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Foreword 
Version 7.0 of the WECC RC SOL Methodology for the Operations Horizon is a 
significant revision that is the product of the SOL Methodology Phase II effort – an 
Interconnection-wide project that sought to significantly improve the planning and 
operations of the Western Interconnection. This revision aims to enhance grid reliability 
by providing for more coordination, clarity, and consistency in the establishment of 
System Operating Limits (SOL) and Interconnection Reliability Operating Limits (IROL) 
in the Western Electricity Coordinating Council (WECC) Reliability Coordinator (RC) 
Area.  

In developing this SOL Methodology, consideration was given to the various North 
American Electric Reliability Corporation (NERC) Reliability Standards and documents, 
and to existing standard operating policies, practices, and criteria developed over many 
years in Western Interconnection to ensure interconnected electric system reliability is 
achieved. Subregional practices within the Interconnection were analyzed with the goal 
of gleaning and retaining the best practices. 

Some of the key reliability enhancements in this revision include: 

• acceptable system performance criteria for Multiple Contingencies; 

• a process for determining Multiple-Contingency credibility throughout the entire 
Operations Horizon; and  

• a process for determining SOLs that qualify as IROLs. 
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Definitions and Terms 
The capitalized terms used in this SOL Methodology shall have meanings set forth in 
Appendix I or, if not set forth therein, shall have meanings given them in the Glossary of 
Terms Used in NERC Reliability Standards.  

A. Purpose 
This document is the WECC RC System Operating Limit (SOL) Methodology for the 
Operations Horizon. The document establishes the methodology to be used in the 
WECC RC Area for determining SOLs and Interconnection Reliability Operating Limits 
(IROL) for use in the Operations Horizon pursuant to North American Electric Reliability 
Corporation (NERC) Reliability Standards FAC-011-2 and FAC-014-2. 

Reliable operation of the Bulk Electric System (BES) in the WECC RC Area requires 
that all Transmission Operators (TOP) and the RC meet the minimum requirements 
stipulated in this SOL Methodology. It is not the intent of this SOL Methodology to limit 
in any way the nature and range of studies and analyses TOPs and the RC may take in 
ensuring acceptable system performance throughout the Operations Horizon. 

The ultimate task of TOPs and the RC is to continually assess and evaluate projected 
system conditions as Real-time approaches with the objective of ensuring acceptable 
system performance in Real-time. Establishing operating limits such as SOLs and 
IROLs, scheduling limits; and ensuring plans, processes, and procedures are developed 
to prevent and to mitigate instances of exceeding SOLs and IROLs are a few of the 
means by which acceptable system performance can be achieved.  

B. Applicability 
This SOL Methodology shall apply to the following entities within the WECC RC Area for 
developing SOLs and IROLs used in the Operations Horizon: 

• Transmission Operators 

• Reliability Coordinator 
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C. Effective Date 
The effective date for this revision of the SOL Methodology is March 3, 2014.  

D. Minimum Acceptable System Performance 
In the WECC RC Area, the BES is expected to be operated such that acceptable 
system performance is being achieved in both the pre- and post-contingency state, 
regardless of the tools TOPs have available.  TOPs may use Real-time tools or rely on 
prior studies, provided that those studies demonstrate acceptable BES performance for 
the current or expected system conditions. 

1. It is not the intent of this SOL Methodology to require more stringent BES 
performance than that stipulated in the prevailing NERC Transmission Planning 
(TPL) Reliability Standards and WECC TPL Criteria and Practices, or to expect the 
BES to perform in any way better than it was designed. 

2. SOLs (including SOLs that qualify as IROLs) shall be established to ensure 
acceptable BES performance throughout the Operations Horizon (including the 
Real-time sub-horizon). If any of the acceptable pre- or post-contingency system 
performance criteria stipulated in this Methodology are not being met, an SOL is 
being exceeded.  

3. Pre-Contingency : Acceptable system performance for the pre-contingency state 
in the Operations Horizon is characterized by the following [NERC Standard FAC-
011-2 R2.1]: 

a. The BES shall demonstrate transient, dynamic and voltage stability. 

b. All Facilities shall be within their continuous Facility Ratings and thermal limits 
(Refer to illustration in Appendix II). 

c. All Facilities shall be within their pre-contingency voltage limits. 

d. All Facilities shall be within their stability limits. 

4. Post-Contingency [SCs]: Acceptable system performance for the post-
contingency state for Single Contingencies (SC) in the Operations Horizon is 
characterized by the following (NERC Standard FAC-011-2 R2.2): 

a. The BES shall demonstrate transient, dynamic and voltage stability. 
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b. All Facilities shall be within their applicable short-term Facility Ratings and 
thermal limits. (Refer to illustration in Appendix II). 

c. All Facilities shall be within their post-contingency voltage limits. 

d. All Facilities shall be within their stability limits. 

e. Cascading or uncontrolled separation shall not occur. 

5. Acceptable System Response [SCs]: In determining the system’s response to 
a Single Contingency, the following actions shall be acceptable [NERC Standard 
FAC-011-2 R2.3]:  

a. Planned or controlled interruption of electric supply to radial customers or some 
local network customers connected to or supplied by the Faulted Facility or by 
the affected area [NERC Standard FAC-011-2 R2.3.1].  

b. Interruption of other network customers [NERC Standard FAC-011-2 R2.3.2]:  

i. Only if the system has already been adjusted, or is being adjusted, 
following at least one prior outage, or  

ii. If the Real-time operating conditions are more adverse than anticipated in 
the corresponding studies.  

c. System reconfiguration through manual or automatic control or protection 
actions [NERC Standard FAC-011-2 R2.3.3].  Adequate time must be allowed 
for manual reconfiguration actions.  

6. Post Contingency [Credible MCs]: Acceptable system performance for the post-
contingency state for Credible Multiple Contingencies (MC) in the WECC RC Area 
is characterized as follows: 

a. In the seasonal sub-horizon, acceptable system performance is generally 
similar to that in the Near-Term Transmission Planning Horizon and is 
characterized by: 

i. The BES shall demonstrate transient, dynamic and voltage stability. 

ii. All Facilities shall be within their applicable short-term Facility Ratings and 
thermal limits (unless this level of BES performance is more stringent than 
Reliability Standard requirements applicable to the Near-Term 
Transmission Planning Horizon). 
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iii. All Facilities shall be within their post-contingency voltage limits (unless 
this level of BES performance is more stringent than Reliability Standard 
requirements applicable to the Near-Term Transmission Planning 
Horizon). 

iv. All Facilities shall be within their stability limits. 

v. Cascading or uncontrolled separation shall not occur. 

b. Due to equipment outages, topology changes and other conditions for which 
the system was not designed, it may not always be possible to meet the same 
level of acceptable system performance in shorter term sub-horizons (i.e., 
Outage Planning, Next-Day, Same-Day, Real-time) as in the seasonal sub-
horizon. When studies indicate that prevailing impacting outages do not allow 
for the same level of system performance as described in item 6 (a) (ii) and (iii) 
above, the TOP shall coordinate with impacted TOPs and establish adequate 
plans, processes, and procedures to contain and mitigate Credible MC impacts.  

7. The BES shall demonstrate acceptable pre- and post-contingency system 
performance throughout the Operations Horizon for the following Contingencies at 
a minimum:  

a. SCs internal to the TOP Area. 

b. Credible MCs internal to the TOP Area. 

c. Any SCs and Credible MCs (as determined by the TOP in whose area the MC 
resides) external to the TOP Area that are known to or may impact the TOP 
Area or system under study.1 

d. Any applicable Regionally Critical MCs as determined by the RC. 

8. Conditions that expose the system to unacceptable BES performance cannot be 
allowed to continue indefinitely. As such, when the system is experiencing 
unacceptable pre- or post-contingency performance, the system must be adjusted 
as soon as practicable to prepare for the next Contingency. 

                                            
1 Due to geographical or electrical distances, it is not always necessary to simulate all contingencies 
external to a TOP Area.  For example, it may not be necessary to simulate Credible MCs in the Pacific 
Southwest when establishing SOLs (including SOLs that qualify as IROLs) in the Pacific Northwest. 
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9. When system studies conducted throughout the Operations Horizon (including 
Real-time Assessments) indicate that any of the acceptable post-contingency 
system performance criteria are not being met, the TOP shall take pre-contingency 
actions to achieve acceptable performance.  These actions may include, at a 
minimum, the following: [NERC Standard FAC-011-2 R2.4]  

a. Commit and redispatch generation. 

b. Make adjustments to the uses of the transmission system (e.g., schedule 
curtailments/adjustments). 

c. Make changes to system topology. 

E. Process for Selecting Applicable Contingencies 
This section describes the WECC RC process for selecting applicable Contingencies for 
use in the Operations Horizon, and determining which of the MCs provided to the 
WECC RC by the Planning Coordinator (PC)2 in accordance with FAC-014-2 R6 are 
applicable for use in the Operations Horizon given the actual or expected system 
conditions. The process addresses the need to modify SOLs, the subset of SOLs that 
qualify as IROLs, and the associated list of MCs. This process satisfies FAC-011-2 R3.2 
and R.3.3.  

Applicable SCs for use in the Operations Horizon 
10. The system shall demonstrate acceptable BES performance throughout the 

Operations Horizon following the SCs identified in (a) through (c) below.3  

a. Single-line-to-ground (SLG) or 3-Phase Fault (whichever is more severe), with 
Normal Clearing, on any Faulted generator, line, transformer, or shunt device. 

b. Loss of any generator, line, transformer, or shunt device without a Fault. 

                                            
2 The term “Planning Authority” was replaced with “Planning Coordinator” in NERC Reliability Functional 

Model, v. 3, 2/13/2007. While several standards have not been revised to reflect the change in 
terminology, this document shall use the term “Planning Coordinator” consistent with the current 
approved NERC Functional Model. NERC Reliability Functional Model, v. 5, 5/12/2010.   

3 The Contingencies identified in items (a) through (c) are the minimum Contingencies that must be 
studied but are not necessarily the only Contingencies that should be studied. 
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c. Single pole block, with Normal Clearing, in a monopolar or bipolar high voltage 
direct current system.  

Applicable MCs for Use in the Operations Horizon 
It is the responsibility of the TOP in whose area the Facilities reside to determine MC 
credibility. 

11. TOPs shall not consider inability to prevent or mitigate adverse impacts of an MC 
as an acceptable reason for changing credibility of the MC at any time in the 
Operations Horizon. 

12. TOPs shall coordinate and agree on the credibility of MCs whose Facilities are 
operated by multiple TOPs. If agreement on MC credibility cannot be reached by 
the TOPs that operate the Facilities, then the MC shall be considered credible by 
all until agreement is reached.  

Applicable MCs for Use in the Seasonal Sub-horizon 
This SOL Methodology is not intended to require that all MCs that were studied in the 
Near-term Transmission Planning Horizon be studied in all sub-horizons within the 
Operations Horizon. Some of these MCs may not be deemed Credible for use in the 
Operations Horizon. 

13. Each TOP must determine which MCs, if any, in its TOP Area are Credible for 
seasonal analysis. To assist in making this determination, the TOP may consult its 
Planning Coordinator (PC), Transmission Owner (TO), Generator Owner (GO), 
Transmission Planner (TP), and the following references: 

a. List of MCs studied by the TP or PC in the Near-Term Transmission Planning 
Horizon. 

b. Category C of ‘Table 1. Transmission System Standards – Normal and 
Emergency Conditions’ in NERC Standard TPL-003-0b. 

c. WECC Regional Differences in NERC Standard FAC-011-2. 

d. WECC System Performance Regional Business Practice TPL-001-WECC-
RBP-2 (for common corridor, margins, and mean time between failures).  

14. Each TOP shall assess whether any of the MCs that have been determined by its 
PC to result in stability limits (provided to the RC per FAC-014-2 R6) are Credible 
and thus applicable for use in the seasonal sub-horizon. The TOP shall modify 
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applicable SOLs (including SOLs that qualify as IROLs) based on the revised list of 
Credible MCs. 

Applicable MCs for Use in the Outage Planning, Next-day, Same-day and 
Real-time Sub-horizons 
While the Methodology introduces levels of flexibility that allow the TOPs to revise the 
list of Credible MCs for their TOP Areas, it must be recognized that the impact of an MC 
often goes beyond an individual TOP Area. Therefore, as much as practicable, when 
TOPs revise the list of Credible MCs, they must allow time for adequate coordination of 
studies that may be necessary to verify acceptable BES performance and establish or 
revise SOLs/IROLs. 

15. Each TOP shall determine which MCs in its TOP Area are Credible for the nearer-
term sub-horizons. MCs deemed Credible and applicable for use in the seasonal 
sub-horizon shall remain Credible and applicable for use in the Outage Planning, 
Next-Day, Same-Day, and Real-time sub-horizons until the rationale for the MC 
credibility is changed, and shared with the impacted TOPs and the RC, and 
documented as per RC instructions. 

16. If a TOP expects that an MC may become Credible in the shorter sub-horizons due 
to, for example, an upcoming fire season, the TOP should communicate such 
information in a timely manner. As much as practicable TOPs should coordinate 
and develop pre-established outage limits (SOLs/IROLs) that can be applied 
should that particular MC become Credible. 

17. If a TOP determines that the list of Credible MCs must be changed, the TOP shall 
immediately notify the RC and all known impacted TOPs per RC Instructions. To 
the extent possible, such changes shall be communicated in time to coordinate the 
required studies, and develop relevant mitigation plans, processes, and 
procedures.4 The TOP shall provide the rationale that describes why any MCs were 
added or dropped from its list of Credible MCs. 

                                            
4 It is recognized that emergency conditions may not always provide for sufficient time to adequately 
coordinate studies, but analysis is always necessary. 
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Regionally Critical MCs 
18. The WECC RC shall determine and communicate to the TOPs any Regionally 

Critical MCs that must be studied and prepared for in the Operations Horizon per 
the WECC RC Instructions. This RC communication shall include at a minimum the 
following:   

a. Rationale used to determine MC regional criticality. 

b. Study requirements and expectations for TOPs.  

c. Acceptable performance criteria for each Regionally Critical MC. 

Other MC Considerations 

Items (19) through (23) below apply to those MCs that have already been deemed 
Credible by the TOP. While these requirements are applicable for the entirety of the 
Operations Horizon, they are not intended to require that these analyses be performed 
in any specific sub-horizon.  

19. When performing studies, it is acceptable to analyze only those Credible 
Contingencies that would produce the more severe system results or impacts.  The 
selection of these Contingencies shall be based on prior or current studies. The 
rationale for the Contingencies selected shall be available as supporting evidence. 

20. Where common tower circuits (i.e., any two adjacent BES circuits on a multiple 
tower) are deemed Credible MCs, the analysis shall include simultaneous loss of 
the two circuits. For stability studies, SLG faults with normal clearing shall be 
analyzed.  

21. Where two Adjacent Transmission Circuits that are both greater than or equal to 
300 kV share a common right-of-way for a total of three miles or more and are 
deemed Credible MCs (excluding – but not limited to – substation entrances, pinch 
points, and river crossings); the analysis shall include simultaneous loss of the two 
adjacent circuits. For stability studies, SLG faults with normal clearing shall be 
analyzed.  

22. Where stuck/failed breaker MCs are deemed Credible, the analysis shall include 
SLG Fault with normal breaker failure clearing.  
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23. Where bipolar DC line Contingencies are deemed Credible, simultaneous 
permanent loss of both poles of a direct current bipolar Facility shall be analyzed. 

Sharing of Credible Contingencies 
24. Each TOP shall publish its full list of Credible Contingencies (SCs5 and MCs) per 

the RC instructions. The TOP shall maintain and update this list to keep it current. 

25. The WECC RC shall share the list of Credible MCs in its RC Area in the secure 
area of WECCRC.ORG website. 

F. Determining SOLs 
In the WECC RC Area, TOPs and the RC are expected to assess projected system 
conditions as necessary as Real-time approaches in order to establish SOLs (including 
SOLs that qualify IROLs), plans, processes, and procedures to meet pre- and post-
contingency acceptable system performance in Real-time operations. 

General 
26. Each TOP in the WECC RC Area shall establish SOLs for its portion of the WECC 

RC Area consistent with provisions of this SOL Methodology. [NERC Standard 
FAC-014-2 R2]. 

27. TOPs shall establish seasonal SOLs (including SOLs that qualify as IROLs) and 
develop plans, processes, and procedures that support operation within the 
established SOLs per the WECC RC Seasonal SOL Coordination Process. 

28. The WECC RC shall ensure that SOLs, including IROLs, are established and are 
consistent with this SOL Methodology. [NERC Standard FAC-014-2 R1]. To this 
end, the WECC RC shall ensure the following: 

a. Facilities in the RC Energy Management System (EMS) model contain Facility 
Ratings as provided by GOs, TOs, and TOPs.  

b. The RC EMS model contains voltage limits as provided by TOPs consistent 
with this SOL Methodology. 

                                            
5 This list is not intended to include all BES SCs – only those that result in the loss of multiple Facilities, 
e.g., based on system configuration. 
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c. Stability limits have been established consistent with this SOL Methodology, 
and the RC System Operators and engineers have awareness of these limits.  

d. When performing Operational Planning Analyses and Real-time Assessments, 
the WECC RC shall follow this SOL Methodology and any additional 
requirements stipulated in RC internal procedures to determine when SOLs 
qualify as IROLs.  

e. The RC shall review SOLs that have been determined by TOPs to qualify as 
IROLs and shall make a final determination whether an identified SOL shall be 
declared an actual IROL. 

f. The WECC RC shall develop, document and maintain a WECC RC Seasonal 
SOL Coordination process and shall facilitate and coordinate the execution of 
this process. 

g. The WECC RC’s Real-time Contingency Analysis (RTCA) application provides 
indication of whether acceptable thermal and voltage system performance 
would be achieved in the post-contingency state for actual system conditions. 
The WECC RC shall post RTCA results in the secure area of the 
WECCRC.ORG site for review by TOPs. If a TOP notices any issues with the 
posted results, the TOP should coordinate with the RC to have those issues 
addressed. 

h. The WECC RC shall regularly publish reports indicating validated instances of 
RC monitored SOL exceedances. 

29. Unless more restrictive limitations are present, SOLs shall equal the applicable 
Facility Ratings, voltage limits, voltage stability limits, transient stability limits, and 
WECC Path Ratings. The most limiting of these shall determine the SOL used in 
real-time operations.  A generator producing more than its nameplate rating is not 
an indicator of SOL exceedance.6  

30. SOLs shall not exceed associated WECC Path Ratings or applicable Facility 
Ratings [NERC Standard FAC-011-2 R1.2].  

                                            
6 Generator nameplate ratings must be respected when performing studies. 
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31. TOPs and the RC shall use anticipated transmission system configuration,7 
generation dispatch, and load levels when establishing SOLs (including SOLs that 
qualify as IROLs) [NERC Standard FAC-011-2 R3.6]. At a minimum, TOPs shall 
establish SOLs based on studies or analyses of reasonably expected maximum 
stressed BES conditions for the sub-horizon under study. 

32. It is the responsibility of the TOPs to determine when it is appropriate to use SOLs 
established in previous studies, or whether expected system conditions warrant 
performing new studies to:  

a. Ensure acceptable BES performance. 

b. Establish or update SOLs (including SOLs that qualify as IROLs). 

c. Develop plans, processes, and procedures necessary to ensure acceptable 
BES performance. 

33. If agreement among impacted TOPs cannot be reached on the value of the SOL, 
the TOPs shall default to the most conservative value for use until the issue is 
resolved. 

34. For any transient or voltage stability SOL that – while not qualifying as an IROL – 
has been identified by the TOP as (a) impacting more than one TOP; or (b) having 
significant impact beyond a localized load pocket within the TOP Area, the TOP in 
conjunction with impacted TOPs shall develop and document agreed upon 
coordinated plans, processes, and procedures to mitigate SOL exceedances within 
a predefined time duration. If the TOPs cannot agree on a predefined time 
duration, then a default 30-minute time duration shall be used. TOPs shall 
coordinate such plans, processes, and procedures with the RC. 

Transient Stability Limits 
35. TOPs shall establish SOLs to prevent unit/intra-area instability, inter-area 

instability, or tripping of critical BES Facilities due to out-of-step conditions. 

                                            
7 It may not be necessary to simulate all prevailing BES outages in the WECC RC Area provided it does 
not impede capturing interactions with the studied Facilities. 
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36. If a TOP determines that specific transient voltage dip or low frequency limit criteria 
(not to be more stringent than the prevailing Planning Criteria) must be met for its 
TOP Area, the TOP shall communicate these per the RC Instructions. Other TOPs 
shall establish SOLs to respect such criteria. 

37. TOPs shall establish SOLs to prevent insufficiently damped system response as 
determined by the impacted TOP and published per the WECC RC instructions. 
These SOLs shall be identified based on undamped and sustained system 
oscillations. Oscillations that do not show positive damping within a 30-second8 
time frame shall be deemed undamped. 

38. To facilitate monitoring, TOPs shall communicate established transient stability 
limited SOLs as pre-Contingent MW flow limits on Transmission Paths/Interfaces 
consisting of single or multiple transmission elements. 

39. TOPs shall communicate transient stability limits and associated documentation 
per the RC instructions. 

Voltage Limits 
40. Each TOP shall establish acceptable pre- and post-contingency voltage limits9 for 

its TOP Area and communicate these per the WECC RC instructions. Operating 
outside established voltage limits shall constitute SOL exceedance. (This 
requirement shall apply to all BES Facilities and any sub-100 kV Facilities that the 
TOP or RC deems critical for BES reliability). 

Steady State (Post Transient) Voltage Stability Limits 
The process for establishing voltage stability limited SOLs in the WECC RC Area 
focuses on two aspects, (a) identifying the voltage stability limit (i.e., the maximum pre-
contingency power transfer or load level for which a post-contingency solution can be 
reached) and applying minimum margins to determine the corresponding voltage 
stability-limited SOL, and (b) ensuring that voltage stability is demonstrated for each 
established Transmission Path/Interface or area load SOL.  

                                            
8 This stipulation is not intended to require that transient stability simulations be run out to 30-seconds all 

the time in order to ensure the system is stable and positively damped. Shorter runs are permissible. 

9 TOPs have flexibility to modify these limits as necessary based on actual or expected conditions.  
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41. TOPs shall stress Transmission Paths/Interfaces or load areas to the reasonably 
expected maximum transfer conditions or area load levels to determine whether 
steady state voltage stability limits exist.10 If this voltage stability limit does not 
qualify as an IROL, the following minimum margins shall be applied to establish 
corresponding SOLs expressed in megawatt: 

a. The Transmission Path/Interface SOL shall be equal to or less than the 
maximum pre-contingency power transfer for which a post-contingency solution 
can be reached less a minimum 5 percent margin for SCs or a minimum 2.5 
percent margin for MCs.  

b. The area load level SOL shall be equal to or less than the maximum pre-
contingency area load for which a post-contingency solution can be reached, 
less a minimum of 5 percent margin for SCs or a minimum 2.5 percent margin 
for MCs. 

42. TOPs shall perform studies to ensure that SOLs for Transmission Paths/Interfaces 
or load areas demonstrate voltage stability with margins as described below: 

a. For Transmission Paths/Interfaces, voltage stability is required with the pre-
contingency path/interface flow modeled at a minimum of 105 percent of the 
path/interface SOL (pre-contingency system conditions) for SCs. For MCs, 
post-transient voltage stability is required with the pre-contingency transfer 
path/interface flow modeled at a minimum of 102.5 percent of the path/interface 
SOL.  

b. For load areas, voltage stability is required for the area modeled at a minimum 
of 105 percent of the reference load level SOL (pre-contingency system 
conditions) for SCs. For MCs, post-transient voltage stability is required with the 
area modeled at a minimum of 102.5 percent of the reference load level. 

43. TOPs shall communicate any identified steady state voltage stability limits and 
associated documentation, or any reactive margin requirements per the RC 
instructions. 

                                            
10 TOPs may select to use analysis methods such as the P-V or V-Q analysis. 
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Thermal Limits 
44. TOPs shall communicate changes to BES and any critical sub-100 kV Facility 

Ratings per the RC instructions. 

45. Facility Ratings or thermal limits used in the Operations Horizon shall be consistent 
with the TO’s and GO’s Facility Rating Methodology.   

46. Where a TOP uses dynamic Facility Ratings or updates thermal Facility Ratings 
based on ambient temperatures, the Facility Rating shall be accompanied by 
corresponding time duration and shall be communicated per the RC Instructions. 

G. Determining SOLs that Qualify as IROLs 
When an IROL is exceeded, the Interconnection has entered into an insecure 
state, i.e., the most limiting Credible or Regionally Critical Contingency could result 
in instability, uncontrolled separation, or Cascading outages which adversely 
impact the reliability of the BES.  

In the WECC RC Area, SOLs that qualify as IROLs shall be established consistent 
with the following requirements: 

General 
47. TOPs and the RC shall identify the subset of SOLs that qualify as IROLs 

consistent with this SOL Methodology. When a TOP identifies an SOL that 
qualifies as an IROL, the TOP shall communicate the results of its analysis with 
impacted TOPs and the WECC RC. The WECC RC shall make the final 
determination whether the identified SOL shall be declared an actual IROL. 

48. SOLs qualify as IROLs when impact containment cannot be demonstrated as 
described in the ‘Impact Containment and IROL Load Impact’ section below or 
when studies indicate that instability, Cascading, or uncontrolled separation may 
occur resulting in uncontrolled interruption of load equal to or greater than 1000 
MW.11 

                                            
11 This threshold may not include radial load pockets as determined by the RC in collaboration with the 
impacted TOPs. 
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49. For each determined IROL, the WECC RC in conjunction with the impacted TOPs, 
shall develop plans, processes, and procedures that identify actions that the RC 
and others shall take (up to and including load shedding) in time to prevent 
exceeding the IROL and to mitigate the magnitude and duration of exceeding that 
IROL such that the IROL is relieved within the IROL’s Tv.  

Impact Containment and IROL Load Impact 
50. When studies in the Operations Horizon indicate pre- or post-contingency 

instances of instability, uncontrolled separation, or Cascading, a potential IROL 
condition is present.  The presence of an SOL that qualifies as an IROL will be 
determined based on (a) whether impact containment is demonstrated and (b) the 
level of load impact.  TOPs and the RC shall consider impact containment to be 
adequately demonstrated when all the following are accomplished:   

a. Impacted area is predefined by studies. 

b. Cascading is restrained from sequentially spreading beyond the impacted area. 

c. If the impacted area has been identified to involve more than one TOP, studies 
have been coordinated and all concerns resolved.  

d. Impacted TOPs have developed and documented agreed upon coordinated 
plans, processes, and procedures to ensure adequate containment within the 
impacted area and have provided this documentation to the RC. 

51. TOPs in coordination with the RC shall identify SOLs that qualify as IROLs when 
studies indicate that instability, Cascading outages, or uncontrolled separation may 
occur resulting in uncontrolled interruption of load equal to or greater than 1000 
MW. This threshold represents an upper bound for load loss regardless of 
demonstrated containment, but excludes load loss due to intended RAS/SPS 
actions. The 1000 megawatt threshold is intended to restrict the applicability of 
IROLs to large-area impacts rather than small-load areas. This requirement is not 
intended to prevent the RC from declaring IROLs for unanticipated operating 
conditions or to preserve the integrity of the Interconnection. 

Determining Transient Stability Limited IROLs in the WECC RC Area 
This section addresses transient stability limited IROLs based on dynamic time domain 
simulations. It is not intended to address small signal stability.  
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52. TOPs and the RC shall identify Transmission Path/Interface SOLs that qualify as 
IROLs to prevent intra-area or inter-area instability or uncontrolled tripping of BES 
Facilities due to out-of-step conditions.12  

53. Where transient simulations show loss of synchronism due to disturbances internal 
or external to the TOP Area, the TOP shall coordinate with the impacted TOPs and 
with the WECC RC to make a determination of whether an IROL exists.  

Determining Steady State (Post-Transient) Voltage Stability Limited IROLs 
54. The maximum pre-contingency megawatt power transfer or area load for which a 

post-contingency solution can be achieved for the limiting (critical) Contingency 
qualifies as an IROL unless impact containment can be demonstrated as described 
in the ‘Impact Containment and IROL Load Impact’ section above and the level of 
uncontrolled load interruption is less than 1000 MW. Applicable operating margins 
shall be addressed in the related IROL plans, processes, and procedures. See the 
illustration below. 

Figure 1: An IROL Example based on P-V Analysis: 

 
                                            
12  When a group of machines in one area separate from a group of machines in another area their 

respective relative rotor angles and frequencies tend to become increasingly out of phase as the 
simulation progresses. Machines in one area will tend to speed up while machines in the other area 
tend to slow down. Line flow plots show large magnitude high frequency oscillations. Large magnitude 
oscillations will also be apparent in the bus voltage magnitude plots. Transmission lines may trip due to 
protection relays triggering on abnormal values of monitored parameters. 
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Determining Thermally Limited IROLs 

Cascading potentially occurs when studies indicate that a Contingency results in severe 
loading on a Facility, triggering a chain reaction of Facility disconnections by relay 
action, equipment failure, or forced immediate manual disconnection of the Facility (for 
example, due to public safety concerns). 

55. TOPs and the RC shall identify the subset of SOLs that qualify as thermally limited 
IROLs when studies indicate post-contingency overloading and subsequent loss of 
BES Facility(ies) resulting in Cascading outages beyond an area pre-determined 
by studies13. The process outlined below shall be followed: 

a. Run Contingency analysis and flag Credible Contingencies that result in post-
contingency loading in excess of the lower of: 

i. The Facility(ies)’s trip setting. 

ii. 125 percent of the highest Facility(ies) Rating.  

b. For each flagged Credible Contingency, open both the contingent element(s) 
that cause(s) the post contingency loading and all consequent Facilities that 
overload in excess of (a) (i) or (ii) above.  Rerun Contingency analysis. 

c. Repeat step (b) for any newly overloaded Facility(ies) in excess of (a) (i) or (ii) 
above. Continue with this process until Cascading stops within a predefined 
area or the solution diverges.14  

d. Evaluate results to identify thermally limited SOLs that qualify as IROLs. 

H. IROL TV in the WECC RC Area 
56. The IROL Tv in the WECC RC Area shall be less than or equal to 30 minutes 

[FAC-011-2 R3.7]. The default IROL Tv value shall be 30-minutes. However, 
shorter duration IROL Tv values may be established in coordination with the 
impacted TOPs based on relay/protection settings and other considerations.   

                                            
13 This condition indicates inadequate impact containment 

14 A divergent solution may indicate presence of a steady state voltage stability IROL. 
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I. Current List of IROLs in WECC RC Area 
57. The WECC RC shall post the current list of predefined IROLs in its RC Area in the 

secure area of WECCRC.ORG website. 

J. System Study Models 
The WECC RC Area covers the entire Western Interconnection and contains several 
intra-regional DC transmission lines. However, the WECC RC Area is not connected 
synchronously with other RC Areas. Interregional DC lines tie the WECC RC to its RC 
neighbors.  

Types of Study Models  

Entities within the WECC RC Area generally use two types of study models for 
establishing SOLs, i.e., EMS models representing Real-time or near Real-time 
conditions, and off-line models based on approved WECC Operating Base Cases. 
Development of these base cases is coordinated by the WECC Regional Entity. The 
cases for each season are approved by the WECC Regional Entity. [NERC Standard 
FAC-011-2 R3.4] 

The WECC RC uses its EMS for system studies and for determining SOLs that qualify 
as IROLs. The WECC RC EMS uses a network model of the entire Western 
Interconnection BES, with the transmission system detailed to the 100 kV level. While 
the model contains some detail for voltages lower than 100 kV, such as lower voltage 
generation models and the sub-100 kV elements identified by the TOPs to impact the 
BES, much of the system at these lower transmission voltages is reduced to a 
mathematical equivalent. Loads served over radial lines are typically lumped at the 
delivery bus. The WECC RC EMS network model consists of transmission lines, 
transformers, circuit breakers and switches, reactive devices, generation units, step-up 
transformers, loads, and other relevant electrical components.  

TOPs use their respective EMS models and approved WECC Operating Base Cases 
(off-line) for system studies and SOL establishment. Though the planning model is not a 
breaker-to-breaker model, it consists of similar information as mentioned above as well 
as additional details and modeling information necessary to perform dynamic and 
transient stability studies.  
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Specific Model Requirements  

58. TOPs and the RC shall use study models (along with any reliability margins 
applied) that include the entire WECC RC Area for establishing SOLs (including 
SOLs that qualify as IROLs) for use in the Operations Horizon. The study model 
must include any critical modeling details from other RC Areas that would impact 
the Facility(ies) under study. [NERC Standard FAC-011-2 R3.1]. It is acceptable to 
use models that equivalence portions of the WECC RC Area’s full loop model, 
provided that doing so does not impede capturing interactions between the TOP 
Area and the external systems or vice versa. 

59. Each TOP shall do due diligence in reviewing and validating its portion of the 
WECC Operating Base Cases for accuracy prior to case approval and prior to 
each operating season. The TOP shall ensure expected conditions, including 
system topology, expected generation and load demand patterns in its TOP Area, 
are accurately represented within each sub-horizon.  

60. TOPs and the RC shall use approved WECC Operating Base Cases as starting 
power system conditions for establishing seasonal SOLs (including SOLs that 
qualify as IROLs) for use in the Operations Horizon.  

61. TOPs shall model parallel sub-100 kV Facilities that are known or are judged by 
the TOP or the RC to potentially have significant impact on the BES system. The 
TOPs shall communicate such Facilities per the RC Instructions. 

Remedial Action Schemes (RAS)/ Special Protection Systems (SPS)  

Operational entities within the WECC RC Area make extensive use of RAS / SPS 
schemes. These RAS/SPS are designed to ensure that grid reliability is maintained 
following a contingency or system disturbance by administering automatic corrective 
actions. These corrective actions are intended to preserve system voltages and 
machine/system stability and to prevent unacceptable Facility loading and prolonged 
under-voltage conditions.  

62. The TOP that includes RAS/SPS in its study shall ensure that the WECC RC is 
provided with a full description of the RAS/SPS scheme as well as all other 
information requested per the RC Data Request. These RAS/SPS schemes shall 
be incorporated into the WECC RC EMS and applicable off-line studies where 
feasible [NERC Standard FAC-011-2 R3.5]. 



WECC Reliability Coordination 

 

System Operating Limits 
Methodology for the Operations 

Horizon 

Version 7.0 
NERC Standards 

FAC-011-2 & FAC-
014-2 

 

Classification: PUBLIC Page 24 of 36 Effective Date: March 3, 2014 
 

63. TOPs shall include RAS/SPS in their off-line and on-line study models where 
feasible. 

64. TOPs and the RC shall consider impact of RAS/SPS actions when verifying 
acceptable performance and establishing SOLs (including SOLs that qualify as 
IROLs). 

K. RC SOL Methodology Document Distribution 
65. The RC shall post an electronic copy of the WECC RC SOL Methodology 

document on the WECCRC.ORG website. The online version of the SOL 
Methodology is the most current and controlled version. Printed copies are 
uncontrolled.   

66. The RC shall issue this SOL Methodology, and any changes to the Methodology, 
prior to the changes taking effect, to the following entities [NERC Standard FAC-
011-2 R4]:  

a. Adjacent Reliability Coordinators and any other Reliability Coordinator who has 
indicated a reliability-related need to have the Methodology (NERC Standard 
FAC-011-2 R4.1).  

b. Each PC and TP that models any portion of the WECC RC Area (NERC 
Standard FAC-011-2 R4.2).  

c. Each TOP that operates in the WECC RC Area (NERC Standard FAC-011-2 
R4.3).  

L. Reviewing, Responding to and Archiving Technical 
Comments 

67. Any of the recipients indicated above may submit technical comments on this SOL 
Methodology via email to rcsolhelp@wecc.biz. WECC RC shall respond to these 
technical comments within 45 calendar days of receipt of the comments. The 
response shall indicate whether this SOL Methodology shall be changed and the 
rationale used in making that determination. If no change is made to the SOL 
Methodology in response to these comments, a reason for this decision shall be 
provided.  

mailto:rcsolhelp@wecc.biz
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M. TOP Communication of SOL Information to WECC RC 
68. This SOL Methodology contains several requirements for TOPs to submit 

information to the RC “per the RC Instructions.”  The RC shall post instructions 
referenced in this SOL Methodology in the secured area of WECCRC.ORG site. 
TOPs shall communicate SOLs to the WECC RC per the RC Instructions. 

69. TOPs shall provide supporting data used for establishing SOLs when requested by 
the WECC RC.  This information may include, but is not limited to, study 
assumptions, input data, related Contingencies, base cases used, reports and 
results. 

70. Consistent with the RC instructions, TOPs shall provide the following SOL 
information: 

a. Applicable limits (such as MVA, MW, MVar, Amperes, Frequency or Volts)  

i. Facility Ratings and thermal limits shall include the magnitude (in MVA or 
Amps) and the corresponding duration in hours/minutes.  

b. The type of limitation represented by the SOL. For example: 

i. Thermal Limit / Facility Rating 

ii. Voltage Limit (steady state) 

iii. Voltage Stability 

iv. Transient Stability 

c. Limiting Contingency(ies), limiting conditions, and monitored Element(s) 
associated with the SOL. 

d. Pertinent prior outage information such as Facility or unit outages. 

e. Any applicable transient or voltage stability SOL mitigation time durations per 
the TOP procedures. 

f. Anticipated time duration of the SOL’s applicability (for example, a certain 
season, a period of weeks/days, a specific set of hours, time duration related to 
a certain Facility outage, or other measure as appropriate).  
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N. SOLs and IROLs Established by PCs and TPs 
71. The WECC RC shall evaluate the list of IROLs provided by PCs and TPs within the 

WECC RC Area pursuant to NERC Reliability Standard FAC-014-2 R3 and R4 and 
determine which of these IROLs are applicable for use in the Operations Horizon.  

72. The WECC RC shall maintain a list of stability limits and associated multiple 
contingencies that are provided by PCs pursuant to NERC Standard FAC-014-2 
R6 and sub-requirements. Section (E) of this SOL Methodology includes a process 
for determining which of these stability limits associated with the list of multiple 
contingencies are applicable for use in the Operations Horizon given actual or 
expected system conditions.  

O. RC Communication of SOLs and IROLs to Other 
Functional Entities 

73. The WECC RC shall provide its SOLs and IROLs to those entities listed below that 
have provided a written request that includes a schedule for delivery of those limits 
[NERC Standard FAC-014-2 R5]. These entities shall include [NERC Standard 
FAC-014-2 R.5.1]: 

a. Adjacent Reliability Coordinators and Reliability Coordinators with a reliability-
related need for those limits. 

b. Transmission Operators within the WECC RC Area. 

c. Transmission Planners within the WECC RC Area. 

d. Transmission Service Providers within the WECC RC Area. 

e. Planning Authorities / Planning Coordinators within the WECC RC Area. 

74. The WECC RC shall provide the following supporting information for each IROL: 

a. Identification and status information of the associated Facility (or group of 
Facilities) that is critical to the derivation of the IROL [NERC Standard FAC-
014-2 R5.1.1].  

b. The value of the IROL and its associated TV [NERC Standard FAC-014-2 
R5.1.2]. 

c. The associated Contingency(ies) [NERC Standard FAC-014-2 R5.1.3]. 
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d. The type of limitation represented by the IROL (e.g., voltage collapse, transient 
stability) [NERC Standard FAC-014-2 R5.1.4]. 

P. Contact Information 
For information about the WECC RC SOL Methodology for the Operations Horizon, or if 
you have any questions, please contact rcsolhelp@wecc.biz. Alternatively, contact the 
following WECC RC operations engineering staff: 

Jaison Tsikirai (primary contact) at (360) 713-9048 or jtsikirai@wecc.biz  

Vic Howell (alternate contact) at (970) 776-5573 or vhowell@wecc.biz 

mailto:rcsolhelp@wecc.biz
mailto:jtsikirai@wecc.biz
mailto:vhowell@wecc.biz
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Version History 
Version Date Action By Change Tracking 

1.0 01/01/2009 Issued for 
implementation 

 Original procedure 

2.0 07/08/2009 Revised  Reformatting 

3.0 10/30/2009 Revised  Multiple Contingency Criteria changes 

4.0 02/04/2010 Revised  WECC RC format. Classification 
changed to external 

5.0 10/27/2011 Revised  Changed classification to “Public” 

6.0 01/23/2012 Revised Vic Howell Major Revision 

• WECC RC SOL Methodology 
Phase I project 

6.1. 04/02/2012 Revised Vic Howell • Changed effective date to 
6/4/2012 

• Corrected typo in BES 
Performance Requirements 
section 

• Minor change in WECC RC 
System and System Models 
section 

7.0 08/30/2013 Revised Jaison Tsikirai Major Revision 

• WECC RC SOL Methodology 
Phase II project 

• Merged the SOL Methodology 
with the “Establish and 
Communicate SOLs” Version 
3.1 procedure 
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Appendix ‘I’: Definitions and Terms 
• Adjacent Transmission Circuits. WECC Glossary defines Adjacent 

Transmission Circuits as “Two transmission circuits with separation between their 
center lines less than 250 feet at the point of separation with no Bulk Electric 
System circuit between them. Transmission circuits that cross, but are otherwise 
separated by 250 feet or more between their centerlines, are not Adjacent 
Transmission Circuits.” 

• Contingency. The Glossary of Terms Used in NERC Reliability Standards 
(NERC Glossary) defines a Contingency as “The unexpected failure or outage of 
a system component, such as a generator, transmission line, circuit breaker, 
switch or other electrical element.”  

• Credible. This SOL Methodology defines Credible as meaning plausible (i.e., 
believable) with a sufficiently high degree of likelihood of occurrence. 

• Fault. The NERC Glossary defines Fault as “An event occurring on an electric 
system such as a short circuit, a broken wire, or an intermittent connection.” 

• Facility. The NERC Glossary defines a Facility as “A set of electrical equipment 
that operates as a single Bulk Electric System Element (e.g., a line, a generator, 
a shunt compensator, transformer, etc.).” 

• Facility Rating. The NERC Glossary defines Facility Rating as “The maximum or 
minimum voltage, current, frequency, or real or reactive power flow through a 
facility that does not violate the applicable equipment rating of any equipment 
comprising the facility.” 

• FERC. The Federal Energy Regulation Commission. 

• Interconnection Reliability Operating Limit (IROL). The NERC Glossary 
defines an IROL as “A System Operating Limit that, if violated could lead to 
instability, uncontrolled separation, or Cascading outages that adversely impact 
the reliability of the Bulk Electric System.” 

• IROL Tv. The NERC Glossary defines an IROL Tv as “The maximum time that an 
Interconnection Reliability Operating Limit can be violated before the risk to the 
interconnection or other Reliability Coordinator Area(s) becomes greater than 
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acceptable. Each Interconnection Reliability Operating Limit’s Tv shall be less 
than or equal to 30 minutes.” 

• Multiple Contingency. This SOL Methodology defines a Multiple Contingency 
(MC) as the simultaneous failure of multiple system Facilities that are either 
physically or electrically linked in response to a single initiating event or common 
mode failure, e.g., common transmission tower failure, common right-of way or 
breaker failure.  

• Near-Term Transmission Planning Horizon. The NERC Glossary defines 
Near-Term Transmission Planning Horizon as “the transmission planning period 
that covers Year One through five.” 

• NERC. The North American Electric Reliability Corporation. 

• Normal Clearing. The NERC Glossary defines Normal Clearing as “A protection 
system operates as designed and fault is cleared in the time normally expected 
with proper functioning of installed protection systems.” 

• Operational Planning Analysis. The NERC Glossary defines Operational 
Planning Analysis as “An analysis of the expected system conditions for the next 
day’s operation. (That analysis may be performed either a day ahead or as much 
as 12 months ahead.) Expected system conditions include things such as load 
forecast(s), generation output levels, and known system constraints 
(transmission facility outages, generator outages, equipment limitations, etc.).” 

• Operations Horizon. This SOL Methodology defines Operations Horizon as a 
rolling 12-month period starting at Real-time (now) through the last hour of the 
twelfth month into the future. The Operations Horizon is subdivided into sub-
horizons that include those shown in Figure 1 below. 

Figure 1: Definition of Operations Horizon 

 

Outage Planning, i.e., a rolling 45-day period 
starting after next-day 

Up to 12-months 
from Real-Time 
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• Real-time. The NERC Glossary defines Real-time as “Present time as opposed 
to future time. (From Interconnection Reliability Operating Limits standard.)”  

• Real-time Assessment. The NERC Glossary defines Real-time Assessment as 
an examination of existing and expected system conditions, conducted by 
collecting and reviewing immediately available data.” 

• Regionally Critical Multiple Contingency. This SOL Methodology defines a 
Regionally Critical Multiple Contingency as one that is determined by the RC to 
have Interconnection-wide impact (including but not limited to Cascading, voltage 
collapse, and instability) and special circumstances that, considered together, 
supersede the determination of credibility by the TOPs. The special 
circumstances include historical performances and practices, system 
disturbances, system analysis, etc. 

• Reliability Coordinator. The NERC Glossary defines Reliability Coordinator as 
“The entity that is the highest level of authority who is responsible for the reliable 
operation of the Bulk Electric System, has the Wide Area view of the Bulk Electric 
System, and has the operating tools, processes and procedures, including the 
authority to prevent or mitigate emergency operating situations in both next-day 
analysis and real-time operations. The Reliability Coordinator has the purview 
that is broad enough to enable the calculation of Interconnection Reliability 
Operating Limits, which may be based on the operating parameters of 
transmission systems beyond any Transmission Operator’s vision.”  

• Reliability Coordinator Area. The NERC Glossary defines Reliability 
Coordinator Area as “The collection of generation, transmission, and loads within 
the boundaries of the Reliability Coordinator. Its boundary coincides with one or 
more Balancing Authority Areas.” 

• Single Contingency.  This SOL Methodology defines a Single Contingency as 
the failure of any single Element or Facility that impacts one or more Facilities as 
determined by prevailing zones of protection. 

• System Operating Limit (SOL). The NERC Glossary defines an SOL as “The 
value (such as MW, MVar, Amperes, Frequency or Volts) that satisfies the most 
limiting of the prescribed operating criteria for a specified system configuration to 
ensure operation within acceptable reliability criteria. System Operating Limits 
are based on certain operating criteria. These include, but are not limited to:  
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o Facility Ratings (Applicable pre- and post-Contingency equipment or 
Facility Ratings)  

o Transient Stability Ratings (Applicable pre- and post-Contingency Stability 
Limits)  

o Voltage Stability Ratings (Applicable pre- and post-Contingency Voltage 
Stability)  

o System Voltage Limits (Applicable pre- and post-Contingency Voltage 
Limits)  

• Transmission Path. This SOL Methodology defines a Transmission Path as any 
defined grouping of BES Facilities that are treated as a monitored power system 
element. Transmission Paths may include for example, paths internal to a TOP 
Area, paths spanning multiple TOP Areas, and paths defined by the list of “Major 
WECC Transfer Paths in the Bulk Electric System” referenced in NERC 
Reliability Standard TOP-007-WECC-1. 

• Year One. The NERC Glossary defines Year One as “The first twelve month 
period that a Planning Coordinator or a Transmission Planner is responsible for 
assessing. For an assessment started in a given calendar year, Year One 
includes the forecasted peak Load period for one of the following two calendar 
years. For example, if a Planning Assessment was started in 2011, then Year 
One includes the forecasted peak Load period for either 2012 or 2013.” 

• Western Interconnection. This SOL Methodology defines Western 
Interconnection as the geographic area containing the synchronously operated 
electric transmission grid in the western part of North America, which includes: in 
the United States of America, all of Arizona, California, Idaho, Nevada, Oregon, 
Utah, and Washington, and parts of Montana, Nebraska, New Mexico, South 
Dakota, Texas, Wyoming, and Colorado; the Canadian Provinces of British 
Columbia and Alberta; and Baja California Norte, Mexico. 
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Appendix ‘II’: Acceptable Thermal Performance Example 

1. Transmission line Facility Rating/Thermal example 

A sample Facility has the following set of Facility Ratings or thermal limits and 
corresponding time durations as provided by the Transmission Owner consistent 
with their Facility Rating Methodology. 

 

 
2. Pre-and Post-Contingency State 
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3. Pre-Contingency State (i.e., actual Real-time operations) 

 

 

4. Post-Contingency State (i.e., where the system is expected to land in 
response to a Single Contingency) 
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5. Pre-Contingency State (i.e., actual Real-time operations) 

 

 

6. Post-Contingency State (i.e., where the system is expected to land in 
response to a Single Contingency) 
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7. Pre-Contingency State (i.e., actual Real-time operations) 

 
 

8. Post-Contingency State (i.e., where the system is expected to land in 
response to a Single Contingency) 
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