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INTRODUCTION 

The Western Area Power Administration - Sierra Nevada Region (WASN) is one of five 
regions in the Western Area Power Administration (WAPA). WASN markets power in 
northern and central California, and portions of Nevada, to wholesale customers and 
Federal end-use customers such as towns, rural electric cooperatives, public utility and 
irrigation districts, Federal, state, and military agencies, Native American tribes, 
investor-owned utilities, power marketers, and U.S. Bureau of Reclamation customers. 
These customers are served by operating and maintaining over 884 miles of 69- to 500-
kV transmission lines. 

NERC Reliability Standards TPL-001 thru TPL-004 govern the requirements for 
planning the interconnected Bulk Electric System (BES) such that the transmission 
system is planned and designed to be reliable. Within these standards, system 
performance requirements are specified for a range of contingencies according to the 
number of elements forced out of service as a result of the contingency. 

The WASN transmission system annual assessment was conducted in accordance with 
North American Electric Reliability Corporation (NERC) Transmission Planning 
Standards.  The assessment covers critical system conditions over a ten year period 
from 2015 through 2024 and is consistent with meeting the requirements of NERC 
Transmission Planning Standards TPL-001 thru TPL-004.  This is an analysis of 
WASN’s transmission system.  It does not include a detailed assessment of load-
serving entities transmission systems connected to WASN.  Critical system conditions 
were modeled and analyzed.  Where potential reliability problems were identified, 
existing or potential mitigation measures were identified to achieve required system 
performance.  Mitigation measures include proposed new transmission projects or other 
solutions such as operating procedures which can include operating nomograms and 
Special Protection Systems (SPS’s).  Technical analysis was conducted to assess the 
continuing need for planned transmission reinforcement projects. 
 
This annual transmission assessment is the basis for WASN maintaining reliable 
transmission service at various demand levels over a range of forecasted system 
demands and within the levels of reliability described within NERC Planning Standards.  
While this assessment is the basis of a ten-year transmission planning horizon for 
maintaining system reliability, emphasis was placed on the 5 and 10 years (2019 and 
2024) of the assessment when assessing voltage and dynamic stability.  Interconnected 
transmission system reliability is addressed and potential performance deficiencies are 
identified and corresponding mitigation measures or projects that resolve these 
problems are proposed.  Analysis out to the year 2024 was conducted to identify 
potential reliability concerns that require longer lead-times associated with significant 
230 kV and 500 kV systems reinforcements. 
 
Specifically, an assessment of WASN’s transmission facilities was performed to identify 
reliability problems (within the years 2015 to 2024) associated with delivering 
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transmission service obligations.  Full compliance with NERC Planning Standards TPL-
001, TPL-002, TPL-003 and TPL-004 was achieved.  For each identified potential 
reliability problem directly associated with WASN’s transmission system and obligations 
to transport power through its transmission system, a mitigation plan has been 
proposed as documented in the Transmission System Assessment Study Results 
section of this report.  As appropriate, alternative mitigation plans will be developed to 
determine the preferred engineering and economical mitigation plan to implement.  
Details of the assessment are contained in this System Assessment and within the 
attachments to this report.  
 
 

OBJECTIVES AND RESPONSIBILITIES 

Per NERC Planning Standards and with the coordination and input from surrounding 
and interconnected utilities, WASN is responsible for performing a transmission system 
assessment and developing a plan to maintain reliability of its transmission facilities 
covering the next 10 years.  WASN performed the following: 
 

 As required, revised power flow base cases obtained from the Western Electricity 
Coordinating Council (WECC) that model a 10 year span of the studies under 
various seasonal conditions; 
 

 Conduct transmission system  studies and benchmark the performance of 
WASN’s transmission facilities; 
 

 Identify potential reliability problems for the 5 and 10-year planning horizons 
based on NERC Transmission Planning Standards and their requirements; and 
 

 Propose mitigation plans to address potential reliability problems for years 2015 
through 2024 

 
The projects proposed in the transmission plan will accomplish the following objectives: 
 

 Comply with NERC Transmission Planning Standards; 
 

 Provide reliable transmission service to entities whose power is transmitted over 
WASN transmission lines; 
 

 Maintain acceptable system voltages and thermal loadings; 
 

 Assess the performance and impact of planned transmission system additions 
and upgrades; 
 

 Support coordinated operation with interconnected and parallel utilities 
transmission systems; and 



2014 WAPA – Sierra Nevada Region Transmission Grid Assessment Report  
  

5 

 

 

 Follow-up on the results of various previous and on-going transmission planning 
studies with verification of the continued need or not and operation dates of 
transmission projects. 

 
 

RELIABILITY STANDARDS 

 
NERC Transmission Planning Standards TPL-001, TPL-002, TPL-003, and TPL-004 
and their requirements will be the basis for establishing completion of this annual 
assessment. The specific performances for these standards are contained in Table 1. 
 
Standard TPL-001-0.1 — System Performance Under Normal (No Contingency) 

Conditions (Category A). TPL -001-0 applies to both near-term 
and longer-term planning horizons. 

 
Standard TPL-002-0b — System Performance Following Loss of a Single Bulk Electric 

System Element (Category B).The Reliability Standard applies 
both to near-term and longer-term planning horizons. 

 
Standard TPL-003-0b — System Performance Following Loss of Two or More Bulk 

Electric System Elements (Category C) 
 
Standard TPL-004-0a — System Performance Following Extreme Events Resulting in 

the Loss of Two or More Bulk Electric System Elements 
(Category D) 
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NERC Transmission Planning Standards 
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STUDY ASSUMPTIONS 

This annual transmission planning process starts with the development of power flow 
base cases that model WASN’s transmission system within Northern California as well 
within the WECC reliability area. 

A. Base Cases Developed for Transmission System Assessment 

 
Power flow base cases for this annual assessment are base cases developed in 
conjunction with PG&E and the California Independent System Operator (CAISO) in 
addition to other neighboring utilities in the WECC Base Case development process.  
The base cases included modeling transmission system and generation power plants 
within the Western Electricity Coordinating Council (WECC) area. 

 
The base cases were developed through review and any required revision by WASN 
and those entities that supply and receive power over WASN’s transmission system as 
well as other utilities within Northern California.  This was accomplished through the 
WECC base case compilation process. Cases obtained from the WECC website include 
associated dynamic modeling data for conducting dynamic stability analysis.  The 
dynamic modeling data includes modeling of generator units within the WECC area as 
well as for various types of electric load.  For the purposes of this assessment study, the 
transmission system configuration has been updated to reflect, according to the 
projected year of operation, new planned transmission system reinforcements expected 
to be approved and be operational. 
 
Historically, maximum power flow through WASN’s transmission system has occurred 
during summer peak load and high hydroelectric power generating conditions when 
predominant power flow through the 500 kV transmission system in California is in a 
North to South direction.  This represents the system state when the WASN 
transmission system is most stressed.  

 
However, there are system conditions that occur during other seasons or load 
conditions that warrant investigation.  These include summer off-peak conditions when 
loads are lower, hydroelectric power is reduced and the direction of predominant power 
flow through the 500 kV transmission system in California can be in a South to North 
direction and winter peak load conditions when loads and hydroelectric power are 
reduced, some thermal units are off-line for annual maintenance and the load pattern 
reflects winter heating demands.   

 
The base cases that were utilized for this annual transmission assessment study and 
evaluation are listed in Table 2. WASN associated transmission projects that are 
planned and scheduled to become operational during the 10 year assessment time 
span are modeled within the base cases, contingency and switching files.  
Reconductoring of the Shasta-Flanagan-Keswick 230 kV line is being planned for 
operation by 2015.  This reconductoring project will allow for the unimpeded full 
operation of Reclamation’s Shasta Hydro Power Plant.  The Cottonwood Jumper 
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replacement project is scheduled to be complete by the end of 2015.  This project will 
increase the ratings of all WASN lines associated with the Cottonwood 230 kV Bus G-
Section.  Also captured in the base cases from 2015 to 2024 is the potential 
disconnection of the Sutter Energy Center Power Plant could be off-line at times when it 
is not economic for the owner to operate. 

 

Table 2:  List of Study Base Cases Derived from WECC Base Cases  

 

  WINTER SPRING SUMMER AUTUMN 

  Light Heavy Light Heavy Light Heavy Light Heavy 

2015 
 

X                       X     

2016   
  

    X     

2017           X     

2018           X     

2019   X   
 

  X     

2020                  X     

2021           X     

2022   X   X          

2023           X     

2024   X   
 

  X     

 
 

B. Electric Demand and Power Factor Assumptions 
 

Base case assumptions for electric demand and power factor represented projected 

summer peak load conditions, where appropriate, as reported by WASN’s planning area 

Load Serving Entities (LSE) consistent with the California Energy Commission’s (CEC) 

Integrated Energy Policy Report (IEPR).  These assumptions include load projections 

for all of Northern California including for public and privately owned electric utilities.   

 

Existing and planned reactive power resources are modeled and put on-line as required 

to ensure that adequate reactive resources are available to meet system performance 

on the WASN system.  Overall electric demand and power factor assumptions for the 

WECC system-wide base cases incorporates a 1-in-5 year adverse weather assumption 

based on ambient temperature.  The load in Northern California and specifically the 

North Valley area (includes the Sacramento Valley Area) incorporates a 1-in-10 year 

adverse weather assumption and corresponding electric load.  Additional information on 
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the electric demand forecast is listed in Table 3 
 

Table 3: Forecasted Load in MW represented in summer peak load power 
flow cases (4) 

    Year 2014 2019 2024 

    SMUD 3285 3463 3801 

City of Redding(3) 327 335 357 

City of Roseville 368 381 405 

MID 756 740 820 

WASN Direct Service(1) 177 162 168 

    Total Northern California 
Area Load (2) 28,386 28,329 29,870 

    (1) Includes the Tracy Pumping Plant, City of Shasta Lake, 

     Lawrence Livermore Lab  

(2) Includes - PG&E, SVP, SMUD, MID, TID, WAPA Direct Svc, 
     LMUD, NCPA, Roseville, Redding, CDWR and Other Muni's 
(3) Redding includes load at Knauf 
(4) Forecasted 1-in-10 year load for the Sacramento Valley was used when 
appropriate.  In several years forecasted load was greater than Load Serving 
Capability load, in which case load was adjusted while monitoring WAPA’s 
Elverta bus voltage. WASN is not an LSE and has no obligation to support the 
load of adjacent Sacramento Valley LSE’s. 
 

C. Import-Export and Major Path Assumptions 
 

The summer peak base cases modeled approximately 4,800 MW flowing north-to-south 
on the California-Oregon Intertie, COI (Path 66).  The flow on the Midway-Vincent 500 
kV lines (Path 26) at Midway Substation varied as necessary to balance loads and 
resources in Northern California.  Additionally, Northern California Hydro conditions 
were modeled at 100% output. 

 

D. Generation Assumptions 
 

Assumptions on existing generation facilities such as capability and output levels were 
developed based on generation dispatch data for Northern California for most base 
cases that would provide the most stressed conditions during heavy summer conditions.  
In recent years Northern California total generation for both hydro and thermal have 
changed greatly and as a result impacts on the COI versus Northern California Hydro 
nomogram have equally changed.  In order to capture impacts and the changing nature 
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of Northern California generation as a whole, 100% Northern California hydroelectric 
generation was assumed in the heavy summer cases.  Although this generation 
dispatch exceeds generation levels of current nomogram generation levels, it captures 
possible concerns in the planning horizon.  These extreme planning conditions will 
highlight possible weak areas in the WASN transmission grid, while capturing the 
changing nature of Northern California generation patterns.  US Bureau of Reclamation 
Central Valley Project hydro generation was modeled at maximum output to provide 
maximum stress to the northern portions of the Western system as well as PG&E hydro 
generation.  
 
The overall generation pattern and level of generation modeled in power flow base 
cases was representative of recent utility information provided for both PG&E and 
WECC seasonal base cases representing peak and off-peak load conditions.  

 
By studying different years and seasons from 2015 to 20124, various generation 
patterns that could influence system reliability were simulated and analyzed. 
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STUDY SCOPE 

The assessment process tested the WASN transmission system against NERC 
Planning Standards TPL-001 thru TPL-004 and their requirements.  The study included 
analyses of contingencies related to the WASN transmission system.  The list of 
contingencies studied to evaluate the system performance is given in the section 
labelled “Contingencies Studied”. This assessment included evaluating the transmission 
grid for the following: 
 

 Thermal Loading and Voltage Limits 

 Voltage Stability – Post Transient Voltage 

 Dynamic and Transient Stability 
 

A. Thermal Loading and Voltage Limits 

 
A thermal loading assessment was performed on all WASN transmission facilities.  This 
analysis examined thermal loadings under normal and contingency conditions.  When a 
WASN transmission facility was determined to exceed its thermal capability normally or 
during contingency conditions, WASN addressed the thermal loading with a mitigation 
plan. 

 
WASN examined system voltages to determine if they stayed within acceptable post 
transient and steady state limits.  As with the thermal loading assessment, the analysis 
included examining base case (normal) conditions and contingency conditions. 
 

B. Voltage Stability – Post Transient Voltage 

 
Voltage stability studies were performed under normal and contingency conditions in 
accordance with the WECC “Guide to WECC/NERC Planning Standards I.D: Voltage 
Support and Reactive Power”.  The voltage stability assessment consisted of an 
assessment of reactive margin under normal and contingency conditions.  When 
analyzing voltage stability, the WECC requires a 5% increase in load for single 
contingencies (Category B) and 2.5% for double contingencies (Category C). 
 
Post-transient voltage analysis was conducted at points where the WASN transmission 
system connects to customer load-serving entities (LSE’s) such as for the Cities of 
Redding (Keswick substation) and Roseville (Elverta substation) as well as 
interconnections to the Sacramento Municipal Utility District (SMUD) (Elverta 
substation), the US Bureau Of Reclamation (USBR) Pumps at Tracy and at 500 kV and 
230 kV connections to Pacific Gas & Electric Company (PG&E) / California Independent 
System Operator (CAISO) transmission system at the Tracy Substations.  
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Historical post-transient studies have shown that the most limiting conditions occur 
under peak load conditions, such as during summer peak load conditions.  The years 
2015, 2019 and 2024 were analyzed.   
 
The Elverta 230 kV bus continues to be an indicator of available reactive support and is 
similar to the Roseville 230 kV bus in that they both interface with a significant amount 
of adjacent LSE load. 
 
Specifically, the following points in WASN’s transmission system were analyzed for 
Category B and C contingencies: 
 

 Keswick 230 kV Substation (Connection to the City of Redding) 

 Elverta (Connection to SMUD) 

 Tracy (Connection to PG&E/CAISO) 
 

C. Transient Stability 

 
The transient stability assessment was conducted in accordance with WECC Stability 
Standards for selected contingency conditions.  The contingencies run included those 
for the various sub-categories within the main reliability categories B, C and D.  The 
scope of these studies was sufficient to establish the existence of any stability 
problems.  The analysis followed the latest transient stability modeling methodology 
recommended by WECC.  The analysis included evaluation of damping and swing 
voltage (amount and duration). 

 
While Table 1, within the NERC Planning Standards TPL-001 thru TPL-004, a 3-phase 
fault was simulated for Category B and C3 contingencies.   A single phase to ground 
fault was simulated for Categories C1, C2 and C6 thru 9.  Transient stability studies 
focused on both the 500 kV transmission system (California/Oregon Transmission 
Project (COTP)) and the 230 kV transmission lines between Olinda, Cottonwood, 
O’Banion, Roseville and Elverta Substations as determined by their location between 
generation resources and load centers as well as being between sub-regional 
generation resources such as Northern California hydro power plants and San 
Francisco Bay Area thermal power plants. 
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TRANSMISSION SYSTEM ASSESSMENT STUDY RESULTS 

Summary 

 
The annual transmission assessment (near-term and long-term) begins with 
establishing study assumptions.  The primary study assumptions are included in power 
flow base cases that are routinely developed through the WECC.  Power flow base 
cases included in this annual assessment, spanning the next ten years, cover various 
seasonal load levels and include projected firm transfers and existing and planned 
facilities.  Based on previous analyses, it is clear that any potential system problems 
would occur and be seen under summer peak load conditions.  To ensure capturing any 
potential reliability problems under other system conditions, summer off-peak and winter 
peak load conditions were also analyzed.  These additional seasonal periods capture 
both high and low load conditions, high and low local area and regional generation 
levels, bi-directional power flow over the 500 kV system running through Northern 
California as well as a different load pattern associated with winter and the use of 
electric area heating.   
 
Based on previous annual transmission assessments and various studies conducted 
during the year that are associated with system operations and transmission and 
generation interconnection requests, not all contingencies for each of the power flow 
base cases are reported on and included in the attachments to the report.  The report 
and attachments to the report do include the analysis illustrating the identification of 
potential reliability problems and how these potential problems may be mitigated in 
conformance with NERC Planning Standards.  Additional power flow, post-transient and 
dynamic stability plots are included in the attachments to demonstrate conformance with 
analyzing various system conditions including seasons of the year, various load levels, 
major transmission path flow levels and direction as well as generation dispatch 
patterns.   
 
The base cases are well coordinated in advance with input, comment and review for 
accuracy from adjacent utilities, balancing authorities, power producers and market 
participants.  This annual assessment includes evaluating steady-state thermal facility 
loadings, voltages, post-transient reactive margin and dynamic stability.  Assessment 
results are compared with previous years study results.  This assessment includes 
planned transmission reinforcement projects.  If necessary, additional analysis is 
performed to confirm any unexpected study results.  As required to mitigate any 
reliability problems discovered, proposed measures were identified with their proposed 
operation date.  The lead time required to implement the proposed mitigation measures 
is considered and sufficient lead time was established to meet the required operational 
date.  The assumptions for this annual assessment were documented in a study plan 
(Attachment 2).  With the power flow cases listed in Table 2 and transmission system 
contingencies considered in this annual transmission assessment, more than 100,000 
files were generated from the power flow thermal and voltage analysis, post-transient 
reactive support analysis, and dynamic stability analysis.  This report includes samples 
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of the results that typify the overall results of the assessment.  The samples of study 
results plotted and included in this report are based on current results and the results of 
previous annual transmission assessments and the potential impacts of new 
transmission projects and changes in generation resources.  The results reported and 
included in the attachments to this report are deemed sufficient to illustrate the overall 
state of reliability within the WASN transmission system.  Additional plotted assessment 
results are available upon request. 
 
While it is shown in the analysis that there are some potential TPL-002, TPL-003 and 
TPL-004 reliability problems during summer peak load conditions, none were found 
under summer off-peak, autumn off-peak, or winter peak load conditions. Summary of 
potential reliability problems identified in are given as follows: 
 
(a) Under normal system conditions, with maximum Shasta generation and the 
Shasta 230 kV bus configured as a double-bus double-breaker arrangement, the 
Shasta-Flanagan 230 kV line loads beyond its normal thermal rating in 2014 and 
beyond due to some  Category A, B, and C contingencies.  A project is in progress to 
reconductor the 230 kV line from Shasta to Flanagan to Keswick to mitigate potentially 
overloading these lines.  This project is due to be in operation by the end of 2015.   
 
With the Shasta 230 kV bus connected in a single bus arrangement, an outage of the 
Keswick-O’Banion and Keswick-Olinda 230 kV lines can cause the Keswick - Airport 
and Airport - Cottonwood 230 kV lines to load above their emergency ratings.   With 
the Shasta bus configured in a split-bus arrangement, only the Keswick - Airport line 
will load above its emergency rating. Reliability is presently maintained through 
operating nomograms developed within Daily Operating Studies that are utilized in 
real-time operations.  These studies are conducted to conform, in part, with WASN OP-
53 (Planned Outage Coordination).The study findings define real-time operating limits 
with and without planned or forced outages of WASN transmission system facilities.   
As system limitations are recognized and change, WASN Operating Procedure OP-17 
is updated.  WASN OP-17 also covers the outage of one transmissionline over-lapping 
with the outage of the other line. Reconductoring thess lines from Keswick to Airport 
and to Cottonwood Sub has been recommended and approved. This project is due to 
be in operation by 2017. This mitigation proposal is identified with meeting Category C 
NERC Planning Standard TPL-003. 

 
System studies show that during an outage of one of the Cottonwood – Olinda 230-kV 
transmission lines, the level of Northern California hydro generation in addition to 
generation from a new combined-cycle power plant (Colusa) could load the remaining 
Cottonwood-Olinda 230 kV line above its emergency rating upon an outage of the 
Captain Jack – Olinda 500-kV line or the loss of the Keswick – O’Banion and Keswick – 
Olinda credible double line outage or upon a stuck breaker condition that would result in 
the same double line outage condition as well as the loss of the Keswick south bus.  
WASN along with collaboration from the CAISO, SMUD and PG&E have implemented 
Operating Procedure OP-17D for presently mitigating to these loading issues.  
Reconductoring both Cottonwood-Olinda #1 and #2 230 kV lines has been 
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recommended and approved.  This project is due to be in operation by 2017.   This 
potential over-lapping outage is associated with TPL-003. 
 
(b) With the Sutter Energy Center off-line, one of the Tracy-Hurley 230 kV lines 
could overload due certain category B, C, and D contingencies.  The Sacramento Area 
is operated within a nomogram that has at times been defined by this outage and is 
documented in annual Sacramento Valley Study Group reports.  Reconductoring TRY-
HUR #1 and #2 lines are not currently scheduled, however it is under review.   
 

(c) An overlapping outage of the O’Banion-Elverta #1, #2 and #3 230 kV lines can 
cause the SMUD Natomas-Hurley 230 kV line to load above its summer emergency 
rating by 153% during 2014 summer peak load conditions with the Sutter Energy 
Center on-line.  The O’Banion – Elverta #1 and #2 lines run on double circuit towers 
and are considered a credible double line outage and are studied as such in this 
assessment as well as in operational studies.  An operating procedure (WASN OP-
57B) is in place to limit the Sutter Power Plant (directly connected to the O’Banion 230 
kV Sub) generation upon the first part of this over-lapping outage occurring and 
therefore prevent loading the Hurley-Natomas 230 kV line above its emergency rating 
upon the next outage occurring.  A Special Protection System to detect the overload 
along with the outages is being defined and will be put in place if it is determined it is 
needed in addition to or in place of the operating procedure.  This over-lapping 
Category D outage is associated with TPL-004.   

 
(d) One combination of outages (over-lapping outages of the Keswick-Olinda, 
Keswick-O’Banion, Keswick-Airport and Keswick Flanagan 230 kV lines) at the 
Keswick substation can cause a number of 115 kV transmission lines connected to 
Keswick Substation to overload as well as causing the Keswick 230/115 kV 
transformer banks to overload.  This outage can occur during maintenance conditions 
when part of the over-lapping outage is already out.  WASN Operating Procedure OP-
57 outlines the procedure for reducing hydro generation at Keswick, J.F.Carr and 
Spring Creek Power Plants to prevent and or relieve overloads upon an outage of one 
of these lines.  WASN is pursuing a switching procedure to mitigate any overloads.  
WASN Operating Procedure OP-57 also outlines mitigation for other category D 
outages. 

 
(e) With the Shasta bus in the double bus double breaker arrangement, a Shasta – 
Cottonwood #1 and #2 double line outage can cause the normal overload of the 
Keswick – Olinda line to approach its emergency rating (99%).  This condition is 
mitigated in real-time and day ahead studies, additionally the limiting element on this 
line is shown to be a disconnect switch.  Mitigation in the form of replacing the 
disconnect switch has been approved and is planned to be done during a normal 
maintenance outage in 2015. This over-lapping Category C outage is associated with 
TPL-003. 

 
(f) Associated with the Keswick 230 kV substation are potential reliability problems 
due to some Category D contingencies (line out for maintenance or forced out) 
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overlapping with a combination of line outages associated with stuck breaker 
conditions at Keswick 230 kV Sub.  This can result in line loading exceeding 
emergency ratings. These potential reliability problems are mitigated in real-time and 
day ahead studies which institute a reduction in Northern Central Valley Project 
generation output when required.  When these conditions arise WASN coordinates with 
the City of Redding to notify them of issues related to their transmission system.   

 
(g) With all lines in service and the loss of the Sutter Energy Center, a Tracy-Hurley 
#1 and #2 double line outage or a stuck breaker condition that would also result in the 
Tracy-Hurley #1 and #2 double line outage, can cause the emergency rating of the 
PG&E Tesla-Weber 230-kV line to be exceeded. This potential overload condition is 
mitigated in real-time or day ahead studies in coordination with SMUD which institute 
generation re-dispatch in the SMUD area.  This over-lapping Category D outage is 
associated with TPL-004. 

 
(h) An outage of one of two Tracy 500/230 kV transformer banks over-lapping with 
an outage of the Tracy-Tesla 500 kV line can cause the remaining Tracy 500/230 kV 
transformer bank to load above its summer normal rating and in most cases below its 
emergency rating.  Mitigation for this over-lapping forced outage is addressed in real-
time operations in conjunction with California Independent System Operator (CAISO) 
where generation is re-dispatched and 500 kV flow schedules are modified as required. 
This over-lapping Category C outage is associated with TPL-003. 

 
Post-transient and steady-state outage studies in this current WASN annual 
transmission assessment continue to show that maintaining reliable and sufficient 
import capability into the Sacramento Area is dependent on Sacramento Area load 
serving entities continuing efforts to install sufficient reactive voltage support as their 
load grows. Studies show that there may be insufficient voltage support in the five and 
ten-year (2019 and 2024) power flow cases for two Category D outages (either the 
Sutter Power Plant off line over-lapping with an outage either of the Tracy-Hurley 230 
kV lines #1 & #2 or the Bellota-Rancho Seco #1 & #2 230 kV lines).  These lines are 
used to import power into the Sacramento Area.  These study results are consistent 
with the seasonal Sacramento Valley Study Group (SVSG) analysis which determines 
import capability limits into the Sacramento Area and where operating nomograms are 
developed to maintain reliability.  This is associated with meeting NERC Planning 
Standard TPL-004.  This report is distributed to neighboring utilities and those SVSG 
member utilities so that they can continue to monitor these potential reliability problems 
and continue to mitigate for them .Mitigation is a coordinated effort with WASN.  The 
estimated lead time to install reactive voltage support is 3-5 years, so future WASN 
annual transmission assessments will continue to monitor this potential condition.   
 

All dynamic stability simulations were stable and damped.  All post-transient simulations 
showed margin beyond the operation point and included increasing load by 5% and 
2.5% for single and multiple contingencies.  
 
In addition to the various plots included in the body of the report and the attachments to 
this report, additional plots are in WASN computers and available upon request. 
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A. Category A (NERC Planning Standard TPL - 001):  All Facilities in Service, 
(N-0) 

 

WASN’s transmission system has been planned such that, with “All Transmission 
Facilities in Service” and with normal (pre-contingency) operating procedures in effect 
(WASN OP-17, OP-50, OP-57 and OP-59), the Network can be operated to supply 
projected customer demands and projected Firm (non - recallable reserved) 
Transmission Services at all demand levels over the range of forecasted system 
demands, under the conditions defined in Category A of Table 1 within the TPL - 001 
NERC Planning Standard. The system assessment done to evaluate the steady state, 
post-transient, and dynamic stability requirements are as follows: 
 

A.1  Steady State Evaluation 

While an operational nomogram is created by Northern California utilities in coordination 
with Northwest utilities and operated to by the California Independent System Operator 
to account for simultaneous COI and Northern California hydro generation levels, this 
nomogram does not account for levels of Shasta generation up to its maximum of 142 
MW per unit and 710 MW for the entire plant consisting of 5 generator units.  Under 
normal system conditions, with maximum Shasta generation and the Shasta 230 kV bus 
configured as a double-bus double-breaker arrangement, the Shasta-Flanagan 230 kV 
line loads beyond its normal thermal rating in 2015 and beyond under certain Trinity 
River Division generation patterns and COI flow.  The output of Shasta generation is 
dispatched such that no overloads occur with all lines in service or during contingency 
conditions. A project has been proposed to reconductor the 230 kV line from Shasta to 
Flanagan to Keswick to mitigate potentially overloading these lines.  This project is due 
to be in operation by 2015 summer.  This project is identified with meeting Category A 
NERC Planning Standards TPL-001.  Figures 3-1a and 3-1b show the Shasta-Flanagan 
power flow pre and post line reconductoring. 
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Figure 3-1a: Shasta – Flanaga - Keswick 230 kV Line Overload Pre-Reconductoring 

 

 

 
Figure 3-1b: Shasta – Flanagan-Keswick 230 kV Line No Overload Post Reconductoring 
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A.2  Post-Transient Evaluation 

As verification for meeting the requirements of NERC Planning Standard TPL-001, the 
projected state of WASN’s transmission system is shown by power flow, post-transient 
and dynamic stability plots. The post-transient plots are shown in Figures 3-2 as follows: 
Figures 3-2a to 3-2d represent the results for the 2015 Heavy Summer system loading 
condition and Figures 3-2e to 3-2h represent the results for the 2015 Heavy Winter 
system loading condition.   
 

 
 

Figure 3-2a: Elverta 230 kV Bus Reactive Power Requirement 

 
 

 
 

Figure 3-2b:Tracy 230 kV Bus Reactive Power Requirement 
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Figure 3-2c: Olinda 230 kV Bus Reactive Power Requirement 

 
 
 
 

 
 
 

Figure 3-2d: Tracy 500 kV Bus Reactive Power Requirement 
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Figure 3-2e: Elverta 230 kV Bus Reactive Power Requirement 

 
 
 

 
 
 

Figure 3-2f: Tracy 230 kV Bus Reactive Power Requirement 
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Figure 3-2g: Olinda 230 kV Bus Reactive Power Requirement 

 
 
 
 

 
 

Figure 3-2h: Tracy 500 kV Bus Reactive Power Requirement 

 

A.3 Dynamic Stability Evaluation 

The dynamic stability plots are shown in Figures 3-3 as follows: Figures 3-3a to 3-3e 
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represent the results for the 2015 Heavy Summer system loading condition and Figures 
3-3f to 3-3j represent the results for the 2015 Heavy Winter system loading condition.   
 

 
Figure 3-3a: Heavy Summer Generator Rotor Angle with No Fault 
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Figure 3-3b: Heavy Summer Generator Bus Voltage with No Fault 
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Figure 3-3c: Heavy Summer Generator Bus Frequency with No Fault 
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Figure 3-3d: Heavy Summer, Load Bus Voltage with No Fault 
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Figure 3-3e: Heavy Summer, Load Bus Frequency No Fault 
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Figure 3-3f: Heavy Winter, Generator Rotor Angle No Fault 
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Figure 3-3g: Heavy Winter, Generator Bus Voltage No Fault 

 
 



2014 WAPA – Sierra Nevada Region Transmission Grid Assessment Report  
  

31 

 

 
 

Figure 3-3h: Heavy Winter, Generator Bus Frequency No Fault 
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Figure 3-3i: Heavy Winter, Load Bus Voltage No Fault 
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Figure 3-3j: Heavy Winter, Load Bus Frequency No Fault 
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As verification for meeting the requirements of NERC Planning Standard TPL-001, the 
projected state of WASN’s transmission system is shown by power flow, post-transient 
and dynamic stability plots. Post-transient and dynamic stability plots are shown in 
Figures 3-2 and 3-3 of this report.  For the power flow base cases listed in Table 1, no 
thermal or voltage problems associated with WASN transmission facilities were found 
except for the loading on the Shasta-Flanagan 230 kV line as related to the level of 
Shasta generation.  The power flow plots illustrate the MW and percent loading on 
WASN transmission facilities as well as bus voltages as shown in Figures 3-1a and 3-
1b.   
 
The available MVAr margin and the dynamic stability plots show stable system 
performance.  Therefore, with no unmitigated reliability problems found, no mitigation 
measures beyond reconductoring of the Shasta-Flanagan 230 kV line are required. 
 
This steady-state thermal and voltage analysis were conducted on the 10 years of 
power flow cases listed in Table 1.  Post-transient analysis was conducted on the 1 year 
(2015), 5 year (2019) and 10 year (2024) base cases.  They demonstrate compliance 
with NERC Planning Standard TPL-001 over a 10 year future period.  While post-
transient simulations were run on other seasonal load conditions as well as on the 
WECC cases, the peak summer load cases have been found in historical studies to be 
the most limiting.  Dynamic stability results are shown not just for summer peak load 
conditions, but also for other seasonal load conditions as stability can be impacted 
when load is less during off-peak conditions.  The dynamic modeling data was not 
modified and was as downloaded from the Western Electricity Coordinating Council web 
site. Other post-transient and dynamic stability results not shown are stored in WASN 
computer and are available upon request. 
 
 

B. Category B (NERC Planning Standard TPL - 002):  Single Element Outage, 
(N-1) 

 
This section provides the results of steady-state, post-transient and Transient Stability 
analysis for NERC Category B contingencies per NERC Planning Standard TPL - 002.  
The system assessment done to evaluate the steady state, post-transient, and dynamic 
stability requirements are as follows: 
 

B.1  Steady State Evaluation 

An outage of one of the Shasta-Cottonwood #1 or #2 230 kV lines can cause the 
Shasta-Flanagan 230 kV line to load above its summer emergency rating.  To date, 
reduction of the loading on these lines has been accomplished by operating the Shasta 
230 kV bus in a split-bus configuration and therefore one Shasta unit is radial to 
Flanagan and two units were radial to Cottonwood on each of the 230 kV lines from 
Shasta.  Reliability continues to be maintained through WASN Operating Procedures 
OP-17 (Contingency Procedure) and OP-59 (Shasta Split Bus Interim Operating 
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Procedure).  Although the Shasta 230 kV bus was recently built to a double-bus, 
double-circuit breaker configuration, it continues to be operated in a split-bus 
configuration.  A Special Protection System (SPS) is installed that will drop or reduce 
Shasta generation upon an outage. However, it is not active because the Shasta 230 kV 
bus is still operated in the split bus configuration.  For the outage of one Shasta-
Cottonwood 230 kV lines, reducing Shasta generation will mitigate an emergency 
overload of the Shasta-Flanagan 230 kV line.  A project has been proposed to 
reconductor the 230 kV line from Shasta to Flanagan to Keswick to mitigate potentially 
overloading these lines.  This project is due to be in operation by 2015 summer. This 
project is identified with meeting Category B NERC Planning Standards TPL-002.  
Figures 4-1a and 4-1b show line loading pre and post line reconductoring. 
 
 
 
 
 

 
Figure 4-1a: Heavy Summer, Overload of SH-FLN-KE 230 kV Line; 

Due to Outage of SH-CW #1 or # 2 
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Figure 4-1b: Heavy Summer, SH-FLN-KE 230 kV Line;  

No Overload After Reconductoring 

 
With the Shasta 230 kV bus configured as a double-bus double-breaker arrangement, 
an outage of the Shasta-Flanagan 230 kV line can cause the Shasta-Cottonwood #1 
and #2 230 kV lines to load above their summer normal, but not the summer emergency 
ratings.  The lines are presently limited by the line jumpers connecting into Cottonwood 
230 kV Sub.  Coordination with PG&E has been initiated to have the jumpers replaced 
such that the rating on these lines will be raised to the higher conductor ratings.  This is 
expected to happen by the end of 2015.  With the jumpers replaced, the lines would 
load to near, but below their normal ratings upon the outage.  In the interim, reliability is 
maintained through WASN OP-64 (Operations Facility Ratings) and WASN OP-17 
(Contingency Procedure).  This project is identified with meeting NERC Planning 
Standards TPL-002.  Figures 4-1c 
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Figure 4-1c: Heavy Summer, Overload of SH-CW 230 kV Line 

Due to Outage of SH-FLN 230 kV Line 

 

B.2  Post-Transient Evaluation 

The study results demonstrate that no post-transient problems were discovered other 
than noted above and that reactive margin exists when the Northern California load was 
increased by 5% for a single contingency per WECC reactive margin requirements (see 
Figures 4-2 and 4-3), which show MVAR margin for the Shasta-Cottonwood single line 
outage and the Shasta-Flanagan single line outage.  Although post-transient analysis 
was conducted for peak as well as off-peak and for winter seasonal load conditions, 
previous analysis of the WASN transmission system has shown that the most limiting 
reactive support conditions occur during summer peak load conditions. 
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Figure 4.2a: Elverta 230 kV Bus Reactive Power Requirement 

 

 

 

 
 

Figure 4-2b: Tracy 230 kV Bus Reactive Power Requirement 
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Figure 4 -2c: Olinda 230 kV Bus Reactive Power Requirement 

 
 

 

Figure 4-2d: Tracy 500 kV Bus Reactive Power Requirement 
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Figure 4-3a: Elverta 230 kV Bus Reactive Power Requirement 

 
 

 

Figure 4-3b: Tracy 230 kV Bus Reactive Power Requirement 
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Figure 4-3c: Olinda 230 kV Bus Reactive Power Requirement 

 
 

 

Figure 4-3d: Tracy 500 kV Bus Reactive Power Requirement 
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B.3  Dynamic Stability Evaluation 

The study results demonstrate that no dynamic stability problems were discovered and 
that simulations were damped for these two Category B conditions (see Figures 4-4 and 
4-5) which show stability plots for the Shasta-Cottonwood single line fault and the 
Shasta-Flanagan single line fault.  In some stability plots, it can be seen where some 
generator units appear to be out of sync, this is due to the generator units being 
dropped as part of the switching scheme. 
 

 

Figure 4-4a: 2015 Heavy Summer, Gen Rotor Angle (Fault on SH-CW 230 kV Line) 
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Figure 4-4b: 2015 Heavy Summer, Gen Bus Voltage (Fault on SH-CW 230 kV Line) 
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Figure 4-4c: 2015 Heavy Summer, Gen Bus Frequency (Fault on SH-CW 230 kV Line) 
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Figure 4-4d: 2015 Heavy Summer Load Bus Voltage (Fault on SH-CW 230 kV Line) 
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Figure 4-4e: 2015 Heavy Summer Load Bus Frequency (Fault on SH-CW 230 kV Line) 

 
 



2014 WAPA – Sierra Nevada Region Transmission Grid Assessment Report  
  

47 

 

 
 

Figure 4-5a: 2015 Heavy Summer Generator Rotor Angle (Fault on SH-FLN 230 kV Line) 
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Figure 4-5b: 2015 Heavy Summer Generator Bus Voltage (Fault SH-FLN 230 kV Line) 
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Figure 4-5c: 2015 Heavy Summer, Gen Bus Frequency (Fault on SH-FLN 230 kV Line) 
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Figure 4-5d: 2015 Heavy Summer, Load Bus Voltage (Fault on SH-FLN 230 kV Line) 
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Figure 4-5e: 2015 Heavy Summer Load Bus Frequency (Fault on SH-FLN 230 kV Line) 
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As verification for meeting the requirements of NERC Planning Standard TPL-002, the 
projected state of WASN’s transmission system is shown by power flow, post-transient 
and dynamic stability plots.  
 
The study results demonstrate that no post-transient problems were discovered other 
than noted above and that reactive margin exists when the Northern California load was 
increased by 5% for a single contingency per WECC reactive margin requirements 
(Figures 4-2 and 4-3), which show MVAR margin for the Shasta-Cottonwood single line 
outage and the Shasta-Flanagan single line outage.  Although post-transient analysis 
was conducted for peak as well as off-peak and for winter seasonal load conditions, 
previous analysis of the WASN transmission system has shown that the most limiting 
reactive support conditions occur during summer peak load conditions 
 
The study results demonstrate that no dynamic stability problems were discovered and 
that simulations were damped for these two Category B conditions (see, Figures 4-4 
and 4-5), which show stability plots for the Shasta-Cottonwood single line outage and 
the Shasta-Flanagan single line outage.  In some stability plots, it can be seen where 
some generator units appear to become un-synchronized, this is due to the generator 
units being dropped as part of the switching scheme. 
 
The contingency analysis plots contained in the Figures in 4-4 and 4-5 are samples of 
the contingency studies conducted, but cover critical points within the WASN 
transmission system.  As can be seen in the list of contingencies, many more 
contingencies were analyzed and there results were consistent with what is reported 
here.  Plots for those contingencies are stored in WASN computers and are available 
upon request. 
 
This steady-state thermal and voltage analysis was conducted on the power flow cases 
listed in Table 1 on page 10 in this report.  Post-transient and stability analysis were 
conducted on the 1 year (2014), 5 year (2019) and 10 year (2024) base cases listed in 
Table 1 on page 10.  They demonstrate compliance with NERC Planning Standard TPL 
- 002 over a 10 year future period. 
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C. Category C (NERC Planning Standard TPL - 003): Double Element Outages, 
(N-2) 

 
This section provides the results of steady-state, post-transient and Transient Stability 
analysis for NERC Category B contingencies per NERC Planning Standard TPL - 003.   
 

C.1 Steady State Evaluation 

C.1.1 Outage of Shasta-Cottonwood #1 & #2 230 kV Lines 

An outage of both the Shasta-Cottonwood #1 and #2 230 kV lines can cause the 
Shasta-Flanagan and Flanagan-Keswick 230 kV lines to load above their summer 
emergency ratings.  To date, reduction of the loading on these lines has been 
accomplished by operating the Shasta 230 kV bus in a split-bus configuration and 
therefore one Shasta unit is radial to Flanagan and two units are radial to Cottonwood 
on each of the 230 kV lines from Shasta.  Reliability continues to be maintained through 
WASN Operating Procedures OP-17 (Contingency Procedure) and OP-59 (Shasta Split 
Bus Interim Operating Procedure).   
 
Although the Shasta 230 kV bus was recently built to a double-bus, double-circuit 
breaker configuration, it continues to be operated in a split-bus configuration.  A Special 
Protection System (SPS) is installed that will drop or reduce Shasta generation upon an 
outage, but is currently not armed.  For the outage of both Shasta-Cottonwood 230 kV 
lines, reducing Shasta generation will mitigate an emergency overload of the Shasta-
Flanagan and Flanagan-Keswick 230 kV lines.   Although the SPS is in place, it is 
scheduled to be implemented concurrently with the completion of the re-conductor of 
the Shasta-Flanagan and Flanagan-Keswick 230-kV transmission lines.  To mitigate this 
problem in the near term and long term planning intervals, a project has been proposed 
to re-conductor the 230 kV line from Shasta to Flanagan to Keswick to mitigate 
potentially overloading these lines.  This project is due to be in operation by 2015 
summer.  This project is identified with meeting Category C NERC Planning Standards 
TPL-003.   Figure 5-1 shows the power flows for the line outage and the overload. 
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Figure 5-1: 2015 Heavy Summer, Overload of SHA-FLN-KE 230 kV Line  

Due to Outage of SHA-CW #1 & #2 230 kV Lines 

 

C.1.2 Keswick-O’Banion 230 kV and Keswick- Olinda 230 kV Lines Outage 

With the Shasta 230 kV bus connected in a single bus arrangement, an outage of the 
Keswick-O’Banion and Keswick-Olinda 230 kV lines can cause the Keswick - Airport 
and Airport - Cottonwood 230 kV lines to load above its emergency rating.   During high 
generation dispatch of the Northern CVP units and mid to low import levels of the 
Redding system a double line outage of the Keswick-O’Banion and Keswick-Olinda 230 
kV lines will cause the Keswick - Airport and Airport - Cottonwood 230 kV lines to load 
above its emergency rating.  In nearly all generation and import scenarios the loss of 
both of the Keswick-O’Banion and Keswick-Olinda 230 kV lines will cause the Keswick - 
Airport and Airport - Cottonwood 230 kV lines to load above their normal ratings (see 
Figure 5-2).  This condition will limit TRD and Shasta generation pre-contingency and 
cause extreme reductions to TRD and Shasta generation in post contingency conditions 
to reduce line loading below normal ratings in a 30 minute period.  Additionally, TRD 
and Shasta generation will need to be reduced pre-contingency during certain 
maintenance and overlapping outage conditions associated with the Keswick – 
O’Banion and Keswick-Olinda 230-kV lines to mitigate loading on the Keswick - Airport 
and Airport - Cottonwood 230 kV lines. Reliability is maintained through nomograms 
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operation and within Daily Operating Studies that are conducted the day ahead and 
utilized in real-time operations.  These studies are conducted in part for conformity with 
WASN OP-53 (Planned Outage Coordination).   
 

 
Figure 5-2: 2015 Heavy Summer, Overload of KE - AIR 230 kV Line  

Due to Outage of KE - OBN and KE-ODA230 kV Lines 

 
The study findings define real-time operating limits with and without planned or forced 
outages of WASN transmission system facilities.   As system limitations are recognized, 
WASN Operator Procedure OP-17 is updated.  WASN OP-17 also covers the outage of 
one of these lines over-lapping with the outage of the other line.  Reconductoring this 
line is currently scheduled for completion in 2016.  This mitigation proposal is identified 
with meeting Category C NERC Planning Standard TPL-003.   
 

C.1.3 Cottonwood – Olinda 230 kV Line Outage 

System studies show than during a planned outage of one of the Cottonwood – Olinda 
230-kV transmission lines, the level of Northern California hydro generation in addition 
to generation from Colusa Power Plant (Colusa) could potentially load the remaining 
Cottonwood-Olinda 230 kV lines above its emergency rating upon an outage of the 
Captain Jack – Olinda 500-kV line or the loss of the Keswick – O’Banion and Keswick – 
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Olinda credible double line outage or stuck breaker conditions that would result in the 
same double line outage condition as well as the loss of the Keswick south bus. Table 4 
provides information on the line loading for the separate overlapping contingencies with 
some power flow plots shown in Figures 5-3a and 5-3b. 
 
Table 4: Cottonwood-Olinda #1 230-kV line Out of Service* 

Equipment of Concern Normal 
Rating (%) 

Emergency 
Rating (%) 

Contingency Description 

Cottonwood-Olinda #2 1.452 1.147 Captain Jack - Olinda 500-kV 

Cottonwood-Olinda #2 1.355 1.071 KES-OBN/KES-ODA DLO 

Cottonwood-Olinda #2 1.355 1.071 KES-OBN/KES-ODA DLO 

Cottonwood-Olinda #2 1.355 1.071 Keswick 230 kV South Bus_FLN_sps 

Cottonwood-Olinda #2 1.355 1.07 CAR1_KESX_FAILKES_WHY_fln_sps 

Cottonwood-Olinda #2 1.355 1.07 FLN_KESX_FAILKES_fln_sps_WHY 

Cottonwood-Olinda #2 1.355 1.07 OBN_KESX_FAILKES_fln_sps_WHY 

Cottonwood-Olinda #2 1.355 1.07 ODAX_KES_FAILKES_fln_sps_WHY 

* Results with the Cottonwood-Olinda #2 line Out of Service will be identical to those shown above only the Cottonwood-Olinda #1 

line will be the equipment of concern 
 

 

 
 

Figure 5-3a: 2024 Heavy Summer, Overload of CW-ODA #2 230 kV Line  
 Due to Outage of CW-ODA #1and CPJ-ODA 500 kV Lines 
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Figure 5-3b:2024 Heavy Summer, Overload of CW-ODA #2 230 kV Line  
Due to Outage of CW-ODA and KE-ODA 230 kV Lines 

 
The Colusa Combined-Cycle Power Plant is interconnected to PG&E’s 230 kV 
transmission lines running south from Cottonwood Sub.  Operating procedures as well 
as operation coordination between WASN and the CAISO (using day-ahead WASN 
outage coordination studies related to WASN Operating Procedure OP-53) take this into 
account such that either or both the combined-cycle generation level is reduced or the 
level of Northern California hydro generation depending on the level of N-S power flow 
from Oregon into California over the Malin-Round Mt. 500 kV lines.  The Round Mt 
Substation is connected to the Cottonwood Substation via three 230 kV lines.  The 
overload conditions are reflective of the limitations on the Cottonwood-Olinda 230 kV 
lines.  With these limitations resolved the potential overload from the over-lapping 
outage will be mitigated.  With Colusa Off-line the Cottonwood – Olinda lines do not 
exceed their emergency rating, they do exceed their normal ratings, however.  
Reliability criteria states flow on a line must not exceed its emergency rating and must 
be reduced to below its normal rating within 30 minutes.  This reduction in flow below 
the normal line rating would require substantial reduction in Northern CVP generation.  
WASN along with collaboration with the CAISO, SMUD and PG&E have implemented 
Operating Procedure OP-17D for mitigation to these loading issues.  Reconductoring 
this line is not currently scheduled, however it is under review.  This potential over-
lapping outage is associated with TPL-003.   
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C.1.4 Shasta - Cottonwood #1 & #2 230 kV Lines Outage 

With the Shasta bus in the double bus double breaker arrangement a Shasta – 
Cottonwood #1 and #2 double line outage can cause the normal overload of the 
Keswick – Olinda line, approaching emergency rating violations (97%).  This condition is 
mitigated in real-time and day ahead studies, additionally the limiting element on this 
line is shown to be a disconnect switch.  A project has been proposed to reconductor 
the 230 kV line from Shasta to Flanagan to Keswick to mitigate potentially overloading 
these lines.  This project is due to be in operation by 2015 summer In the interim, day-
ahead and real-time studies will ensure that reliability criteria are met and that no 
violations occur due to this outage. This over-lapping Category C outage is associated 
with TPL-003.  Figure 5-4 
 

 
 

Figure 5-4: 2024 Heavy Summer, Overload of the KE-FLN, and FLN-SHA 230 kV 
Line, Due to SHA-CW #1 and # 2 230 kV Lines Outage 

 

C.1.5 Keswick – O’Banion 230 kV Overlapping Line Outage 

With the Keswick – O’Banion line out of service an overlapping outage of either the 
Airport – Cottonwood or the Keswick – Airport can load the Keswick – Olinda line above 
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its emergency rating by 9% and 6%, respectively.   Further research will be performed 
to determine if the replacement of the disconnect switch or other limiting equipment (if 
any) will mitigate this loading issue.  In the interim, day-ahead and real-time studies will 
ensure that reliability criteria are met and that no violations occur due to this outage. 
This over-lapping Category C outage is associated with TPL-003. See Figure 5-5. 
 

 
 

Figure 5-5: 2024 Heavy Summer, Overload of ODA-KE 230 kV Line,  
Due to KE-OBN and CW-AIR 230 kV Lines Outage 

 

C.1.6 Tracy 500/230 kV Transformer Overlapping Outage 

An outage of one of two Tracy 500/230 kV transformer banks over-lapping with an 
outage of the Tracy-Tesla 500 kV line can cause the remaining Tracy 500/230 kV 
transformer bank to load above its summer normal rating and in most cases below its 
emergency rating.  Figure 5-6a shows that with one of the Tracy 500/230-kV 
transformers out of service and the Tracy – Tesla 500-kV line out of service, the 
remaining Tracy 500/230-kV transformer will load to 110% of its normal rating and 90% 
of its emergency rating (Figure 5-6b shows emergency rating loading).  Mitigation for 
this is addressed in real-time operations in conjunction with CAISO. This over-lapping 
Category C outage is associated with TPL-003.  
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Figure 5-6a: 2024 Heavy Summer, Overload of Outage of TCY 500/230kV #2  
Due to TCY500/230kV #1 Overlapping with TCY-TES 500 kV Line Outage  

 

C.2 Post - Transient and MVAr Margin Evaluation 

 
The MVAr margin evaluations for the different cases were evaluated based on the same 
contingencies used in the fault analysis. More plots of the available MVAr margin 
evaluation are stored on WASN computers and are available upon request. The post-
transient plots in Figures 5-7 and 5-8 show available MVAr margin with load increased 
by 2.5% per WECC reactive margin requirements. Figure 5-7(a-c) shows the reactive 
power requirement at different buses for Shasta-Cottonwood double line outage. Figure 
5-8(a-c) shows the reactive power requirement at different buses for Keswick-O’Banion 
and Keswick - Olinda double line outage 
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C.2.1 Shasta-Cottonwood Double Line Outage 

 

 
 

Figure 5-7a: Elverta 230 kV Bus Reactive Power Requirement 
 
 
 

 
 

Figure 5-7b: Tracy 230 kV Bus Reactive Power Requirement 
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Figure 5-7c:  Olinda 230 kV Bus Reactive Power Requirement 
 

C.2.2 Keswick-O’Banion and Keswick - Olinda Double Line Outage 

 

 
Figure 5-8a:  Elverta 230 kV Bus Reactive Power Requirement 
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Figure 5-8b: Tracy 230 kV Bus Reactive Power Requirement 
  
 
 

 

 
 
 

Figure 5-8c: Tracy 230 kV Bus Reactive Power Requirement 
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C.3 Dynamic Stability Evaluation 

For category 3 requirements, the same contingencies used in the post-transient reactive 
power requirement evaluation were also used in the transient simulations for dynamic 
stability evaluation. The dynamic stability plots in Figure 5-9(a-e) and 5-10 (a-e) show 
samples of the system response to disturbances at Shasta – Cottonwood for double line 
outage (dlo) and Keswick-O’Banion/Keswick-Olinda for double line outage. The Stability 
plots show stable system performance. In some stability plots, it can be seen where 
some generator units appear to be out of sync, this is due to the generator units being 
dropped as part of the switching scheme. More dynamic stability plots are stored on 
WASN computers and are available upon request. 
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Figure 5-9a: 2024 Heavy Summer, Generator Rotor Angle  
(Fault on CW-SHA 230 kV Line) 
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Figure 5-9b: 2024 Heavy Summer, Generator Bus Voltage  
(Fault CW-SHA 230 kV Line) 
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Figure 5-9c: 2024 Heavy Summer, Generator Bus Frequency 
 (Fault on CW-SHA 230 kV Line) 
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Figure 5-9d: 2024 Heavy Summer, Load Bus Voltage  
(Fault on CW-SHA 230 kV Line) 
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Figure 5-9e: 2024 Heavy Summer, Load Bus Frequency  
(Fault on CW-SHA 230 kV Line) 
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Figure 5-10a: 2024 Heavy Winter, Generator Rotor Angle 
 (Fault on CW-SHA 230 kV Line) 
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Figure 5-10b: 2024 Heavy Winter, Generator Bus Voltage 
 (Fault on CW-SHA 230 kV Line) 
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Figure 5-10c: 2024 Heavy Winter, Generator Bus Frequency  

(Fault on CW-SHA 230 kV Line) 
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Figure 5-10d: 2024 Heavy Winter Load Bus Voltage  
(Fault on CW-SHA 230 kV Line) 
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Figure 5-10e: 2024 Heavy Winter, Load Bus Frequency 
 (Fault on CW-SHA 230 kV Line) 
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As verification, the projected state of WASN’s transmission system related to TPL -003 
is shown by power flow, post-transient and dynamic stability plots included in the 
preceding sections of this report.  The contingency analysis plots are samples of the 
contingency studies conducted, but cover critical points within the WASN transmission 
system such that it can be expected that other contingencies at other points would 
produce similar results.  It was also shown that the most limiting system condition is the 
during summer peak load season, although thermal, post-transient and dynamic stability 
simulations were run for summer off-peak and winter load and flow conditions.  Study 
results for these conditions are available upon request.  Post-transient and stability plots 
are provide for the Cottonwood-Olinda #1 and #2 double line outage, the Keswick-
O’Banion and Keswick-Olinda double line outage. The Stability plots show stable 
system performance.   
 
The steady-state thermal and voltage analysis was conducted on the power flow cases 
listed in Table 1.  Post-transient and dynamic stability analysis were conducted on the 
5th year (2019) and 10th year (2024) base cases as well as the three WECC base cases 
also listed in Table 1.  They results demonstrate compliance with NERC Planning 
Standard TPL - 003 over a 10 year future period.  Post-transient and dynamic stability 
plots are available on request. 
 
Dynamic stability analysis was primarily conducted modeling a 3-phase fault which is 
more severe than a single-phase to ground fault with normal clearing times, but analysis 
was conducted to assess the impact of a single-phase to ground fault with delayed 
clearing times.  Based on comparing the results of 3-phase faults and single-phase to 
ground faults where all the simulations were stable, it can be concluded that no 
instability and less post-contingency impact to the system would be found if all 
contingencies were run modeling single-phase to ground faults.  The study results 
demonstrate that no dynamic stability problems were discovered and that simulations 
were sufficiently damped. In some stability plots, it can be seen where some generator 
units appear to be out of sync, this is due to the generator units being dropped as part 
of the switching scheme. 
 
 

D. Category D (NERC Planning Standard TPL - 004): Extreme Events (N-2 plus) 

 
Attachment 1 contains power flow, post-transient and dynamic stability plots illustrating 
the impact of NERC Category D contingencies per NERC Planning Standard TPL - 004. 
 

D1. Rancho – Seco 230 kV Double Line Outage (dlo) 

The Tracy-Hurley 230 kV lines could potentially overload due to the Rancho – Seco 
230-kV double line outage.  Analysis was done under two separate conditions to 
determine the impact of this contingency on the system: 
(a) With Sutter Energy Center off-line and no reactive support assumed in place for 

2016HS case, a double outage of Rancho – Seco 230 kV line will cause voltage 
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depression at Everta 230 kV bus and the surrounding areas with overloading of 
Tracy – Hurley #1 and #2 lines simultaneously.  Figure 6-1a&b (2016hs2a) show the 
loading on the Tracy-Hurley #1& #2 lines at 126% and 117% respectively exceeding 
normal rating and the Tracy – Hurley #1 & #2 lines at 104% and 107% respectively 
exceeding emergency rating, both conditions with Elverta bus voltage at 225-kV. 
 

(b) With Sutter Energy Center on-line and reactive support assumed in place for 
2016HS case, studies indicate that neither the Tracy – Hurley #1 or #2 line will 
exceed any of the ratings due to the Rancho – Seco Double line outage. Figure 6-1c 
(2016hs2a) shows the loading on the Tracy-Hurley #1 line at 85.8% normal rating 
and the Tracy – Hurley #2 line at 79.8% normal rating, both conditions with Elverta 
bus voltage at 229-kV.   

 
These results substantiate previous annual assessment findings. In addition, the low 
voltage issue will continue to be a potential problem looked at in future transmission 
assessments by both WASN, but more importantly, the Load Serving Entities within the 
Sacrament Area.  Annual transmission planning is being actively coordinated between 
WASN and the Sacramento Municipal Utility District, as well as other Sacramento 
Valley utilities.  The time-line to resolve any shortage of reactive voltage support can be 
2-3 years since the support is typically installed within existing substation and therefore 
permitting is limited and the time to construct is shorter.  The Sacramento Area is 
operated within a nomogram that has at times been defined by this outage and is 
documented in annual Sacramento Valley Study Group reports.  The need for reactive 
voltage support to support projected load in the Sacramento Area is also a part of this 
study as well as the annual transmission assessments of the load-serving entities 
(LSE) within the Sacramento Area of which WASN is not a LSE.  Reconductoring TRY-
HUR #1 and #2 lines are not currently scheduled, however it is under review.  This 
outage is classified as a Category D outage and associated with TPL-004.  
 

D2. O’Banion – Elverta #1, #2, and #3 230 kV Lines Outage 

An overlapping outage of the O’Banion-Elverta #1, #2 and #3 230 kV lines can cause 
the SMUD Natomas-Hurley 230 kV line to load above its summer emergency rating by 
174% and the Natomas – O’Banion 230 kV line load to 99.8% of its summer emergency 
rating during 2019 summer peak load conditions with the Sutter Energy Center on-line.  
The O’Banion – Elverta #1 and #2 lines run on double circuit towers and are considered 
a credible double line outage and are studied as such in this assessment.  An operating 
procedure (WASN OP-57B) is in place to limit the Sutter Power Plant (directly 
connected to the O’Banion 230 kV Sub) generation, pre-contingency, upon the first part 
of this over-lapping outage occurring and therefore prevent loading the Hurley-Natomas 
230 kV line above its emergency rating upon the next outage occurring.  A Special 
Protection System to detect the overload along with the outages has been implemented 
to protect Westerns O’Banion-Natomas 230-kV line in addition to or in place of the 
operating procedure.  This over-lapping Category D outage is associated with TPL-004. 
Shown in Attachment 1 are Figures 6-2a & b.   
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D3. Keswick-Airport 230 kV Line with Overlapping Contingencies 

An outage of the Keswick-Airport line (line out for maintenance or forced out) 
overlapping with a combination of line outages associated with stuck breaker conditions 
at Keswick result in the emergency overloads, in some cases severe, of lines within the 
Redding operating area (see Attachment 1 Figure 6-3a).  This condition is mitigated in 
real-time and day ahead studies which institute a reduction in Northern Central Valley 
Project generation output.  When these conditions arise WASN coordinates with 
Redding to notify them of issues.  This over-lapping Category D outage is associated 
with TPL-004.  The power flow results are shown in Attachment 1, Figure 6-3a and b.  
The list of affected equipment is extensive. Table 5 contains the worst case equipment 
of concern and the contingency description.   
 
Table 5: Keswick - Airport 230-kV line Out of Service 

Equipment of Concern Normal 
Rating (%) 

Emergency 
Rating (%) 

Contingency Description 

Keswick - Olinda 153.3 146.9 C8_Cottonwood-Shasta dlo 

Keswick - Olinda 106.2 101.9 OBN_KESX_FAILOBN_1082 

Keswick - Olinda 106.2 101.9 OBN_ELV1X_FAILOBN_1086 

Keswick - Olinda 106.2 101.9 OBN_KESX_FAILOBN_1086 

Shasta-Cottonwood#1 144.9 119.0 KE-OBN/KE-ODA DLO 

Shasta-Cottonwood#2 144.9 119.0 KE-OBN/KE-ODA DLO 

 
Mitigation for this outage is preformed during the daily or day ahead study process.  
Additionally, base case overloads do not represent generation redispatch allowed by 
WECC planning criteria that cause the overloads.  Further analysis of the Shasta-
Cottonwood double line outage utilizing Shasta generation only to mitigate the 
emergency loading of the Keswick-Olinda line. Shasta generation would need to be 
limited to 284 MW assuming full TRD output.  Upon the loss of the Keswick-Airport line, 
this generation reduction would need to be put in place pre-contingency to mitigate for 
the next worst contingency.  Attachment 1 Figure 6-3b shows loading on the Keswick – 
Olinda line due to the Shasta – Cottonwood #1 and #2 double line outage.  Attachment 
1Figure 6-3c shows loading on the Shasta – Cottonwood #1 and #2 lines due to the 
Keswick-O’Banion and Keswick-Olinda double line outages. 

D4. Airport - Cottonwood Overlapping with Shasta - Cottonwood 

An outage of the Airport-Cottonwood line (line out for maintenance or forced out) 
overlapping with a Shasta-Cottonwood #1 and #2 double line outage results exceeding 
the Keswick-Olinda emergency ratings by 161% and normal rating by 168% as shown 
in Attachment 1Figure 6-4a.  An outage of the Airport-Cottonwood line overlapping with 
a Keswick-O’Banion and Keswick-Olinda double line outage result in exceeding the 
emergency rating of the Shasta – Cottonwood #1 and #2 lines by 137% as shown in 
Figure 6-4b.  This condition is mitigated in real-time and day ahead studies which 
institute a reduction in Northern Central Valley Project generation output.  This over-
lapping Category D outage is associated with TPL-004.  The power flow results are 
shown in Attachment1, Figure 6-4a and 6-4b.  The worst case equipment of concern 
and contingency description are listed in Table 6.  Mitigation for this outage is preformed 
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during the daily or day ahead study process.  Additionally, base case overloads do not 
represent generation re-dispatch allowed by WECC planning criteria that cause the 
overloads.  Shasta generation maximum output would need to be limited to 
approximately 385 MW, assuming full TRD output to mitigate all line loading issues. 
 
Table 6:  Airport-Cottonwood 230-kV line Out of Service 

Equipment of Concern Normal 
Rating (%) 

Emergency 
Rating (%) 

Contingency Description 

Keswick - Olinda 168 161 C8_Cottonwood-Shasta dlo 

Shasta-Cottonwood#1 162 137 C8_KES-OBN/KES-ODA 

Shasta-Cottonwood#2 162 137 C8_KES-OBN/KES-ODA 

Keswick - Olinda 108 103 B2_KESWICK - OBANION 230 kV #1  

Keswick - Olinda 108 103 OBN_KESX_FAILOBN_1082 

 

D5. Cottonwood – Roseville with Olinda Stuck PCB  

 An outage of the Cottonwood-Roseville line (line out for maintenance or forced out) 
overlapping with an Olinda stuck Power Circuit Breaker (PCB) 282 associated with a 
line fault on either the Cottonwood-Olinda #1 or Keswick – Olinda lines results in the 
emergency overload of the Cottonwood-Olinda #2 line, this condition results in 
exceeding the emergency rating of the Cottonwood-Olinda #2 line by 162% as shown in 
Figure 6-5a. This condition is mitigated in real-time and day ahead studies which 
institute a reduction in Northern Central Valley Project generation output.  The table 
below shows several overlapping outage conditions associated with the Cottonwood-
Roseville line being out of service.  The resulting overloads are shown in Attachment 1 
Figures 6-5a and 6-5b.  This over-lapping Category D outage is associated with TPL-
004.  Table 7 contains the worst case equipment of concern and the contingency 
description.  Mitigation for this outage is preformed during the daily or day ahead study 
process.  Additionally, base case overloads do not represent generation redispatch 
allowed by WECC planning criteria that cause the overloads.  Shasta generation 
maximum output would need to be limited to approximately 648 MW, assuming full TRD 
output to mitigate line loading issues associated with WASN northern lines.  Mitigation 
from Sacramento Valley LSE’s would be required to mitigate line loading issues 
associated with the TRY-HUR #1 and #2 lines.  Nomograms are developed and utilized 
during day ahead and real-time studies to ensure reliable operation of the TRY-HUR #1 
and #2 lines. 
 
Table 7: Cottonwood-Roseville 230-kV line Out of Service 

Equipment of Concern Normal 
Rating (%) 

Emergency 
Rating (%) 

Contingency Description 

Cottonwood-Olinda#2 191.0 162.0 ODA1X_CW_FAILODA_282 

Cottonwood-Olinda#2 191.0 162.0 ODAX_KES_FAILODA_282 

Keswick - Olinda 101.9 97.7 C8_Olinda-Cottonwood dlo 

 

D6. Keswick-O’Banion 230 kV Line Overlapping with Shasta - Cottonwood 

An outage of the Keswick-O’Banion line (line out for maintenance or forced out)  
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overlapping with a Shasta-Cottonwood #1 and #2 double line outage or multiple but 
individual stuck breaker conditions associated with various line faults in the Western 
System results in exceeding the emergency rating of the Keswick-Olinda and 
Cottonwood-Olinda #2 line. This condition is mitigated in real-time and day ahead 
studies which institute a reduction in Northern Central Valley Project generation output.  
This over-lapping Category D outage is associated with TPL-004.  The power flow 
results are shown in Attachment 1, Figure 6-6a and b.  Table 8 contains the worst case 
equipment of concern and the contingency description.  Additionally, base case 
overloads do not represent generation redispatch allowed by WECC planning criteria 
that cause the overloads.  Shasta generation maximum output would need to be limited 
to approximately 344 MW, assuming full TRD output to mitigate line loading issues 
associated with loading on the Keswick – Olinda line. 
 
 
Table 8: Keswick-O’Banion 230-kV line Out of Service 

Equipment of Concern Normal 
Rating (%) 

Emergency 
Rating (%) 

Contingency Description 

Keswick - Olinda 129.7 124 C8_Cottonwood-Shasta dlo 

Airport - Cottonwood 134.6 114 C8_Cottonwood-Shasta dlo 

Airport – Keswick* 116.9 89.8 C8_Cottonwood-Shasta dlo 

Keswick – Olinda* 124 124 C8_Cottonwood-Shasta dlo 

Airport – Cottonwood* 113 92.6 C8_Cottonwood-Shasta dlo 

Cottonwood-Olinda#2 196 166.5 ODA1X_CW_FAILODA_282 

Cottonwood-Olinda#2 196 166.5 ODAX_KES_FAILODA_282 

*In 2024 Heavy Summer 

 

D7.  Keswick-Olinda 230 kV Line Overlapping with Shasta - Cottonwood 

An outage of the Keswick-Olinda line (line out for maintenance or forced out) 
overlapping with a Shasta-Cottonwood #1 and #2 double line outage or Olinda stuck 
Power Circuit Breaker (PCB) 282 condition results in the emergency overload of the 
Cottonwood-Airport, Shasta-Cottonwood #1 and #2 or Cottonwood-Olinda #1 and #2 
lines. The overloaded line will depend on what the overlapping outage is. Table 9 
provides contingency description and resulting overloads.  For example, the Shasta-
Cottonwood #1 and #2 will not overload if they are the overlapping outage, in this case 
the overlapping outage is the stuck breaker condition. This condition is mitigated in real-
time and day ahead studies which institute a reduction in Northern Central Valley 
Project generation output.  This over-lapping Category D outage is associated with TPL-
004.  The power flow results are shown in Attachment 1, Figure 6-7a and 7b).  Table 9 
contains the worst case equipment of concern and the contingency description.  
Additionally, base case overloads do not represent generation redispatch allowed by 
WECC planning criteria that cause the overloads.  Shasta generation maximum output 
would need to be limited to approximately 384 MW, assuming full TRD output to 
mitigate line loading issues associated with the Keswick-Airport and Airport-Cottonwood 
lines. 
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Table 9: Keswick-Olinda 230-kV line Out of Service 

Equipment of Concern Normal 
Rating (%) 

Emergency 
Rating (%) 

Contingency Description 

Airport-Cottonwood 238 202 C8_Cottonwood-Shasta dlo 

Keswick-Airport 196.4 155 C8_Cottonwood-Shasta dlo 

Shasta-Cottonwood #1 226.5 192 ODA1X_CW_FAILCW_332 

Cottonwood-Olinda#1 151 136.6 ODA2X_CW_FAILCW_332 

 

D8. Loss of Sutter Energy Center with Tracy – Hurley #1 and #2 Outage 

With all lines in service and the loss of the Sutter Energy Center, a Tracy-Hurley #1 and 
#2 double line outage or a stuck breaker condition that would result in the Tracy-Hurley 
#1 and #2 double line outage, results in the exceeding the normal loading of the PG&E 
Tesla-Weber 230-kV line. The Emergency rating is exceeded in some study years, but 
not others. This condition is mitigated in real-time and day ahead studies in coordination 
with SMUD which institute generation re-dispatch in the SMUD area.  This over-lapping 
Category D outage is associated with TPL-004. Attachment1, Figure 6-8a shows 
loading with normal ratings and Figure 6-8b loading with Emergency ratings.  As can be 
seen, the normal rating is exceeded by 114% and emergency rating is not exceeded 
(97%) by year 2019hs.  The Sutter Energy Center is scheduled to move from its present 
location in the future.  If this move is to occur this outage would then be classified as a 
Category C, TPL-003 contingency. 

D9. Keswick-Flanagan Overlapping with Stuck Breaker Conditions 

An outage of the Keswick-Flanagan line overlapping with several different, but individual 
stuck break conditions, results in the emergency overload of several lines within the 
Redding 115-kV system, the Flanagan 230/115-kV transformers, Keswick-Knauf, 
Flanagan-Knauf and Flanagan-City of Shasta Lake 115-kV lines. The list of effected 
equipment is extensive and not shown here, however, an SPS is installed such that 
should the Keswick-Flanagan line trip, the Shasta-Flanagan line will be removed from 
service thereby protecting potentially affected equipment.  Additionally, this condition is 
mitigated in real-time and day ahead studies which institute a reduction in Northern 
Central Valley Project generation output.  This over-lapping Category D outage is 
associated with TPL-004. 
 
Post-transient and steady-state outage studies in this current WASN annual 
transmission assessment continue to show that maintaining reliable and sufficient 
import capability into the Sacramento Area is dependent on Sacramento Area load 
serving entities continuing effort to install reactive voltage support as their load grows. 
Studies show that there may be insufficient voltage support in the five and ten-year 
(2019 and 2024) power flow case for two Category D outages (either the Sutter Power 
Plant off line over-lapping with an outage either of the Tracy-Hurley 230 kV lines #1 & 
#2 or the Sutter Power Plant off line over-lapping with the Bellota-Rancho Seco #1 & #2 
230 kV lines).  These lines are used to import power into the Sacramento Area.  These 
study results are consistent with the annual Sacramento Valley Study Group analysis 
which determines import capability limits into the Sacramento Area 
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This report will be sent to the California Independent System Operator, Pacific Gas & 
Electric Company, the City of Roseville, the Sacramento Municipal Utility District and 
Northern California Power Agency so that they can look into these potential reliability 
problems, help determine more specifically if it is a future reliability problem, when it 
would first occur and recommend how to mitigate it.  Mitigation would be a coordinated 
effort with WASN.  The estimated lead time to install reactive voltage support is 3-5 
years, so future WASN annual transmission assessments will continue to track this.  It 
should be noted that the Sutter Energy Center is scheduled to be moved in the future, in 
which case these outages could be classified as a within the NERC requirements of 
category C in lieu of Category D. 
 
No cascading operating conditions associated with Category D contingencies were 
found and any loss of load is limited to the local area. WASN will study and analyze the 
merit of any required new operating procedures or other feasible mitigation plans during 
the coming year.  The potential reliability problems associated with Category D (TPL - 
004) extreme contingency events have not been seen historically, but WASN will 
continue to assess the need and viability for implementing operating procedures or 
other mitigation measures.   
 
As verification, the projected state of WASN’s transmission system related to TPL-004 
is shown by power flow, post-transient and dynamic stability plots included in 
Attachment 1 of this report.  The contingency analysis plots contained in these 
attachments is a sampling of the contingency studies conducted, but cover critical 
points within the WASN transmission system such that it can be expected that other 
contingencies at other points would produce similar results.  The post-transient plot in 
Attachment 1 shows available MVAr margin with load increased by 2.5% per WECC 
reactive margin requirements. The VAR Margin plots in Attachment 1, Figures 6-10a, 6-
10b and 6-10c) shows VAR margin during the Keswick-Olinda, Keswick-O’Banion and 
Keswick-Airport 230 kV lines at the Keswick substation outage. 
 
The study results demonstrate that no dynamic stability problems were discovered and 
that simulations were damped.  In some stability plots, it can be seen where some 
generator units appear to become un-synchronized, this is due to the generator units 
being dropped as part of the switching scheme.  Attachment 1, Figures 6-11a, 6-11b, 6-
11c is a demonstration of stability analysis associated with the Keswick-Olinda, 
Keswick-O’Banion and Keswick-Airport 230 kV lines at the Keswick substation, 
indicating stable system performance. 
 
This steady-state thermal and voltage analysis was conducted on the 10 years of power 
flow cases listed in Table 2.  Post-transient and stability analysis was conducted on the 
5 year (2019) and 10 year (2024) base cases.  They demonstrate compliance with 
NERC Planning Standard TPL - 004 over a 10 year future period.  Plots for other 
Category D outages investigated are available upon request. 
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PROPOSED AND PLANNED TRANSMISSION PROJECTS 

 

1. Communication Aided High Speed Protection 

Operating studies show that when a transmission line is placed on the bypass breaker, 
to perform circuit breaker maintenance, the clearing time associated with the bypass 
breaker is longer than when the line is used with its dedicated circuit breaker.  The 
longer clearing times are due to the fact that there is no communications associated 
with the relays associated with the transfer breaker.  Additionally, because lines of 
different length and protection coordination can be used on the transfer breaker, zone 
clearing times are used for primary protection when a line is placed on the transfer bus. 
Western currently employs a main and transfer breaker scheme at the Keswick, Elverta, 
Folsom and Judge Francis Carr substations.  Mitigation for this issue is provided for by 
operations and real-time studies when lines are placed on the transfer bus.  Operations 
time-frame studies are performed to determine needed clearing times or generation 
level for safe operation in accordance with NERC and WECC operating criteria.  A 
project to install protection equipment that will accommodate high speed clearing is 
currently being pursued, however implementation dates have not been determined. 
 

2. Keswick – Olinda Disconnect Switch 

Further research will be conducted to determine if the outages associated with 
exceeding the emergency ratings of the Keswick-Olinda line can be mitigated by 
replacing a disconnect switch on the Keswick-Olinda line located in the Keswick 
substation.  The limiting element on this line is shown to be a disconnect switch.  
Further research will be performed to determine if the replacement of the disconnect 
switch or other limiting equipment (if any) will mitigate the loading issue on the Keswick-
Olinda line. 
 

3. Keswick – Airport – Cottonwood Re-conductor 

Re-conductor the Keswick-Airport and Airport-Cottonwood to mitigate for the credible 
Keswick-O’Banion and Keswick-Olinda double line outage as well as various stuck 
breaker scenarios associated with the loading of the Keswick-Airport and Airport-
Cottonwood 230-kV lines. 
 

4. Cottonwood-Olinda #1 and #2 Re-conductor 

Re-conductor the Cottonwood-Olinda #1 and #2 lines to mitigate for the Overlapping 
Cottonwood-Olinda 230-kV and Captain Jack – Olinda 500-kV line outages as well as 
various stuck breaker scenarios associated with the loading of the Cottonwood-Olinda  
230-kV lines 
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5. Tracy 230 kV High Voltage Mitigation 

Installation of shunt reactors to mitigate high voltage in the northern part of the Western 
system is being proposed.  Although not studied in this assessment, operations during 
off-peak times has experienced voltages above 235-kV in the  Western has operating 
procedures in place for the mitigation of high voltage, however, the installation of shunt 
reactors is being proposed as a more effective long-term remedy.  
 

6. Tracy 500 kV High Voltage Mitigation 

Under light loading conditions in the area within CAISO operation encompassing PG&E, 
SUD, BPA, and, WAPA, the 550 kV bus at Tracy is subjected to high voltage levels in 
excess of 550 kV. This condition has been observed for a period of time and studied 
extensively in our daily operational studies as well as in this assessment. Western in 
has operating procedures in place for the mitigation of this high voltage condition, 
however, the installation of shunt reactors is being proposed as a more effective long-
term remedy.  
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DIAGRAM OF THE WESTERN AREA POWER ADMINISTRATION – 

SIERRA NEVADA REGION TRANSMISSION SYSTEM 
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CONTINGENCIES STUDIED 

 
The following list of contingencies was included for thermal, voltage, post-transient and 
transient stability.  For transient stability analysis and while Table 1 within the NERC 
Planning Standards TPL-001 thru 004 allow for simulating a single-line to ground (SLG) 
fault for certain contingencies, this WASN transmission assessment was conducted 
simulating 3-phase faults for all of the contingencies studied, but included SLG faults for 
some contingencies to verify that this type of fault would produce less of an impact to 
system reliability.   The fault was applied on the leading bus.  For example, a 3-phase 
fault was applied at Captain Jack for a fault on the Captain Jack to Olinda 500 kV line 
that’s results in an outage of the line after the fault is cleared in 4 cycles. 
 

Event resulting in the loss of a single element – NERC Level B 

 Captain Jack – Olinda 500 kV 

 Olinda – Tracy 500 kV 

 Folsom Power Plant Units 1, 2 or 3 

 Nimbus Power Plant Units 1 or 2 

 Roseville Generation Units Rep1, 2 or 3 

 Roseville Generation CT’s 1 or 2 

 Sutter Power Plant Units 1, 2, or 3 

 Airport – Cottonwood 230 kV 

 Cottonwood – Round Mountain 230 kV 

 Cottonwood – Roseville 230 kV 

 Cottonwood – Shasta 230 kV overlapping with Shasta Units 1 & 2 

 Cottonwood – Shasta 230 kV overlapping with Shasta Units 3 & 4 

 Elverta WAPA – Hurley 230 kV 

 Fiddyment – Elverta WAPA 230 kV 

 Fiddyment – Roseville 230 kV 

 Flanagan – Keswick 230 kV 

 Folsom – Lake 230 kV 

 Folsom – Nimbus 115 kV 

 Folsom – Orangevale 230 kV 

 Folsom – Roseville 230 kV 

 Goldhill – Lake 230 kV 

 Keswick – Airport 230 kV 

 Keswick – JF Carr 230 kV 

 Keswick – O’Banion 230 kV 

 Keswick – Spring Creek 230 kV overlapping with Spring Creek Unit 1 

 O’Banion – Elverta WAPA 230 kV 

 O’Banion – Natomas 230 kV 

 Olinda – Cottonwood 230 kV 

 Olinda – Keswick 230 kV 



2014 WAPA – Sierra Nevada Region Transmission Grid Assessment Report  
  

 86 

 Olinda – O’Banion 230 kV 

 Rancho Seco – Bellota 230 kV 

 Roseville – Elverta WAPA 230 kV 

 Roseville – Folsom 230 kV 

 Shasta – Flanagan 230 kV 

 Sutter – O’Banion 230 kV and Sutter Power Plant 

 Trinity – JF Carr 230 kV overlapping with Trinity Units 1 & 2 

 Tracy – Hurley 230 kV 

 Tracy – Lawrence Livermore 230 kV 

 Tracy – Tesla 230 kV 

 Tracy – Wesley 230 kV 

 Olinda  500/230 kV Transformer Bank 

 Roseville 230/60 kV Transformer Bank 

 Tracy 500/230 kV Transformer Bank 
 

Event(s) resulting in the loss of two or more (multiple) elements – NERC Level C 

 Cottonwood 230 kV bus section 

 Elverta 230 kV bus section 

 Keswick 230 kV bus section 

 Tracy 230 kV bus section 

 Cottonwood – Shasta #1 & #2 230 kV 

 Elverta - Hurley #1 & #2 230 kV 

 O’Banion – Elverta #1 & #2 230 kV 

 O’Banion – Elverta and O’Banion – Keswick 230 kV 

 O’Banion – Elverta and O’Banion – Natomas 230 kV 

 Olinda – Cottonwood #1 & #2 230 kV 

 Olinda-Cottonwood 230 kV & Captain Jack-Olinda 500 kV 

 Olinda-OBanion 230 kV & Olinda-Tracy 500 kV 

 Rancho Seco – Bellota #1 & #2 230 kV 

 Roseville – Elverta & Fiddyment – Elverta 230 kV 

 Roseville – Elverta & Fiddyment – Roseville 230 kV 

 Sutter-O’Banion – Keswick- O’Banion  230 kV 

 Tracy – Hurley #1 & #2 

 Tracy-Hurley 230 kV & Olinda-Tracy 500 kV 

 Tracy – Tesla #1 & #2 230 kV 

 Keswick – JF Carr #1 & #2 230 kV 

 Over-lapping Tracy 500/230 kV transformer & Olinda 500/230 kV transformer 

 Airport-CottonwoodX-FailAirport-1182   

 Airport-CottonwoodX-FailAirport-2182   

 Airport-CottonwoodX-FailCottonwood-352   

 Airport-KeswickX-FailAirport-2082   

 Airport-KeswickX-FailAirport-2086   

 Airport-KeswickX-FailKeswick   
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 J.F.Carr #1-KeswickX-FailCarr-482-Whiskey   

 J.F.Carr #1-KeswickX-FailKeswick-Whiskey 

 J.F.Carr #1X-Keswick-FailCarr-482-Whiskey  

 J.F.Carr #2X-Keswick-FailCarr-582-Whiskey  

 J.F.Carr #2-KeswickX-FailKeswick   

 Elverta1-HurleyX-FailElverta   

 Elverta1-Hurley-FailHurley   

 Elverta-RosevilleX-FailElverta   

 Elverta-RosevilleX-FailRoseville-182   

 Elverta-RosevilleX-FailRoseville-582   

 Elverta2-HurleyX-FailElverta   

 Elverta2-HurleyX-FailHurley   

 ElvertaEAST-BUS   

 Elverta-West-BUS   

 Fiddyment-ElvertaX-FailElverta   

 Fiddyment-ElvertaX-FailFiddyment-1182   

 Fiddyment-ElvertaX-FailFiddyment-1582   

 Fiddyment-RosevilleX-FailFiddyment-1182   

 Fiddyment-RosevilleX-FailFiddyment-1482   

 Fiddyment-RosevilleX-FailRoseville-782  

 Fiddyment-RosevilleX-FailRoseville-1282  

 Flanagan-KeswickX-FailFlanagan-182-fln- 

 Flanagan-KeswickX-FailFlanagan-382-fln- 

 Flanagan-KeswickX-FailKeswick-fln-Whiskey 

 FolsomX-Lake-FailFolsom 

 FolsomX-Lake-FailLake-5242 

 FolsomX-Lake-FailLake-5236 

 FolsomX-NIM-FailFolsom-562 

 FolsomX-Orangevale-FailFolsom 

 FolsomX-Orangevale-FailOrangevale 

 FolsomX-Roseville-FailFolsom 

 FolsomX-Roseville-FailRoseville-1182 

 FolsomX-Roseville-FailRoseville-782 

 Keswick-Redding#1X-FailKeswick-566 

 Keswick-Redding#1X-FailRedding#1-3635 

 Keswick-Redding#2X-FailKeswick-666 

 Keswick-Redding#2X-FailEUR-3231 

 KnaufX-Keswick-FailKeswick-462 

 KnaufX-Keswick-FailKeswick-466 

 KnaufX-Keswick-FailKnauf-TB42 

 KnaufX-Keswick-FailKnauf-TB62 

 LLL230-115-LLN424X-FailLLL230-115-662 

 LLL230-115-LLN424X-FailLLN424-652 

 LLL230-115-LLN424X-FailLLN424-952 
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 New Melones-BellotaX-FailBellota 

 New Melones-BellotaX-FailNew Melones 

 New Melones-WilsonX-FailNew Melones 

 New Melones-WilsonX-FailWilson 

 O'Banion-Elverta1X-FailElverta 

 O'Banion-Elverta1X-FailO'Banion-1086 

 O'Banion-Elverta1X-FailO'Banion-1182 

 O'Banion-Elverta2X-FailElverta 

 O'Banion-Elverta2X-FailO'Banion-2182 

 O'Banion-Elverta2X-FailO'Banion-2086 

 O'Banion-ElvertaSX-FailElvertaS 

 O'Banion-ElvertaSX-FailO'Banion-A-4086 

 O'Banion-ElvertaSX-FailO'Banion-A-4182 

 O'Banion-KeswickX-FailKeswick-fln-Whiskey 

 O'Banion-KeswickX-FailO'Banion-1082 

 O'Banion-KeswickX-FailO'Banion-1086 

 O'BanionX-Natomas-FailNatomas-400 

 O'BanionX-Natomas-FailNatomas-410   

 O'BanionX-Natomas-FailO'Banion-3086 

 O'BanionX-Natomas-FailO'Banion-3182 

 O'BanionX-Olinda-FailO'Banion-2082 

 O'BanionX-Olinda-FailO'Banion-2086 

 O'BanionX-Olinda-FailOlinda-186 

 O'BanionX-Olinda-FailOlinda-286 

 O'BanionX-Sutter-FailO'Banion-3082 

 O'BanionX-Sutter-FailO'Banion-3086 

 O'BanionX-Sutter-FailSutter 

 Olinda1X-Cottonwood-FailCottonwood-332 

 Olinda1X-Cottonwood-FailOlinda-282 

 Olinda1X-Cottonwood-FailOlinda-286 

 Olinda2X-Cottonwood-FailCottonwood-332 

 Olinda2X-Cottonwood-FailOlinda-182 

 Olinda2X-Cottonwood-FailOlinda-186 

 OlindaX-Keswick-FailKeswick-fln-Whiskey 

 OlindaX-Keswick-FailOlinda-282 

 OlindaX-Keswick-FailOlinda-386 

 Round MountainX-Cottonwood1-FailCottonwood1 

 Round MountainX-Cottonwood1-FailRound Mountain 

 RosevilleX-Cottonwood-FailCottonwood-362 

 RosevilleX-Cottonwood-FailRoseville-284 

 RosevilleX-Cottonwood-FailRoseville-382 

 Spring CreekX-Keswick-FailKE 

 Spring CreekX-Keswick-FailSpring Creek 

 ShastaX-Cottonwood1-FailCottonwood 
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 ShastaX-Cottonwood1-FailShasta 

 ShastaX-Cottonwood2-FailCottonwood 

 ShastaX-Cottonwood2-FailShasta-A 

 ShastaX-Flanagan-FailFlanagan-482 

 ShastaX-Flanagan-FailFlanagan-282 

 ShastaX-Flanagan-FailShasta 

 TrinityX-Carr-FailCarr-Whiskey 

 TrinityX-Carr-FailTrinity-982 

 TrinityX-Carr-FailTrinity-1082 

 Tracy1X-Hurley-FailHurley 

 Tracy1X-Hurley-FailTracy 

 Tracy2X-Hurley-FailHurley 

 Tracy2X-Hurley-FailTracy 

 TracyX-LLL-FailLLL 

 TracyX-LLL-FailTracy 

 TracyX-Tesla1-FailTesla 

 TracyX-Tesla1-FailTracy 

 TracyX-Tesla2-FailTesla 

 TracyX-Tesla2-FailTracy 

 TracyX-Wesley1-FailTracy 

 TracyX-Wesley1-FailWesley-2358 

 TracyX-Wesley1-FailWesley-2359 

 TracyX-Wesley2-FailTracy 

 TracyX-Wesley2-FailWesley-2361 

 TracyX-Wesley2-FailWesley-2362 

 ElvertaERTA-BUS-TIE-182 

 Tracy-BUS-TIE-1082 

 ElvertaERTA-BUS-TIE-1182 

 Cottonwood 472 stuck BKR 

 Cottonwood 482 stuck BKR 
Note: An X indicates location where the fault is applied 
 

Extreme event resulting in two or more (multiple) elements removed of Cascading 
out of service – NERC Level D 

 Sutter Power Plant Units 1, 2, and 3 entire power plant outage 

 Shasta – Cottonwood #1 & #2 and Shasta – Flanagan and Flanagan – Keswick 
230 kV 

 Keswick – Airport and Flanagan – Keswick and Keswick – Olinda and Keswick – 
O’Banion 

 Keswick – Olinda and Keswick – O’Banion and Shasta – Cottonwood #1 & #2 

 Cottonwood – Olinda #1 & #2 and Shasta – Cottonwood #1 & #2 230 kV and 
Captain Jack – Olinda 500 kV 

 Cottonwood – Olinda #1 & #2 and Keswick – O’Banion 230 kV and Captain Jack 
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– Olinda 500 kV 

 Cottonwood – Olinda #1 & #2 and Keswick – O’Banion 230 kV and Olinda – 
Tracy 500 kV 

 O’Banion – Elverta #1 & #2 and Cottonwood – Roseville 230 kV 

 Cottonwood – Roseville and Roseville – Elverta and Fiddyment – Elverta 230 kV 

 O’Banion – Elverta #1 & #2 and Roseville – Elverta and Fiddyment – Elverta 230 
kV 

 Tracy – Hurley #1 & #2 230 kV and Olinda – Tracy 500 kV 
In addition, circuit breaker failure was analyzed for each of the following 
substations.  For some, the failure of a circuit breaker to clear a faulted 
transmission line resulted in the outage of two lines.  In some cases, failure of a 
circuit breaker to open resulted in the outage of multiple transmission lines and 
part or all of one voltage level at a substation.  In addition, some of the outages 
modeling failure of a circuit breaker to open also included failure of the primary 
protection system and therefore the dynamic stability simulation included a 
longer period of time to clear the fault as well as the impacted transmission, 
generation and substation facilities. 
 

 Airport 230 kV 

 JF Carr 230 kV 

 Elverta 230 kV 

 Fiddyment 230 kV 

 Flanagan 230 kV 

 Folsom 230 kV 

 Keswick 230 kV 

 O”Banion 230 kV 

 Olinda 230 kV 

 Roseville 230 kV 

 Shasta 230 kV 

 Tracy 230 kV 
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NERC STANDARDS AND RESULTS PRESENTED 

Power flow results 

Power flow results for the following transmission system standards 
TPL -001 
TPL-002b 
TPL-003b 
TPL-004a 
 

Post transient and dynamic stability plots 

Post transient and dynamic stability plots for the following transmission system 
standards 
TPL -001 
TPL-002b 
TPL-003b 
TPL-004a 
 

Q-V analysis plots 

Q-V analysis plots for the following transmission system standards 
TPL -001 
TPL-002b 
TPL-003b 
TPL-004a 

Attachment 1: Category D Results 

Separate documents containing power flow, post-transient and dynamic stability plots 
corresponding to NERC Planning Standards TPL-004 
 

Attachment 2: 2014 Ten-Year Annual Assessment Study Plan 

This is the study plan for this 2014 annual transmission assessment and report. 

 

 

 

 


