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Executive Summary 

The Integrated Transmission Plan (ITP) is a three-year study process which assesses the SPP region's 
transmission needs in the long- and near-term with the intention of creating a cost-effective, flexible, 
and robust transmission network that will improve access to the regionôs diverse generating resources. 
Along with the recently-approved Highway/Byway cost allocation methodology, the ITP process as 
embodied in the new SPP Attachment O, approved by the Federal Energy Regulatory Committee 
(FERC) in July 2010, promotes transmission investment that will meet reliability, economic, and public 
policy needs1. This report documents analysis of the ITP process, which focused on the 20-year 
horizon with an objective of planning for SPPôs long-term regional needs.  

ITP development was driven by the Synergistic Planning Project Team (SPPT), which was created by 
the SPP Board of Directors to address gaps and conflicts in all of SPPôs transmission planning 
processes including Generation Interconnection and Transmission Service; to develop a holistic, 
proactive approach to planning that optimizes individual processes; and to position SPP to respond to 
national energy priorities. The ITP is based on the SPPTôs planning principles, which emphasize the 
need to develop a transmission backbone large enough in both scale and geography to provide 
flexibility to meet SPPôs future needs. 

This is the first Integrated Transmission Plan looking into the future 20 years as required by OATT 
Attachment O Section III - 3.  This is an expansion on the annual SPP Transmission Plan (STEP), the 
10 year transmission expansion plan in place since 2006. SPP has had two previous EHV plans, which 
like this plan, provide a look into the future that help to form the near term plans. The concept for this 20 
year look into the future arose from the 2009 Synergistic Project Planning Team, as a means to 
develop a flexible EHV backbone network.  The process utilizes a diverse array of power system and 
economic analysis tools to identify cost-effective robust backbone projects which will provide the 
transmission system flexibility to reasonably accommodate possible changes characterized by the 
various futures (scenarios) depicted in the assessment. Projects identified in the ITP20 provide benefits 
to the region across multiple futures, and create flexibility for SPP to meet future needs. The ITP effort 
has been driven by numerous interactions with stakeholders and with significant support from the 
ESWG and TWG. This plan differs from the earlier EHV plans in the level of detail and effort that has 
gone into its preparation. 

There will be no Notifications to Construct (NTCôs) issued as the result of this report. As provided for in 
the Integrated Transmission Planning that was approved by FERC on July 15, 2010 (Docket Nos. 
ER10-1269-000), this 20 year plan will be repeated on a three year cycle; the requisite ITP10 that will 
be presented at this same time next year will draw from the ITP20 report to present a significantly 
greater amount of detail concerning the underlying lower voltage grid, and the benefits and costs for the 
near term plans that will result in NTCôs. The ITP Manual does provide for SPP to issue Authorizations 
to Plan (ATPôs), which differ from the NTCôs in that ATPôs are only given to projects which are outside 
the 4 year financial commitment window, and ATPôs do not require an entity to invest any capital.  At 
this point SPP staff is not recommending the issuance of any ATPôs arising from this report. Additional 
thought and stakeholder input regarding the ATP process is requested before issuing ATPôs.  

Several distinct generation expansion futures were considered to account for possible variations in 
system conditions over the assessmentôs 20-year horizon. The futures were determined by the 
Strategic Planning Committee (SPC) and further refined by the Economic Studies Working Group 
(ESWG), using data from a Cost Allocation Working Group (CAWG) renewables survey. The four 
futures are presented briefly below and further discussed in Section 7: Resource Futures and Plan. 

1. Business-As-Usual: This future assumed no major changes in public policy from the present, 
and included renewable generation necessary to meet existing state renewable targets 
(approximately 10.6 GW of nameplate wind). 

                                                
1
 The Highway/Byway cost allocation approving order is Sw. Power Pool, Inc., 131 FERC ¶ 61,252  (2010). The approving 

order for ITP is Sw. Power Pool, Inc., 132 FERC ¶ 61,042 (2010). 
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2. Renewable Electricity Standard: This future assumed a 20% federal Renewable Electricity 
Standard (RES). It included renewable resources necessary to meet that standard 
(approximately 16.5 GW of nameplate wind). 

3. Carbon Mandate: This future assumed a carbon tax of $73/ton on CO2 emissions, and included 
renewable generation necessary to meet existing state renewable targets 
(approximately 10.6 GW of nameplate wind). 

4. Renewable Electricity Standard + Carbon Mandate: This future combined the assumptions of 
Future 2 and Future 3 for a RES of 20% and a carbon tax of $73/ton. It included renewable 
resources necessary to meet the RES 
(approximately 16.5 GW of nameplate wind). 

Other futures were considered to simulate the effects of load reduction, demand response, and carbon 
sequestration but not adopted in this study cycle. Future ITP studies may address these effects and will 
be determined through the SPP stakeholder process. 

Several portfolios of EHV projects were developed over the course of the analysis. The initial designs 
were a set of four Transmission Least Cost Solutions, one per future, that minimized the capital cost of 
the needed transmission. From the four Least Cost Plans, a portfolio was developed that incorporated 
elements from all four plans and would be adaptable to all futures. The portfolio was called the Cost-
Effective Plan and formed the basis for additional analysis.  

After developing the Cost-Effective Plan, a robustness analysis was performed to determine how the 
transmission plan and various alternatives performed against a variety of metrics. From the robustness 
analysis, several portfolios of projects were developed. Those portfolios are discussed further in 
Section 13: Results.  

Several metrics were calculated for each portfolio, and the results were compared. These calculations 
are detailed in Section 15: Benefits. From that comparison, Robust Plan 1 was selected. The line 
components of Robust Plan 1 are listed below (additional transformers are listed in Appendix A2: 
Transmission Portfolios & Cost Estimates). 

Robust Plan 1 Elements kV State 

Post Rock - Elm Creek - Jeffrey Energy Center 345 KS 

N.W. Texarkana - Ft. Smith 345 AR 

Ft. Smith - Chamber Springs 345 AR 

Dolet Hills - Messick 345 LA 

Turk - McNeil 345 AR 

Iatan - Jeffrey Energy Center 345 KS 

Wichita - Viola - Rose Hill 345 KS 

Spearville - Mullergren - Circle - Reno 345 KS 

Cass Co. - S.W. Omaha (aka S3454) 345 NE 

Gentleman - Hooker Co. - Wheeler Co. 345 NE 

Tolk - Potter Co. 345 TX 

Grand Island - Wheeler Co. rebuild
2
 345 NE 

Hitchland - Potter Co. 345 TX, OK 

Woodward District EHV - Woodring 345 OK 

Mingo - Post Rock 345 KS 

Holt - Hoskins - Ft. Calhoun 345 NE 

Ft Calhoun - S3454 345 NE 

                                                
2
 Rebuild from 720 MVA to 1,195 MVA. 
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Robust Plan 1 Elements kV State 

Tuco - Amoco - Lea County - Hobbs 345 NM, TX 

Keystone - Ogallala 345 NE 

Wheeler Co. - Shell Creek 345 NE 

Elements of Robust Plan 1 

Robust Plan 1 meets the following goals and is the right step towards the development of a 
transmission grid which will best accommodate the impacts of all four futures: 

 Integrating west to east transfers 

 Supporting Aggregate Transmission Service Studies 

 Supporting Generation Interconnection queue   

 Relieving known congestion 

The plan is a high performer on most of the metrics and also yields a high Adjusted Production Cost-
based Benefit to Cost ratio (APC-based B/C). The estimated annual transmission construction cost of 
Robust Plan 1 is $2.45 billion3 in engineering and construction costs (E&C). The annualized carrying 
charge is $417 million4 with annual quantifiable benefits of $1.8 billion and a 40-Year APC-based B/C of 
4.06.   

In addition to the APC derived benefit, Robust Plan 1 provides substantial qualitative improvement.  A 
presentation of these enhancements and the APC savings is included in Section 15: Benefits of this 
report. 

 Providing a Competitive Environment in 
SPP Markets 

 Increasing System Reliability 

 Preparing for Unexpected Shifts in Load 

 Anticipating Import and Export 
Opportunities 

 Broadening Resource Siting Options 

 Valuing Cleaner Air 

 Reducing Risk through Responsible Land 
Usage 

 Increasing Efficiency with Reduced 
Transmission Losses 

This plan enables SPP to respond to potential 
state and federal policy initiatives such as an RES 
or carbon mandate. Robust Plan 1 provides transmission upgrades in eight states in the SPP footprint. 
In addition to the previously described quantitative and qualitative value, the plan also addresses the 
SPPTôs goals for transmission development for the ITP:   

 Focus on regional needs, while considering local needs 

 Better position SPP to proactively prepare for and respond to national priorities while providing 
flexibility to adjust expansion plans  

 Incorporate a 20-year physical modeling and 40-year financial analysis timeframe 

                                                
3
 $2.45 billion cost and $637 million in quantifiable benefit are given in real 2010 dollars. 

4
 For this calculation an annual carrying charge rate of 17%. 
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 Design a backbone transmission system to serve known load with known resources in a cost-
effective manner 

At wind levels above 12 GW, analysis indicated that the system requires substantial reactive 
compensation beyond reasonable 345 kV design ability. Wind levels in SPP are currently at 4 GW, the 
adoption of an RES could increase the wind levels beyond this 12 GW to 16.5 GW in future years. To 
achieve the current renewable targets (Business as Usual future), a robust 345 kV network is required. 
Robust Plan 1 will allow the region to support the Business as Usual future. In the event that higher 
renewable levels are required, this plan will additionally serve as a strong base to connect future 765 
kV development to the underlying system. Therefore, staff recommends the adoption of Robust Plan 1 
and additionally recommends that 765 kV transmission be considered for wind levels beyond the 12 
GW. 

On January 11, 2011, the Markets and Operations Policy Committee accepted the 2010 ITP20 Report 
and endorsed the ITP20 Cost Effective Plan. 

On January 25, 2011, the SPP Board of Directors approved the 2010 ITP20 Report and approved the 
ITP20 Cost Effective Plan. 
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Section 1: Introduction 

1.1: The 20-Year ITP 

The 20-Year Integrated Transmission Plan (ITP20) is SPPôs new long-term planning process, designed 
to go beyond previous transmission plans by incorporating new value metrics that will allow 
transmission to become an enabling solution to regional and national issues and extend the study 
horizon from ten years to twenty years.  

This report is the first of the ITP20 studies and focuses on the year 2030 (20 years from 2010). The 
ITP20 study focused on the continued design of the SPP regionôs EHV system and development of a 
backbone system that would provide flexibility and value to SPPôs members. 

1.2: Policy Considerations 

In April 2010, SPP published its Priority Project analysis, which included SPPôs most recent planning 
effort. In that analysis, renewable energy scenarios were developed which considered wind resources 
within SPP needed to meet SPP states' respective RES targets or goals, and to meet a 20% federal 
RES.  

Since the Priority Project analysis was completed, a number of public policy initiatives have been 
approved which impact the electric utility industry. Oklahoma has set a goal of 15% renewable 
capacity5 by 2015 and Missouri regulators approved rules implementing Proposition C, a statewide 
initiative for a 15% RES by 2021. In September 2010, the bipartisan Governors' Wind Energy Coalition 
- representing 26 states including Arkansas, Kansas, New Mexico, and Oklahoma - sent a letter to 
Senate leaders urging them to pass a strong RES. A bipartisan bill was filed in the Senate on 
September 21 that would establish a nationwide 15% RES by 2021.  

Public policy initiatives related to RES and governmental regulation of emissions, environmental 
impacts, and public health could affect the future of long-term transmission planning. For instance, in 
June 2010, the Environmental Protection Agency (EPA) announced an emissions standard that will 
impact coal-fired electric generation facilities. Under this new standard, emissions from power plants 
and other industrial facilities will be required to meet a new ñ1 hour standardò designed to reduce short-
term exposure to Sulfur Dioxide (SO2). Additionally in 2010, the EPA opened rulemaking dockets to 
develop and implement standards to reduce the transfer of SO2 and nitrogen oxide (NOx) through the 
air and to regulate coal-ash, which is a by-product of traditional electric generation processes. These 
proposed rules, once implemented, will have an associated compliance cost which will be borne by 
industry participants and ratepayers.  

Pending climate change legislation may also impact the industry. According to a July 27, 2010 North 
American Electric Reliability Corporation (NERC) report, Reliability Impacts of Climate Change 
Initiatives, ñMeeting carbon emission targets will have significant and varying regional impacts. In some 
cases, resource portfolios would be dramatically changed due to different energy supply characteristics, 
and regional resource availability and agreements, along with other aspects that are not under federal 
jurisdictionéSystem planners will need to change their approaches to ensure that operational flexibility 
is available to integrate variable plants, along with other location-constrained resources.ò  

A recent appeal filed with the United States Supreme Court has challenged the authority of traditional 
venues to deal with climate change issues. In September 2010, Attorneys General from a dozen states, 
including Arkansas, Kansas, and Nebraska, filed a brief requesting Supreme Court review of AEP v. 
Connecticut6. This case involves the right of courts to assert jurisdiction over particular cases involving 

                                                
5
 Correction made on 6-30-2011; the Oklahoma RES is a goal, not a mandate. 

6 See Connecticut v. Am. Elec. Power Co., 582 F.3d 309 (2d Cir. 2009), petition for cert. filed, (U.S. Aug. 2, 2010) (No. 10-

174). 
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issues traditionally delegated to the legislative or executive branches of government, such as the 
regulation of emissions. The outcome of this case may allow a state or private citizen to sue a utility 
directly in a state or federal court for determination of issues related to climate change. 

In June 2010, FERC opened a Notice of Proposed Rulemaking (NOPR), Transmission Planning and 
Cost Allocation by Transmission Owning and Operating Public Utilities (FERC Docket RM10-23) to 
address multiple issues related to transmission planning and cost allocation. Numerous comments 
have been filed in response. The NOPR proposed rule would: (1) Provide that local and regional 
transmission planning processes account for transmission needs driven by public policy requirements 
established by state or federal laws or regulations; (2) Improve coordination between neighboring 
transmission planning regions with respect to interregional facilities; and (3) Remove from FERC-
approved tariffs or agreements a right of first refusal created by those documents that provides an 
incumbent transmission provider with an undue advantage over a non-incumbent transmission 
developer.  

The dialogue on these and numerous other public policy issues continues to evolve among legislators, 
businesses, state and federal regulators, industry organizations, and interested parties, all with different 
and often widely disparate views. The complexity of incorporating such considerations will be 
challenging. For instance, transmission providers, particularly RTOs serving multiple states, will be 
required to consider and balance the needs and interests of multiple and sometimes conflicting public 
policy mandates. Clarity in public policy is illusive, and this lack of clarity has resulted in minimal, if any, 
public policy impacts in the result of the ITP20 report. 

1.3: Process Development Background 

Synergistic Planning Project Team 
The ITP resulted from the efforts of the Synergistic Planning Project Team (SPPT) to improve SPPôs 
transmission planning processes. This report, the first ITP20 report in a cycle designed to repeat every 
three years, addresses the SPPTôs goals: 

 Focus on regional needs, 

 Better position SPP to proactively prepare for and respond to national priorities while providing 
flexibility to adapt expansion plans 

 Incorporate a 20-year physical modeling and 40-year financial analysis timeframe 

 Design a backbone transmission system to serve known load with known resources in a cost-
effective manner: 

ü Enhance interconnections between SPPôs western and eastern regions 

ü Strengthen existing ties to the Eastern Interconnection 

ü Provide options for planning and coordination to the Western Electricity Coordinating 
Council (WECC) and the Electric Reliability Council of Texas (ERCOT) grids in the future 

Questions and Comments 
SPP encourages all stakeholders to commit to involvement in and providing input to its study 
processes. Requests for further information, data, and comments pertaining to this report should be 
directed to the SPP Economic Studies department at planning@spp.org. Stakeholders that have 
provided comments throughout the study process can find their feedback and staff comments on 
SPP.org7 

                                                                                                                                                                   
 
7
 SPP.org > Engineering > Integrated Transmission Planning > ITP20 Stakeholder Feedback and SPP Comments 

mailto:planning@spp.org
http://www.spp.org/section.asp?group=1995&pageID=27
http://www.spp.org/section.asp?group=1995&pageID=27
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1.4: How to Read This Report 

Report Sections 
This report is divided into multiple sections. Part I addresses the concepts behind this studyôs approach, 
key procedural steps in development of the analysis, and overarching assumptions used in the study. 
Part II describes each study step, empirical results, and conclusions. Part III addresses the portfolio 
specific results and discusses the robustness metrics and stability results in detail. Part IV includes 
detailed data and holds the reportôs appendix material.  

Accurately Viewing this Document 
In the program used to view this PDF (Adobe Reader 9 is recommended) reset the Page Display 
resolution preference to 220 pixels/inch using the following the menus: Edit > Preferences > Page 
Display > Custom resolution. This will ensure that all maps and images retain their clarity. 

Supporting Documents 
Development of this study was guided by the supporting documents noted below. These living 
documents exist beyond the completion of this study, and will provide structure for future ITP20 studies: 

 SPP ITP 20 Scope / Timeline8 

 SPP ITP Manual9 

 SPP Robustness Metrics Procedural Manual10 

 SPP Futures for ITP Year 20 Assessment8 

 Black & Veatch ITP 20 Generator Resources Report11 

All referenced reports and documents contained in this report are available on SPP.org. 

Appendices 
The appendices contain information vital to the report conclusions. Highly detailed data, such as the 
outputs from powerflow simulations, are not included unless otherwise specified.  

 Appendix A1: Transmission Projects Evaluated 

 Appendix A2: Transmission Portfolios & Cost Estimates 

 Appendix A3: Metric Results 

 Appendix A4: High Resolution Map Images 

 Appendix A5: Resource Siting and Plans 

 Appendix A6: Results of the CAWG Survey 

 Appendix A7: Limited Reliability Assessment 

 Appendix A8: ITP20 Stability Analysis 

 Appendix A9: Rate Impact & Unintended Consequences Tables 

 Appendix A10: Frequently Asked Questions 

 Appendix A11: ITP20 Report Glossary 

                                                
8
  SPP.org > Engineering > Transmission Planning > Integrated Transmission Planning > ITP 20-Year Assessment  

9
  SPP.org > Engineering > Transmission Planning > ITP Manual  

10
  SPP.org > Engineering > Transmission Planning > Robustness Metrics Manual 

11
  SPP.org > Engineering > Transmission Planning > Integrated Transmission Planning > ITP20-Year Assessment 

http://www.spp.org/
http://www.spp.org/publications/Futures-for-ITP-Year-20-Assessment.doc
http://www.spp.org/publications/Draft%20Integrated%20Transmission%20Planning%20Manual.doc
http://www.spp.org/publications/Draft%20Robustness%20Metrics%20Manual.docm
http://www.spp.org/publications/ITP-20%20Generator%20Resources%20Report%2008222010.doc
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 Appendix A12: ITP20 Figures & Tables 

Confidentiality and Open Access 
Proprietary information is frequently exchanged between SPP and its stakeholders in the course of any 
study, and was extensively used during ITP20 development. This report does not contain confidential 
marketing data, pricing information, marketing strategies, or other data not acceptable for release into 
the public domain. This report does disclose planning and operational matters, including the outcome of 
certain contingencies, operating transfer capabilities, and plans for new facilities as those are 
considered non-sensitive data.  
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Figure 2.1: Alternative 5 EHV Overlay 

 

 

Section 2: Evolution and Direction of EHV Transmission 
Planning 

2.1: Historical Evolution 

The ITP20 study process incorporated elements from four key studies performed by SPP; it will 
continue to mature through each successive ITP20 cycle. Past SPP studies such as the EHV Overlay, 
Wind Integration Task Force, Balanced Portfolio, and Priority Projects were designed by the 
organizationôs stakeholders to improve planning and operational aspects of the SPP 
grid. These studies shared several key goals that have been 
incorporated into the ITP20 study process as part of the 
Synergistic Planning Project Teamôs vision for an 
Integrated Transmission Plan.  

SPP staff and stakeholders approached the 
ITP20 with goals of improving grid flexibility 
and cost-effectiveness, increasing reliability, 
preparing for future needs, and integrating 
SPPôs western and eastern sections by 
developing a robust transmission system. 
The ITP20 process aims to incorporate 
these diverse goals into a consistent study 
cycle.  

2.2: EHV Overlay Study 

2007 EHV Overlay Report 
This June 2007 report, prepared by 
Quanta Technology and PowerWorld, provided a long-
range, strategic assessment, resulting in a plan to meet 
SPPôs future reliability and capacity needs through use 
of a 345 kV, 500 kV, and 765 kV or higher transmission 
system overlaying the SPP footprint. It also assessed 
potential integration with neighboring systems. 

The study team developed a screening methodology to 
test many different line configurations. Detailed analysis 
using on-peak cases was performed on six different 
alternatives. Alternative 5, the 765 kV plan shown in 
Figure 2.1, was judged to be the top performing 
alternative based on the final analysis. 

Alternative 5 projects were determined to provide an 
EHV backbone that would maintain reliability for SPP 
members and communities; increase the import and 
export capabilities of SPP to ERCOT, WECC and the 
Eastern Interconnection; and result in the lowest line 
losses on peak when compared to the other five 
alternatives. The full report is available on SPP.org.    

http://www.spp.org/publications/spp_ehv_study_final_report.pdf
http://www.spp.org/publications/spp_ehv_study_final_report.pdf
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Figure 2.3: Cost Comparison of 345 kV and 765 kV ï 
2008 Study 

 

 

 
Figure 2.2: Mid Point Design 4 

 

 

Updated SPP EHV Overlay Report  
Quanta Technology published a revised EHV Overlay report in March 2008, which evaluated the effects 
of intensifying wind development activity in portions of the SPP system. The update was based on the 
EHV recommendation developed in the 2007 EHV Overlay Study. The updated study incorporated 
decisions regarding the development of certain lines in the western portion of SPPôs 2006 ñX Planò 
(Kansas/Panhandle Sub-Regional Transmission Study). 

Quanta Technology evaluated a variety of options to adjust the top-performing design (Alternative 5) 
from the original EHV Overlay Study. Four designs were developed, and their performance was 
compared. Mid Point Design 2 and Mid Point Design 4 (Figure 2.2) were recommended for inclusion in 
the SPP economic benefits evaluation reported in the 2008 SPP EHV Overlay Report. Quanta 
Technology recommended that all designs be included in the Joint Coordinated System Planning 
discussions and be considered in inter-regional analysis.  

Mid Point Design 2 and Mid Point Design 4 were top-
performing designs for the following reasons: 

 Provided the best ratio of performance/cost 

 Responded as flexible designs that provided 
beneficial reliability reinforcement to key load 
centers such as Oklahoma City, Kansas City, 
and Wichita 

 Showed the ability to extend interconnections 
to the east effectively over a variety of different 
paths 

 Supported the ability of SPPôs members, 
stakeholders, states, and communities within its 
territory to become leading providers of 
renewable energy to the U.S. 

The updated EHV Study developed a construction 
sequence for the EHV Overlay projects. Quanta 
Technology identified three main construction 
packages. The study recommended that projects in Package 1 be constructed for initial operation at 
345 kV with ultimate operation at 765 kV. Key construction trigger levels for projects in Package 1 were 
also identified. 

As seen in Appendix 4 of the Updated EHV Overlay Study, Quanta Technology performed an 
evaluation of a 345 kV build out for the SPP Overlay. The 
project team used the model from the original EHV Overlay 
Study and created a plan that used the same terminations 
and achieved roughly the same level of performance as the 
top-rated design (Alternative 5) from the original EHV 
Overlay study. 

To achieve performance similar to Alternative 5, the 345 kV 
design required twenty-eight lines, compared to Alternative 
5ôs nine lines. The on-peak losses for the 345 kV design 
was 2,467 MWs versus 2,312 MWs for Alternative 5. Using 
the cost estimates from the 2007 study, the transmission 
line-only cost estimate for the 345 kV package was $3.29 
billion compared to an estimated $3.25 billion for the 
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Figure 2.4: Phase 3 - EHV Overlay 

 

 

transmission lines in Alternative 5 (Figure 2.3). The full report is available on SPP.org. 

December 2008 SPP EHV Overlay Report 
SPP continued to study the EHV Overlay and published a follow-up report in December 2008. The 
study was an effort to quantify the benefits of a 765 kV EHV Overlay expansion in the SPP footprint. 
The study focused on the economic impact of the 765 kV EHV Overlay, going beyond the original 
reliability impact and feasibility studies completed in the two previous EHV Studies. Adjusted 
Production Costs (APC) savings were used to measure the impact of the 765 kV EHV Overlay 
expansion to a particular zoneôs production cost, taking into account economic purchases and sales of 
energy between entities.  

The study considered three futures of wind expansion in SPPôs region. The first future, the low wind 
scenario, considered 3.3 and 6.6 GW in 2017 and 2027. The second future, the expected wind 
scenario, considered 7 and 13.5 GW in 2017 and 2027. The third future, the high wind scenario, 
considered 10.5 and 21 GW in 2017 and 2027. APC analysis was used to determine the expected 
benefit of transmission expansion projects.  

The report showed that a group of 765 kV transmission expansion projects that would accommodate 
13.5 GW of wind integration in the 2027 expected wind 
scenario provided a benefit-to-cost (B/C) ratio greater 
than 1. A sensitivity analysis that included an extension 
of the overlay into Nebraska showed a B/C ratio 
greater than 1 as well. 

Figure 2.4 from the 2008 SPP EHV Overlay Report 
shows the EHV build-out for 2027 with 15.5 GW of 
expected wind development following the integration of 
facilities in Nebraska. The full report is available on 
SPP.org. 

2.3: Wind Integration Task Force 

The Market and Operations Policy Committee (MOPC) 
voted to fund a study to review the operational effects 
of wind on the entire SPP footprint. This study would 
complement other studies being conducted to consider 
the effects of additional wind generation in various 
areas of the SPP footprint. To this end, the MOPC 
approved the formation and charter of the Wind 
Integration Task Force (WITF) in 2008.  

The WITF conducted studies and reviewed previous studies to determine the impact of integrating wind 
generation into SPPôs transmission system and energy markets. These impacts were both planning and 
operational in nature.  

The goal of the study was to identify the challenges of integrating high levels of wind into the SPP 
transmission system. Charles River and Associates (CRA) performed the study for the year 2010 with 
the assumption that SPP would operate as a single Balancing Authority (BA) with a co-optimized 
energy and Day Ahead market. Three wind penetration levels were studied, and each was compared to 
the current system conditions (Base Case, with approximately 4% wind penetration). The three 
penetration levels were 10%, 20%, and 40% by annual energy (10% Case, 20% Case, and 40% Case, 
respectively). Detailed studies were performed on the 10% and 20% Cases. The 40% Case was 
examined in those portions of the study that related to wind characteristics. Table 2.1 shows the wind 
generation capacity for each wind penetration level. 

http://www.spp.org/publications/spp_ehv_study_final_report.pdf
http://www.spp.org/publications/Quanta_Technology_March_2_2008_Update_to_the_EHV_Study_Final_Report.pdf
http://www.spp.org/publications/2008%20SPP%20%20EHV%20Overlay%20Report_DRAFT_12_26_08_FINAL.pdf
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Figure 2.5: Balanced Portfolio 

 

 

  Base Case 10% Case 20% Case 40% Case 

Number of Wind Farms 4 69 100 142 

Installed Nameplate Wind Capacity (MW) 2,877 6,840 13,674 25,003 

Wind/Non-Wind Nameplate Capacity Ratio 0.046 0.109 0.217 0.397 

Table 2.1: Wind Generation Capacity in WITF Study 

To meet the studyôs objective, it was necessary to identify transmission upgrades needed to 
accommodate the studied wind power additions with minimal curtailment. The study was not treated as 
an economic study; economic optimization, such as an analysis of the tradeoff between building 
transmission upgrades and curtailing wind, was not performed. The transmission upgrades 
implemented in the study were based on the assumed wind plant locations and sizes. 

The study led to the identification of transmission upgrades needed to accommodate the wind plant 
additions associated with each penetration level. The transmission upgrades were studied using 
several different approaches, including voltage analysis, dynamic stability analysis, and available 
transfer capability (ATC) analysis. The results of the wind characteristics analysis and transmission 
analysis were used to analyze the impact of wind power on ancillary services (reserves in particular), as 
well as their impact on the dynamic system operations via a production simulation. The production 
simulation analyzed the effects of increased wind power on congestion patterns, unit commitment and 
dispatch decisions, and forecasting errors. Additionally, intra-hour simulations were performed for a 
selected day to address the challenges of wind variability.  

Due to wind generation resources being primarily concentrated in the western portion of the SPP 
footprint, the increase in the wind penetration level caused changes in the power flow patterns requiring 
upgrades and/or reconfigurations to the transmission system. In particular, the power flows from 
western SPP to eastern SPP increased significantly. A number of transmission expansions were 
required to accommodate the increased west-to-east flows while meeting the reliability standards of the 
SPP Criteria. They included new transmission lines totaling 1,260 miles of 345 kV and 40 miles of 230 
kV lines for the 10% Case. For the 20% Case, an additional 485 miles of 765 kV, 766 miles of 345 kV, 
205 miles of 230 kV, and 25 miles of 115 kV lines were needed. 

The study found that, with all needed transmission upgrades in place, integrating the levels of wind 
studied in the 10% and 20% Cases could be attained without adversely impacting SPP system 
reliability. Although localized voltage issues and 
transmission congestion were observed, average wind 
curtailment levels were around 1% for both the 10% 
and 20% Cases.  

The analytical results of the study showed there were 
no significant technical barriers to integrating wind 
generation to a 20% penetration level into the SPP 
system, provided that sufficient transmission would be 
built to support it. The study, however, did not include 
an optimization of the level of transmission expansion 
required to support wind integration. The full report is 
available on SPP.org. 

2.4: Balanced Portfolio 

The Balanced Portfolio12 was an SPP strategic 
initiative to develop a cohesive group of economic 
upgrades that would benefit the SPP region, with a 

                                                
12

 See SPP Open Access Transmission Tariff (ñSPP OATTò) Attachment J, Section IV. 

http://www.spp.org/publications/2010.zip
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Figure 2.6: Priority Projects 

 

 

cost component of allocating upgrade costs regionally. The economic upgrades in the Balanced 
Portfolio were intended to reduce congestion on the SPP transmission system, resulting in savings in 
generation production costs. The economic upgrades could also provide potential additional benefits to 
the power grid such as increasing reliability and lowering required reserve margins, deferring reliability 
upgrades, and providing environmental benefits due to more efficient operation of assets and greater 
utilization of renewable resources.  

The Balanced Portfolio of projects was approved by the SPP Board of Directors in April 2009, pending 
issuance of the Balanced Portfolio report. In June 2009, SPP issued Notification to Construct (NTC) 
letters for the approved projects. The full report and NTCs are available on SPP.org. 

2.5: Priority Projects 

In April 2009, SPP was directed by the SPP Board of Directors to implement the Synergistic Planning 
Project Teamôs recommendations for creating a robust, flexible, and cost-effective transmission system 
for the region which was large enough in both scale and geography to meet SPPôs future needs. The 
development of Priority Projects was one major recommendation; the others were to develop the ITP 
process that improves and integrates SPPôs existing planning processes, and to implement a new cost 
allocation methodology. 

SPP was charged with identifying, evaluating, and recommending Priority Projects that would improve 
the SPP transmission system and benefit the region while specifically targeting projects that would 
reduce grid congestion, improve the Generation Interconnection and Aggregate Study processes, and 
better integrate SPPôs eastern and western regions. The Priority Projects were intended to be an 
interim measure while the ITP process13 was developed to ensure momentum gained from past studies 
and current processes would not be lost, and to tie the eastern and western sections of the region 
together. 

In April 2010, the SPP Board of Directors and Members Committee approved for construction Priority 
Projects estimated to bring benefits of at least $3.7 billion to the SPP region over 40 years. The projects 
will improve the regional electric grid by reducing congestion, better integrating SPPôs east and west 
regions, improving SPP membersô ability to deliver power to customers, and facilitating the addition of 
new renewable and non-renewable generation to the 
electric grid. The full report is available on SPP.org. 

 

 

  

                                                
13

 See SPP OATT Attachment J, Section III, 5 and Attachment O Sections I and III. 

http://www.spp.org/section.asp?group=1582&pageID=27
http://www.spp.org/publications/2009%20Balanced%20Portfolio%20-%20Final%20Approved%20Report.pdf
http://www.spp.org/section.asp?group=1582&pageID=27
http://www.spp.org/section.asp?group=1582&pageID=27
http://www.spp.org/publications/Priority-Projects-Phase-II-Final-Report.pdf
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From  To Distance (mi) 

Wichita, KS Oklahoma City, OK 150 

Tulsa, OK Topeka, KS 200 

Amarillo, TX Oklahoma City, OK 250 

Shreveport, LA Oklahoma City, OK 300 

Lincoln, NE Fayetteville, AR 350 

Oklahoma City, OK Omaha, NE 400 

Amarillo, TX Kansas City, MO 480 

Lubbock, TX Topeka, KS 500 

Lincoln, NE Texarkana, TX 525 

West Kansas Wind Kansas City, KS 270 

Oklahoma Panhandle Wind Fort Smith, AR 340 

Southwest Oklahoma Wind Shreveport, LA 330 

Table 3.1: Distances within the SPP System 

Section 3: Utilization of 345, 500, or 765 kV 

3.1: Voltage Levels  

The ITP20 focuses on developing a long-term EHV transmission backbone for the SPP system. When 
developing the plan, much consideration was given to the voltage level that would be selected for the 
projects. Options included the use of 345 kV, 500 kV or 765 kV.  

3.2: EHV Design Considerations 

When considering the design of an EHV grid, many factors must be considered, such as contingency 
planning, typical line lengths, line loadability, capacity requirements, voltage, reliability, cost, asset life, 
and operational issues.  

N-1 NERC Reliability Standards 
SPP designs and operates its transmission system to be capable of withstanding the next transmission 
outage that may occur ï this is called ñN-1ò planning and is in accordance with NERC planning 
standards. Due to N-1 planning, any EHV network must be looped so that if one element of the EHV 
grid is lost, a parallel path will exist to move that power across the grid and avoid overloading the 
underlying transmission lines. One EHV line does not provide much in the way of benefit, as it would be 
assumed to be out of service during a contingency in planning and operational studies. 

Distances within the SPP System 
Line lengths are another factor when considering EHV transmission systems. The length of a 
transmission line affects its performance in terms of voltage, loadability, and stability. In the SPP region, 
the longest line currently in service is the 165 mile Eddy Co. to Tolk 345 kV. Distances between some 
metropolitan areas in the SPP footprint 
are listed in Table 3.1; approximately 
500 miles is the longest distance within 
the system. However, EHV line lengths 
are likely to be in the 200 to 400 mile 
range.  

When considering line length, it is 
necessary to consider the proximity of 
generation to load on the system. In the 
current SPP system, generation is 
generally located close to load centers. 
As wind capacity increases, some 
generation will concentrate in areas of 
high wind potential towards the western 
part of the system. Figure A5.7 in 
Appendix A5: Resource Siting and 
Plans shows the distance from the high 
wind locations to these western cities. It will become necessary to connect this generation with lines 
that are capable of moving power to the eastern portion of the system where the major load centers are 
located.  

Line Length and Loadability 
A lineôs length impacts its performance. A transmission lineôs loadibility can be estimated based on its 
length, voltage level, and the type of conductors utilized. A Surge Impedance Loading (SIL) level can 
be determined based on those parameters. When loadability is expressed in terms of SIL, a single 
curve known as the ñSt. Clair curveò can be used to estimate the maximum permissible loading for a 
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Figure 3.1: Line Loadability Curve 

 

given line length.14  This measure takes into consideration practical limitations such as voltage drop and 
steady-state stability, thus providing greater insight into a line's actual transfer capability. Figure 3.1 
shows the extended St. Clair curve. The curve is accompanied by a listing of common transmission line 
designs. The SIL of a new 765 kV line is about 2,400 MW.  

The extended St. Clair curve illustrates 
that as line length increases, loadability 
decreases. The decrease in loadability 
can be countered by using higher 
voltage transmission for longer 
distances.  

Capacity Needs 
In addition to loadability, capacity needs 
should be considered when designing 
EHV transmission. Generally, higher 
capacity lines are desired for their ability 
to move power across long distances. 
The typical capacity of a 345 kV line in 
the SPP system is 1,195 MVA and 
recently approved lines will use higher 
capacities of 1,792 MVA. Using double-
circuit 345 kV or a higher voltage such 
as 765 kV will increase the capacity of 
those lines (see Table 3.2. When 
considering EHV designs, system 
voltage can be a factor in selecting the 
design.  

Voltage Support 
A transmission line can either support 
voltage (producing vars) or require 
voltage support from other reactive 
devices (consuming vars), depending its 
loading level. In either case, transmission 
system design should account for these 
factors. Under light-load conditions, 
system voltages may rise due to vars 
being produced from long EHV lines. 
Shunt reactors would be necessary to help mitigate the rise in voltage. Some lines may need additional 
support to allow more power to flow through them. Series capacitors may be added to increase the 
loadability of a transmission line. However, the addition of series compensation can complicate 
operations and may lead to stability concerns. 

Construction Cost 
Cost plays a factor in EHV grid design. Lower-voltage designs cost less to construct initially. Higher 
voltage lines have a larger initial investment but provide significantly higher capacity and more flexibility 
in bulk power transport. Lower voltage lines offer more flexibility to act as a collector system for wind 
generation. A 345 kV substation connection is considerably less costly than a 765 kV connection for a 
generator due to the costs of the step-up transformers. Along with the initial cost, the lifetime of the 

                                                
14

 R.D. Dunlop, R. Gutman and P.P. Marchenko, ñAnalytical Development of Loadability Characteristics for EHV and UHV 
Transmission Lines,ò IEEE Transactions on Power Apparatus and Systems, Vol. 98, No. 2, March/April 1979. 






















































































































































































































































































































































