johnston breaker 1H243 on the Dave Johnston-Goshen 230 kV 

line. Operator closed Aeolus Reactor #4 for voltage control. 

BHE, 1256 to 1301 hrs. — SPP initiated a conference bridge to all SPP customers. They declared a 

transmission emergency for the Wyoming area and frequency due to the loss of gen/load/transmission 

originating in the Casper/DJ area. SPP announced they will initiate a follow-up bridge call including 

RCW and PACE once the system has been returned to secure operations. 

PACE, 1257 hrs. — The operator restored the Dave Johnston-Windstar #2 230 kV line and this line 

tripped out again at Windstar at 1300. The operator also attempted to restore the Windstar #1 230 kV 

line, but the breaker failed to close.  

1259 hrs. — The operator restored the Casper-Dave Johnston 230 kV line, but the line tripped again at 

the Casper terminal at 1300. 

RCW, 1259 hrs. — RCW notified PACE of high system frequency. PACE would try to bring that down as 

quickly as it could, it had “a lot going on.” 

WACM, 1259 hrs. — Requested USBR bring Flaming Gorge Units 1 and 3 on-line in synchronous 

condense mode for voltage support. Unit 2 was online for generation. 

PACE, 1300 hrs. — The operator restored the Casper-Riverton 230 kV line. 

BHE, 1300 hrs. — The entire BHE north system became energized via the PACE Riverton-Casper-Dave 

Johnson-Windstar interconnection. BHE was not contacted before this energization and due to the 

overwhelming number of alarms still in the unacknowledged queue from the initial event, did not 

immediately notice their system had been re-energized. The re-energization resulted in high voltage 

throughout their system due to all BHE transmission intact and no internal generation online with very 

low loads due to UFLS actions during the initial trip. 

BHE started to bring on internal CT generation and loads to help control the high voltage and minimize 

import energy from Windstar. It was unable to make another tie to WACM Stegall due to an excessive 

phase angle of 100 degrees. 

WACM, 1300 hrs. — Operator closed Badwater breaker 1184 to set up for restoring load. This 

energized the Buffalo Head 230 kV line. The line remained energized for only a few seconds before the 

Badwater 230 kV lead bus, transformers KV1A and KV2A, and breakers 1184 and 1384 all tripped. 

1303 hrs. — Badwater breaker 1184 was again closed, energizing the Buffalo Head 230 kV line. This 

was followed by closing breaker 1384, energizing the Badwater 230 kV lead bus, transformers KV1A 

and KV2A, and breaker 1084. 
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PACE, 1302 hrs. — The operator restored the Shirley Basin-Windstar line. This caused a large voltage 

spike requiring the Shirley Basin reactor to be placed in service. An attempt to restore the Shirley 

Basin–Red Lake 230 kV line failed when breaker 1H1411 failed to close at Shirley Basin. Operator 

closed Shirley Basin Reactor for voltage control. 

TGST, 1302 hrs. — TSGT Difficulty 230 kV bus voltage has exceeded 10% of nominal voltage for more 

than 15 minutes, meeting DOE-417 reporting requirements. Report submitted. 

PACE, 1303 hrs. — The operator restored the Dave Johnston–Windstar 230 kV line #2, but the line 

tripped back out a couple of seconds later. 

1307 hrs. — The operator closed breakers at Amasa, restoring the Dave Johnston–Amasa–Heward 

230 kV line. 

1308 hrs. — The operator attempted to close the Casper–Dave Johnston 230 kV line at Casper and the 

Dave Johnston–Windstar 230 kV line at Windstar, but both lines failed to close. 

1309 hrs. — The operator attempted to restore the Dave Johnston 230 kV transformer to service. 

RCW, 1309 hrs. — RCW saw 403 kV on the Aeolus 500 kV bus. While talking, the voltage jumped to 579 

kV. PACE was having trouble restoring lines to service, it did not see lockouts but was unsure why they 

would not go in service. 

PACE, 1314 hrs. — The operator restored the Dave Johnston–Windstar #1 and #2 230 kV lines at 

Windstar and closed the Windstar Lightning Creek terminal breakers. 

1315 hrs. — The operator opened the Casper–Spence 230 kV line at Casper and closed the Casper–

Dave Johnston 230 kV line at Casper, energizing the line. 

PACE, 1316 hrs. — The operator restored the Casper–Latigo 230 kV line by closing the Latigo breakers. 

WACM, 1316 hrs. — The operator opened Spence breakers 582 and 586 and energized the line from 

Buffalo Head at 1317, also allowing the closing of the Buffalo Head 230 kV ring bus. Moving to Goshen 

substation, the operator attempted to close the 230 kV line breaker to Dave Johnson, but the breaker 

failed to close.  

PACE, 1318 hrs. — To help control the voltage, the operator removed the Aeolus–Anticline line, 

removed Bowler Cap bank #2, inserted Aeolus reactor #2, and removed the Aeolus–Shirley Basin #1 

230 kV line. 

PACE, 1323 hrs. — The operator closed the 230 kV breakers, placing the Dave Johnston 230/115 kV 

transformer T1 in service.  

TGST, 1327 hrs. — Difficulty breaker 152 tripped, and CS DY201M tripped to remove the Difficulty T1 

from service due to high voltages. 

PACE, 1328 hrs. — Operator closed Bowler Cap bank #2 for voltage control. 

WACM, 1332 hrs. — Further voltage control actions were taken by inserting shunt capacitors at Basin 

and removing a shunt reactor at Spence. 

NWMT, 1333 hrs. — MATL was restored to service. 
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TGST, At 1339 hrs. — Mobile 11 capacitor was removed from service. 

SPP, 1348 hrs. — SPP issued a Transmission Emergency for the RMR due to a RAS that triggered 

multiple outages. 

PACE, 1348 to 1401 hrs. — The operator restored load at Fort Casper, Community Park, and Red Butte 

(WY). 

RCW, 1349 hrs. — PACE contacted RCW to see whether RCW had been trying to reach PACE. RCW 

notified PACE that it had been contacted by SPP who was wondering whether RCW was coordinating 

with BHE. RCW said it believed BHE was in the dark. PACE reported it would call BHE. PACE also saw 

high voltages that were affecting the lines being closed and having trouble bringing on enough 

generation and load to bring it down. In addition, PACE’s reserves were ramping out and, if needed, it 

said it may need to declare an EEA.  

WACM, 1351 hrs. — The operator opened breaker 762 at Glendo to set the 115 kV main bus up for 

energization then closed breaker 562, energizing the main bus. Once it was energized, the operator 

placed the Glendo–Whiterock North 115 kV line in service.  

While the operator was opening a reactor breaker at Badwater, breakers 1184 and 1384 tripped by relay 

action, de-energizing the Buffalo Head 230 kV line and the 230 kV lead bus, which also tripped 

transformers KV1A and KV2A. 

TGST, 1351 hrs. — Mobile 11 at Wind River capacitor inserted. 

PACE, 1354 hrs. — The operator opened Shirley Basin Reactor for voltage control, Operator closes 

Riverton Cap #2 for voltage control, Operator closes Oregon Basin Cap 1 for voltage control. 

WACM, 1400 hrs. — The operator opened 230 kV breaker 1084 and breakers on the Badwater 69 kV 

bus in preparation for load pickup. Working from the 230 kV system, the operator energized the 230/69 

kV transformers KV1A and KV1B, then closed the 69 kV bus breakers, picking up customer loads. Once 

completed, the operator proceeded to energize the Badwater–Buffalo Head 230 kV line, the Buffalo 

Head–Spence 230 kV line, and the Buffalo Head–Greive Field 230 kV line. 

TSGT, 1404 hrs. — Declared an internal Transmission Alert 1: Serious 

PACE, 1405–1414 hrs. — the operator attempted to close a reactor at Shirly Basin and the 

Synchronous Condenser at Standpipe for voltage control. Both attempts failed. 

RCW, 1405 hrs. — PACE requested RCW submit a preliminary DOE-417. 

TGST, 1406 hrs. — Thermopolis capacitor was removed from service. 

RCW, 1409 hrs. — SPP contacted RCW about setting up an open bridge conference call for discussions 

during restoration. RCW agreed and notified SPP that PACE would coordinate with BHE on getting them 

a hot line to start restoring SPP’s system. 

PACE, 1416 hrs. — The operator picked up load at Refinery. 

RCW, 1416 hrs. — SPP set up an open phone bridge conference call. It discussed having Public Service 

Company of Colorado (PSCO) join the bridge due to issues on its system. BHE reported that it had lost 
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its system again, tripping the NE Wyoming and BHE area. The Cheyenne system was still intact. During 

the call, BHE’s system had again been re-energized, and BHE requested PACE join the call due to PACE 

closing its lines without notification. PACE joined the conference call, but BHE had left the call. SPP 

relayed that BHE was concerned about lines being closed along the PACE-BHE seam without 

notification. 

PACE indicated it was also having restoration problems and a voltage problem. In that whole area, 

PACE had very little load, and none of its generation to bring on without a significant amount of work. 

At that time PACE was trying to figure the extent of the lines that were out, and it had blacked out a 

decent portion of the 230 kV in Wyoming that it was trying to get back. PACE was “not ready to start 

talking to everybody about trying to get this back in yet and [did not] have a full boundary yet.” SPP 

requested PACE join the call once it had a picture of where its boundary was and any attempts to tie 

into the SPP footprint. 

BHE, 1418 hrs. — The BHE area blacked out and became energized again at 1424 via the PACE 

Riverton–Casper–Dave Johnson–Windstar interconnection, again with no contact before energization. 

BHE again worked to control the high voltages and minimize imports. 

WACM, 1418 hrs. — Badwater 230 kV breakers 1184 and 1384 tripped, de-energizing Transformers 

KV1A and KV2A, the Badwater–Buffalo Head, Buffalo Head–Greive Field, and Buffalo Head–Spence 

230 kV lines. The operator opened the Badwater 69 kV bus breakers. When the operator closed breaker 

1384 setting up the Badwater 230 kV bus, 230 kV breakers 1084, 1284, and 1384 tripped by relay 

action, de-energizing the station. During this time, Buffalo Head 230 kV breakers 182 and 386 on the 

Badwater line also tripped by relay action, and Thermopolis breaker 562 tripped, opening the WACM 

Thermopolis–PACE Thermopolis No. 2, 115 kV line. The operator attempted to close the Thermopolis 

breaker, but it failed to close. 

TGST, 1418 hrs. — Mobile-11 at Wind River and Thermopolis capacitors were removed from service. 

PACE, 1419–1424 hrs. — The operator restored the Ekola Flats/Aeolus–Shirley Basin #1 bay at Aeolus 

and placed the Aeolus–Shirley Basin #1 230 kV line in service by closing the Shirley Basin breaker 

1H1431. Breaker 1H1411 had a control failure. Attempts to restore the Thermopolis–Oregon Basin 

230 kV line and the Thermopolis–Riverton 230 kV lines at Thermopolis failed due to control failures. 

The Casper–Riverton 230 kV line was returned to service. 

1426 hrs. — Operator closed Aeolus Reactor #2 for voltage control. 

WACM, 1438 hrs. — The operator worked at Alcova to energize the Alcova–Fremont Canyon 115 kV 

line. 

1440 hrs. — The operator set up the Badwater 230 kV bus by closing 230 kV breaker 1084. 

PACE, 1441 hrs. — The operator opened the Dave Johnston–Stegall 230 kV line at Dave Johnston and 

opened the Standpipe–Platte breakers to prepare to return that line to service from a clearance. 

1436–1451 hrs. — The operator restored load at Community Park and Red Butte (WY) and opened the 

Dave Johnston–Windstar #1 230 kV line. 

1452–1456 hrs. — The operator closed lines to Foote Creek #1 and #2 (breaker 9H766 failed to close). 
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1504 hrs. — The operator restored the Shirley Basin–Red Lake 230 kV line by closing the breaker at 

Shirley Basin. 

RCW, 1505 hrs. — RCW asked whether PACE could join the conference bridge. PACE said it was on and 

would test it. 

PACE, 1514 hrs. — Operator opened Aeolus Reactor #4 for voltage control. 

1522 hrs. — The operator restored the Aeolus–Ekola Flats line by closing breakers at Aeolus and 

restored load at Midwest. 

WACM, 1532 hrs. — The operator worked at Limestone to energize the 34.5 kV main bus and pick up 

loads. 

1557 hrs. — The operator worked at Casper to restore the 115 kV and 69 kV busses and pick up 69 kV 

loads. 

BHE, 1600 hrs. — PACE energized its Aeolis–Dave Johnson area, which provided another source into 

the region. 

PACE, 1609 hrs. — The operator restored the Standpipe–Platte 230 kV line to service. 

1612 to 1615 hrs. — The operator attempted to restore Foote Creek #1 and #2.  

1624 hrs. — The operator restored the Oregon Basin–Thermopolis 230 kV line by closing the breaker at 

Thermopolis. 

1625 hrs. — The operator restored load at Antelope Mine. 

WACM, 1625 hrs. — The operator closed Thermopolis breaker 562, energizing the WACM 

Thermopolis–PACE Thermopolis No. 2 115 kV line and, at 1659, restored the WACM Casper–Glendo 

North 115 kV line to service, tying WACM Casper substation to Glendo substation. 

PACE, 1655 hrs. — The operator opened Dave Johnston 2H12.  

1658 hrs. — The operator restored Shirley Basin–Red Lake 230 kV line by closing breakers at Shirley 

Basin. 

1702 hrs. — The operator restored load at Jackelope. 

TGST, 1717 hrs. — Difficulty CS DY201M closed, and CB 152 closed, restoring Difficulty T1 after 

voltages returned to normal. 

RCW, 1718 hrs. — SPP had a shift change and asked whether standards of conduct had been 

suspended. RCW crew, which had not changed shift, stated they had not. Further discussion 

determined that there was not a need to suspend them at this time. 

PACE, 1727 hrs. — The operator restored the Dave Johnston–Stegall 230 kV line by closing breaker 

1H243 at Dave Johnston and, at 1630, opened breaker 1H243 and closed 1H204 and 1H243 back. 

WACM, 1727 hrs. — The operator closed Goshen 230 kV breaker 282, tying Goshen substation to PACE 

Dave Johnston substation, and closed breaker 382, closing the Goshen 230 kV ring bus. 
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BHE, 1728 hrs. — With enough local CT generation on-line in the Rapid City and Gillette areas, BHE was 

able to get the phase angle low enough at West Hill to be able to tie into the WACM system (West Hill–

Fall River–Bluffs–Stegall). This provided a tie point on the other side of its system besides the existing 

ties only coming from the Windstar/DJ/Casper area. 

BHE continued its load restoration efforts over the next 2 hours. 

PACE, 1734 hrs. — The operator restored the Aeolus–Ekola Flats 230 kV line by closing the breakers at 

Aeolus.  

1742 hrs. — The operator restored load at Thunder Creek. 

1749 to 1807 hrs. — The operator restored  

• The Thermopolis–Badwater 230 kV line by closing the Thermopolis breaker,  

• The Windstar–Lightning Creek 230 kV line by closing the Windstar breakers 

• The Casper–Homa Hills 230 kV line by closing the breakers at both ends 

1810 hrs. — The operator restored load at Evans. 

TGST, 1810 hrs. — Submitted DOE-417 report electronically for Difficulty 230 kV bus exceeding greater 

than or equal to 10% of nominal voltage for more than 15 continuous minutes. 

WACM, 1816 hrs. — The operator restored the Alcova–WACM Casper South 115 kV line, then 

proceeded to close breaker 562, placing the Alcova–Miracle Mile East 115 kV line in service, tying 

Alcova substation to Miracle Mile substation, and closed Alcova breaker 662, placing the Alcova–

Miracle Mile West 115 kV line in service. 

PACE, 1828 hrs. — The operator restored the Dave Johnston–Windstar 230 kV line by closing breakers 

at both ends. 

1840 hrs. — The operator restored load at Yellowcake. 

RCW, 1834 hrs. —Asked PACE to join a call to answer some questions. RCW was not sure of the nature 

of the questions. TSGT was trying to arrange energizing out toward Badwater; PACE recommended 

they talk with WACM but would join call to talk with them. 

WACM, 1936 hrs. — The operator closed breaker 662 at Glendo energizing the Glendo–PACE Casper 

115 kV line, tying Glendo substation to PACE Casper substation. At 1958, the operator closed Casper 

breaker 462 to place the WACM Casper–PACE Casper 115 kV line in service, tying WACM Casper 

substation to PACE Casper substation. 

PACE, 1944 hrs. — The operator restored the Casper–WACM Glendo–Dave Johnston 115 kV line by 

closing the breaker at Casper. 

BHE, 1945 hrs. —Had most loads restored except for some industrial load that would remain off until 

the next day. 

WACM, 1948 hrs. — The operator opened 230 kV breaker 482 at Buffalo Head, setting up the 230 kV 

bus for restoration and, at 1951, opened the Badwater 69 kV breaker 652, setting up the 69 kV bus for 

restoration. 
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PACE, 2003–2006 hrs. — The operator restored the Dave Johnston 115 kV ring bus and the Dave 

Johnston–Bixby 115 kV line by closing the Bixby breaker. 

2020 hrs. — The operator restored load at Fort Sanders. 

2100 hrs. — The operator restored the Thermopolis–Badwater 230 kV line by closing the Thermopolis 

breakers.  

WACM, 2100 to 2105 hrs. — The operator started restoration at Badwater by closing breaker 1384, 

setting up the 230 kV bus for restoration, and proceeded to energize transformers KV1A and KV1B, tie 

the 69 kV ring bus together, pick up load, and close 230 kV breaker 1184, energizing the Badwater–

Buffalo Head 230 kV Line. 

2107 hrs. — The operator closed the Buffalo Head breaker 182 energizing the Buffalo Head–Spence 

230 kV line. 

2109 hrs. — The operator worked at Spence substation to restore the Spence–PACE Casper 230 kV line 

to service, tying Spence substation to PACE Casper substation and placing the Spence–PACE Mustang 

230 kV line in service and tying Spence substation to PACE Mustang substation. 

PACE, 2109 hrs. — The operator restored the Casper–Spence 230 kV line by closing the Casper 

breakers. 

WACM, 2112 to 2128 hrs. — The operator worked to close ring busses at Spence, Badwater, and 

Buffalo Head and closed Buffalo Head breaker 386, energizing the Badwater to Grieve Field 230 kV line. 

PACE, 2128 hrs. — The operator closed Cap #2 at Riverton for voltage control. 

2140 hrs. — The operator restored load at Fort Sanders.  

RCW, 2149 hrs. — Had discussion with PACE. Its studies showed no issues with restoring Aeolus–

Clover line. PACE was tweaking generation levels before moving forward. RCW asked about the RAS 

arming level at the time of the trip. PACE said it would check and provide that level. 

PACE, 2205 hrs. — The operator restored the Standpipe synchronous condenser. 

2232 hrs. — The operator closed Aeolus CB 11G62 on the Aeolus–Clover line. 

RCW, 2305 hrs. — Discussion with PACE about the changes to the operations in the area after the 500 

kV lines were installed. It had extensive 230 kV instructions before these line additions. 
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