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1 Executive Summary 
 
This EHV Restudy was performed to evaluate the affect of intensifying wind 
development activity in portions of the SPP system on the EHV recommendation that 
Quanta Technology1and PowerWorld developed in the previous EHV Overlay Study 
conducted in the spring of 2007.  This EHV Restudy also incorporated recent decisions 
regarding the development of certain lines in the western portion of the SPP X-plan.   
 
Quanta Technology evaluated a variety of options to adjust the top performing design 
(Alternative 5) from the original EHV Overlay Study.   Ultimately four designs were 
developed and their performance was compared.  Of the designs discussed in this report, 
Mid Point Design 2 and Mid Point Design 4 were recommended for inclusion in the SPP 
economic benefits evaluation study.  Quanta Technology recommends that all of the 
designs be included in the Joint Coordinated System Planning discussions and considered 
in inter-regional analysis.   
 
Mid Point Design 2 and Mid Point Design 4 were top performing designs for the 
following reasons: 

�  Best ratio of performance/cost 
�  Flexible designs that provide beneficial reliability reinforcement to key load  

centers such as Oklahoma City, Kansas City and Wichita 
�  Ability to extend interconnections to the east effectively over a variety of different 

paths. 
�  Supports the ability of SPP, its members, its stakeholders, States and communities 

within its territory to become leading providers of renewable energy to the US. 
 
The EHV Restudy also developed a construction sequence for the construction of the 
EHV Overlay.  Quanta Technology identified three main construction packages.  The 
study recommends that the projects in package 1 be constructed for ultimate operation at 
765 kV.  The studies indicate that these projects can be initially operated at 345 kV.  The 
study also identified key trigger levels for the projects identified as part of Package 1.   
 
 
 

                                                 
1 Known as InfraSource Technology at the time of the original EHV Overlay Study in Spring of 2007. 
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2 Restudy Objectives 
 
The purpose of this EHV Overlay Restudy was to re-evaluate the recommendation from 
the original EHV Overlay Study performed in spring of 2007 in light of the following 
recent developments: 
 

1. Significantly increased interest in developing wind generation in the SPP service 
territory, especially in the panhandle of Texas, western Oklahoma and western 
Kansas. 

2.  Project approvals for key lines in the western portion of the SPP X-Plan. 
 
In addition, this study was to develop a suggested implementation sequence for the EHV 
Overlay.   
 

3 Restudy Methodology  
 
For the EHV Overlay Restudy, the project team started with the study case and 
assumptions from the original EHV Overlay Study.  The team then adjusted the model to 
reflect load growth to the year 2027.  Finally, the team adjusted the wind generation in 
the model to reflect the changing expectations on wind farm development in the SPP 
service territory.  A mid point level of wind development was selected for the model.   
 
Using this model, the top recommendation from the original EHV Overlay Study was 
used as the starting point for refining the designs.  The team tested a series of different 
termination points and system configurations.  The performance of these different 
configurations was compared.  Based upon these efforts, four designs were developed for 
detailed analysis. 
 
Similar to the previous study, 4 future cases (base future, high wind, no new nuclear 
generation, and high new nuclear generation) were developed to understand how each 
design may accommodate the alternative future. 
 
Finally, sensitivities were run on the base future to understand how changes to the key 
assumptions may impact the performance of the system.  These sensitivities were high 
load growth, low load growth, coal retirements and high wind generation. 
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4 Assumptions in EHV Restudy 

 4.1 Previous Study Assumptions 
 
For the EHV Restudy, Quanta Technology and SPP agreed to re-use the assumptions 
from the previous study where there was no practical reason for change. All assumptions 
were reviewed, but many of the assumptions from the earlier study were still valid for the 
EHV Restudy. Following is a brief summary of the assumptions adopted from the 
previous study.  Detailed discussion of the basis of these assumptions is found in 
Appendix C of the June 27, 2007 revision of the Final Report on the Southwest Power 
Pool EHV Overlay Project.  A copy of the report is found at the following link:  
http://www.spp.org/publications/spp_ehv_study_final_report.pdf .  
 
Load Growth Assumptions: 

�  Ten year forecasted load growth rates based on the analysis performed by SPP 
and verified with the applicable LSE’s.  For the EHV Restudy, the load was 
increased using the same load growth assumptions for years prior to the 202X 
horizon.  A review of the load forecast assumptions was made, including data 
now available for the warm 2007 summer, but this updated review did not 
indicate a reason for adjustment.   

 
Demand Side Assumptions: 

�  Low load growth sensitivity to explore possible impacts of demand side 
management and energy efficiency programs.   

�  The low load growth sensitivity was also used to capture effects of DSM 
programs/new technologies (efficiency improvements, conservation efforts, smart 
meters and innovative rate designs) 

 
Generator Retirement Assumptions: 

�  Coal plants over 40 years old & less than 250 MW was retired.   
 
Incremental Generation Base Load Assumptions: 

�  For new generation required beyond that provided by wind, a blend of 60% coal, 
20% nuclear & 20% natural gas was assumed.  (Note:  a similar mix exists today 
in the SPP footprint.) 

 
Other Economic Assumptions: 

�  Fuel prices from publicly available sources 
�  Energy markets developing throughout eastern interconnect 
�  Energy storage not explored 

 
Cost Estimates: 

�  The 2007 cost estimates used in the original Overlay Study were reused for this 
study.   The costs were inflated by 5% to reflect 2008 dollars.   
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 4.2 SPP Stakeholder Survey 
In fall 2007, SPP developed a stakeholder survey to ascertain the SPP stakeholders’ 
views on the future regulatory and operational constraints that should be factored into any 
long-term planning study for the region.  The results from the survey were used by 
Quanta Technology to refine the wind model used for the EHV Restudy.  Please see 
section 4.3.4 for a detailed discussion of some of the survey findings.   

 4.3 Wind Model 

4.3.1 Previous Study 
Since the 2007 study, developers have shown an increasing interest in building wind 
farms in the SPP footprint.  In the 2007 study, the SPP generation queue had 
approximately 12,000 MWs of wind generation desiring to interconnect.  Much of that 
wind generation was located in the Texas panhandle. Based upon that information, the 
model used in last years’ study was set up to capture injections of wind at the following 
locations: 
 

 
Figure 1:  Location of Wind in spring 2007 Study 

 

 4.3.2 SPP Generation Queue 
 
By mid-November, 2007, major increases in wind had occurred in the SPP Queue.  By 
that time, wind farm interconnection requests had grown to 19,690 MWs.  The status of 
the wind generation was broken down as follows: 
 

 
Figure 2:  Status of Wind in SPP Queue - Nov 07 

 
In addition to the increased amount in the queue, the proposed wind developments had 
also shifted geographically.  The developers were now showing more interest in  
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locations in western Oklahoma and western Kansas.  The state-by-state break down for 
wind in the November 2007 queue was follows:   
 

 
Figure 3:  Wind Locations in SPP Queue - Nov 07 

 
Comparisons between the previous study model and the SPP generation queue were 
striking.  In the previous study, the Harrington, Potter and Tuco locations accounted for 
11,000 MWs of wind in the model.  Based upon the November 2007 queue, the Texas 
wind interconnections showed half that amount.  However, the total amounts in the SPP 
queue had still increased by 7000 MWs.   

  

 4.3.3 AWEA Projects 
 
The team also used information provided by a draft wind study report developed by 
NREL, AWEA and the DOE.  Projections provided in this draft study were consistent 
with the recent development in the SPP queue.  Their study indicated that by 2030, wind 
developments in the SPP footprint were expected to exceed 35,000 MWs, not including 
Texas wind development. 
 
The state-by-state projections provided in this draft report are striking.  Interestingly, this 
study shows that Oklahoma will lead Texas in wind development through 2024.  The 
following figure from the draft report shows the expected state-by-state wind nameplate 
capacity installations by 2024.   
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Figure 4:  National Projections of Wind Capacity by 20242 

 
This study also shows potential delivery pathways for the users of this renewable energy 
resource.  The authors expect that the energy provided by these wind farms will be 
delivered outside of the SPP footprint, primarily to the Southeast US. The following 
figure shows the study assumptions:   
 

                                                 
2 20% Wind Energy by 2030: Increasing Wind Energy's Contribution to U.S. Electricity Supply; USDOE, 
NREL, AWEA and Black & Veatch; forthcoming 2008. 
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Figure 5:  NREL/AWEA/DOE Wind Delivery Estimate 3 

 4.3.4 EHV Survey Results 
 
In fall 2007, SPP developed a stakeholder survey to ascertain the SPP stakeholders’ 
views on the future regulatory and operational constraints that should be factored into any 
long-term planning studies for the region.  SPP sent out 102 surveys to stakeholders.  52 
were filled out and returned.  The returned surveys are the basis for the information 
provided in this section.   
 
The survey focused on assumptions related to the region’s future supply and demand.  It 
was indicated in the Survey instructions that future investments in the region’s 
transmission system will be highly dependent on these study assumptions.  SPP sought 
stakeholder views on areas including the likelihood of new nuclear generation in the 
region, the anticipated level of wind generation, and the potential impact of future 
environmental policies.  
 
The SPP Stakeholder Survey also provided significant insights to the project team.  The 
majority of the respondents indicated that they expect a significant increase in wind from 
the 2007 level of 3% of SPP generation.  Of the respondents, 68% indicated that wind 
could represent as much as 10% of resources by 2010.  72% see as much as 15% of 
installed capacity will be in the form of wind generation by 2020.   
 

                                                 
3 Ibid. 
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Figure 6:  Stakeholder Response on 2010 Wind Developments in SPP 

 
The survey also indicated that SPP stakeholders believe that transmission investment will 
be required to support this level of wind.  Of the respondents, 67% believed that the 
transmission expansion plans should support exporting this wind.  Also, 74% indicated 
that they see an increase of net exports out of the SPP region in the long term.   
 

 
Figure 7:  Stakeholder Response on 2020 Wind Developments in SPP 

 
The stakeholders also indicated they felt a federal RPS standard will develop.  Of the 
respondents, 58% indicated that a federal RPS standard could occur by 2010.  82% 
indicated that a federal RPS standard could occur by 2020.   
 



SPP EHV Overlay Restudy pg 11 of 61  
Quanta Technology Final Version 

3/3/2008 

 
Figure 8:  Stakeholder Response on 2010 Federal RPS 

 

 
Figure 9:  Stakeholder Response 2020 Federal RPS 

 
These survey results align well with the SPP Queue developments and the projections 
provided by the authors of the draft NREL/AWEA/DOE study.   
 

 4.3.5 Geographic Distribution of Wind for EHV Rest udy 
 
Based upon this information, the project team developed a geographic model for wind 
generation that heavily favored the western portion of the SPP footprint.  The geographic 
locations selected by the team represent a blend of the information from the SPP queue 
and NREL/AWEA/DOE wind study report. These locations were used by Quanta 
Technology to identify likely substations for delivery this wind energy to the SPP 
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transmission system.  The model developed for the EHV Restudy was consistent with 
wind development projections provided by SPP during presentations at the Oklahoma 
Energy Summit on November 29, 2007 and at the Kansas Electric Transmission Summit 
V on December 14, 2007.    
 
The following map shows the geographic locations of the wind injections modeled by the 
project team.   
 

 
Figure 10:  Geographic Location of Wind in EHV Restudy 

 
To study the effect of this geographic distribution, the project team modeled the 
injections for this wind at substations electrically near to these locations.  The following 
table shows the bus ID, substation, and the maximum MWs included in the powerflow 
model: 
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Figure 11:  Substation Locations for wind in EHV Restudy 

 4.3.6 Wind Model Philosophy for Restudy 
 
Despite the high level of projections for wind development in the SPP footprint, there is a 
question of whether or not these exceptionally high concentrations will materialize.  A 
convergence of national and state energy policy, landowner acceptance, equitable cost 
recovery mechanisms, continued rejection of nuclear or coal as a future source of low-
cost, clean energy, no advancements in other sustainable resources, etc. must occur in 
order for the highest level projections to materialize. 
 
Quanta Technology, therefore, took a mid level design philosophy for the wind modeling.  
A series of mid point designs were developed for wind generation output of 13,500 MWs 
in the SPP footprint. This output was allocated on a pro-rata basis using the locations and 
amounts shown in Figure 11.  These mid point EHV designs were then modeled and 
analyzed.   
 
Quanta Technology also increased wind output up to 20,700 MWs to test and develop 
potential additions for a possible addition to the EHV Overlay.     
 
Ultimately from our work, 4 mid point designs were identified for further consideration 
by SPP and its stakeholders.  These 4 mid point designs are discussed in detail later in the 
report.   
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 4.4 Wind Energy Consumption in SPP 
 
Based upon the survey results and discussions with SPP planning staff, Quanta 
Technology assumed that by 2027 a maximum of 6000 MWs of wind could be utilized in 
the SPP footprint.  The remaining level so of wind generation would be exported out of 
the SPP region.   

 4.5 Nuclear Generation 
 
For the base case model, Quanta Technology continued to use the 2007 study assumption 
of 2 new nuclear units at Wolf Creek (see section 4.1).   In the 2027 SPP Base Case two 
nuclear units with total 2334 MW capacity are added into the Wolf Creek substation (bus 
#56751). 
 
In the 2027 SPP High Nuke future four units are added into the model. Two nuclear units 
with total 2334 MW capacity are added into the Wolf Creek substation (bus #56751) and 
two nuclear units with total capacity of 2334 MW are added at the proposed Black Fox 
nuclear site east of Tulsa, OK.   

 4.6 X-Plan  
 
Since the initial study in the spring of 2007, the SPP Board of Directors has approved 
several transmission projects for development based upon the SPP STEP planning 
process.  State planning authorities such as the Kansas Electric Transmission Authority 
have also authorized certain projects to proceed.   
 
Key projects that significantly impact the EHV restudy are:   
 

�  Wichita – Reno Co – Summit 345 kV 
�  Rose Hill – Sooner 345 kV    
�  Spearville – Comanche Co – Wichita 345 and/or 765 kV 
�  Spearville – Knoll – Axtell 345 kV tie to Nebraska.   

 
As a result of these actions, Quanta Technology has locked the topology of these projects 
into the base model.  Even though the topology was locked, Quanta Technology still 
considered the voltage level of these projects as a study parameter.  
 
The following figure shows these X-plan projects and their electrical and general 
geographic locations within the SPP footprint: 
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Figure 12:  Recently Approved Projects by SPP Board 

 
 

4.7 Ozarks Reinforcements 
An outcome of the previous study was a suggested 500 kV overlay for the Ozarks portion 
of the SPP system.  A description of the plan may be found in Section 4.1 of the June 27, 
2007 revision of the Final Report on the Southwest Power Pool EHV Overlay Project.   
 
Since the publication of the original overlay study results, SPP has moved forward with a 
345 kV reinforcement plan for the Ozarks.   
 
The following figure shows the topology used for the Ozarks in the EHV Restudy: 
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Figure 13:  Ozarks Reinforcements used in EHV Study 

 
The following lines are modeled in the EHV Restudy using information from the Ozark 
presentation study, by SPP Engineering department planning section, June 2007.  A copy 
of the report may be found at the following web address:  
http://www.spp.org/publications/Ozark%20Report.pdf . 
 

�  Brookline-Summit-Table  Rock-Osage Creek 345kV 
�  Table Rock-Bull Shoal- Norfork - Thayer-Gobbler Knob 345 kV 
�  Osage Creek – E. Roger – Centerton – Flint Creek 345 kV 
�  Flint Creek – Chamber Spring – S. Fayetteville - Osage Creek 345 kV  
�  Flint Creek – GRDA1 – Chouteau 345 kV 
�  S. Fayetteville – Van Buren – ANO 500 kV 

 
The following lines are modeled in the EHV Restudy using the results original EHV 
Overlay Study: 
 

�  Flint Creek to Ft. Smith 500 kV 
�  Ft Smith to NW Texarkana 500 kV 
�  NW Texarkana to McNeil 500 kV 

   
For the EHV Restudy, Quanta Technology has adopted these reinforcements and 
included them in the base topology.   
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 4.8 ERCOT Exports 
 
Given the recent PUCT staff decision to proceed with ERCOT expansion into the 
Panhandle to harvest high potential CREZ developments and deliver the energy to 
ERCOT, Quanta Technology did not adjust exports to ERCOT for the EHV Restudy.   
 

 4.9 WECC Exports 
Given the large amount of wind in the model and the potential for significant 
transmission expansion on the far eastern edge of the WECC system (e.g., High Plains 
Express),  the project team recognized that the some of the wind in the model may be 
delivered to the WECC system via the asynchronous ties.  After discussions with SPP 
planning staff, Quanta Technology assumed that approximately 20% of the wind from 
SPP wind generation would be exported to WECC.  For the mid-point design analysis, 
the export level was set to 3000 MWs.   
 
Quanta Technology assumed the 75% of the export would be delivered at the Lamar 
interconnection.  The remaining 25% would be delivered to Blackwater.  This assumption 
was made for the following reasons: 
 

�  Lamar is closer to the High Plains Express project. 
�  There is a question about available transfer capability to the west out of the Eddy 

County interconnection.   
 

 4.10 Eastern Interconnection Exports 
 
The model for exports to the Eastern Interconnection was modified significantly from the 
original study. Based upon input provided by SPP staff regarding inter-regional planning 
discussions, Quanta Technology has modeled exports to the eastern interconnection so 
that 50% of the exports go to the Northeastern United States and 50% go to the 
Southeastern United States.   
 
To model the SPP system for exports, a super area was defined for the SPP member 
control areas.  This approach allows for exports from SPP to be supplied from all 
members of SPP on a pro-rata basis using available, on-line generation.   
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5 Mid-Point Design Development Process 
 
The significant increase in wind generation contemplated within the SPP footprint and 
the shift in the geographic distribution toward western Oklahoma and Kansas resulted in 
a need to re-evaluate the EHV Overlay plan developed in the previous study.   
 
Quanta Technology recognized from our previous study with PowerWorld Corporation 
that the overlay would generally perform well as wind levels increased.  The previous 
study tested wind levels up to 12,000 MWs of the wind model output.  However, in the 
original EHV study, the detailed design development and the alternative comparisons 
were performed at 6000 MWs of wind output.  Based upon the revised wind assumptions, 
the EHV Restudy would need to evaluate a continuous wind generation level of 13,500 
MWs.  This section describes the rational used to develop the Mid Point Designs 
sufficient to support these levels. 
 

5.1  Alternative 5 Starting Point 
 
For the EHV Restudy, Quanta Technology used Alternative 5 from the original EHV 
Overlay Study as the starting point for the designs.  The following figure shows 
Alternative 5:   
 

 
Figure 14:  Recommended Plan from spring 2007 EHV Overlay Study 
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5.2  Collector Design Refinements 
 
As the project team started to increase the wind levels in excess of 10,000 MWs, it 
became apparent that the heavy concentrations of wind in the western portion of SPP 
needed to have a more detailed collector design to support contingencies in the EHV 
overlay.  To illustrate this issue, see the following figure showing flows for an early 
design that closely matched Alternative 5 from the original EHV study. 
 

 
Figure 15:  Flows on Early Modification to Alternative 5 

 
The figure shows the flows on the network for the contingency of Elk City to Lawton 
Eastside 765 kV line.  In this case, total wind generation is 13,500 MWs and wind 
exports to the eastern interconnection are set to 4000 MWs.  Because wind development 
may significantly exceed these levels, Quanta Technology adjusted the EHV Overlay 
design to better distribute flows throughout the EHV Overlay.     
 
A series of studies was run to evaluate how to achieve the objective of better EHV loop 
flow distribution.  As a result of this analysis, Quanta Technology created a collector 
system for the western portion of the SPP footprint and integrated this collector system 
into different locations of the EHV overlay to achieve satisfactory N-1 performance.   
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5.3  Load Reinforcements 
 
Because of the PUCT recommendation on CREZ, Quanta Technology took the 
opportunity to re-evaluate termination points for the EHV Overlay around Oklahoma 
City to provide local-area, reliability reinforcement.    
 
During the previous study, the WFLR studies indicated that Kansas City may have need 
for additional generation outlets.  The need in the area for generation outlets has been 
identified by SPP in the SPP Transmission Expansion Plan 2008-2017 approved on 
January 29, 2008.  In that document, SPP identified an additional 345 kV line from Iatan 
to Nashua as an economic upgrade opportunity. Therefore, as part of the EHV Restudy, 
Quanta Technology explored routing the EHV loop around Kansas City before 
completing the connection to the east.   
 

5.4 Other Overlay Adjustments Considered 
 
During the design phase, the team considered the following ideas as well.   
 

1. Run the southern end of EHV loop on north side of Oklahoma City using the 
following lines -  

a. Woodward/Mooreland to Cimarron 
b. Cimarron to Northwest 

(Note:  The team did not pursue this idea due to lack of reinforcement in the 
southern portion of SPP and the reduced ability to reinforce ties to ERCOT if the 
CREZ decision changes.) 

 
2. Double circuit 345 kV from Woodward/Mooreland to Tuco instead of 765 kV 

(Note:  This idea has potential if the wind developments in Texas are significantly 
less than that modeled in the EHV Restudy.) 

 
3. Moving the Muskogee termination point to Oneta.   

(Note:  This change had little effect on costs, line flows or exports, therefore it 
was not included in the mid point designs.) 

 
4. Various combinations of 765kV and 345 kV.  (Note:  This idea provided useful 

insights for staging construction) 
 

5. Spearville to Knoll to Swissvale 765 kV instead of Comanche to Wichita.  (Note:  
this idea was not considered for the mid point designs due to the commitment to 
develop the Comanche to Wichita line.  However, it provided excellent insights 
for an ultimate potential build-out of an EHV plan for SPP.) 
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5.5 Interconnection Alternatives to the East 
 
Flow patterns associated with exports modeled to the levels used in this study are highly 
dependent upon assumptions made regarding systems that are external to the SPP 
footprint.  For example, generation patterns in the upper Midwest have a significant 
impact on the export capability of a design.  In particular, changing the generation of key 
facilities in the upper Midwest can significantly affect flows on the EHV tie out of Iatan 
in the 4 designs discussed above.    
 
The project team evaluated different options for interconnecting SPP to its eastern 
neighbors.  For the northeastern portion of the SPP system, Quanta Technology evaluated 
two interconnection options.  The first option interconnected to the east from Iatan 
substation to Thomas Hill, on into Powerton and finally connected at Collins Substation.  
The second option interconnected to the east from Lacygne substation to Sedalia, on into 
Labadie and finally connected at Collins Substation.  
 
For the southern interconnection, Quanta Technology also evaluated two main options.  
In this case, both options used the same connections, but at two different voltage levels.  
For this interconnection, the route was from Muskogee to Fort Smith, on into Arkansas 
Nuclear One and finally connected to Independence SES.  The portion from Fort Smith to 
the east was evaluated at both 765 kV and 500 kV.  
 
Quanta Technology selected the Iatan route to the north and the 765 kV construction 
option in the south.  The 500 kV lines from Flint Creek to Fort Smith to NW Texarkana 
and into McNeil were included as part of the reinforcement in the south.   
 
A more detailed description of these interconnection options, including examples of 
system performance, are included Appendix 2.   
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6 Mid Point Designs 
 
Based upon the design efforts described in section 5 and the level of wind in the model 
for the EHV Restudy, Quanta Technology selected 4 Mid Point Designs for detailed 
analysis.  Quanta Technology modeled 20,700 MWs of nameplate wind and performed 
the analysis with an output on-peak of 13,500 MWs.  The system designs to support this 
level of wind generation are named “Mid Point Designs”.   
 

 6.1  Mid Point Design 1 
The following figure shows an overview of Mid Point Design 1. 
 

 
Figure 16:  Mid Point Design 1 

 
Following are some of the key aspects of Mid Point Design 1:   
 

�  Addition of a collector system sufficient to withstand n-1 contingencies for the 
western wind generation. 
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�  Addition of a termination at Elk City  to allow collection of the wind 

developments connecting to the Elk City substation.  
 

�  Termination at Lawton Eastside substation instead of Oklaunion to - 
o lower overall construction costs due to shorter line to Seminole 
o add reinforcement to the Oklahoma City area 

 
�  Addition of a 765 kV Interconnection to Entergy at Arkansas Nuclear One 

and Independence SES to increase export capability. 
 

6.1.1 Benefits 
Mid Point Design 1 provides the following benefits: 
 

�  Overall reliability reinforcement of the SPP system providing improved voltage 
support throughout the system. 

�  Tie into Iatan provides voltage support and improved transmission ties for Kansas 
City to provide generation outlets and accommodate future load growth. 

�  Western side of collector system design can be designed so as to provide 
additional reinforcements for Amarillo, Lubbock and other communities in the 
Texas panhandle.  

�  Significantly increased export capability to support access to energy markets. 
�  Enhanced import capability to get access to low cost regional energy.   
�  Allows the states within the SPP footprint to become leading providers of 

environmentally friendly, renewable energy for the US.   
�  Tightly coupled electric grid to allow environmentally friendly balancing of wind 

energy with local area natural gas generation. 
�  Allows for effective interconnections for EHV system development by SPP’s 

neighbors to the north and east. 
�  Cost effective solution with minimized ROW impacts on local area communities 

and landowners versus lower voltage transmission. 
 
In common with Mid Point Designs 2 and 4, Mid Point Design 1 terminates at Lawton 
Eastside instead of Oklaunion.  This provides the following benefit unique to these 
designs: 
 

�  Tie into Lawton Eastside provides voltage support and EHV tie for Oklahoma 
City to accommodate future load growth. 

 

6.1.2 Cost Estimates 
 
The total cost estimate for Mid Point Design 1 is $6.74 Billion (not including costs for 
the Ozarks reinforcement projects).  
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The following tables identify the components in Mid Point Design 1 that are completely 
within the SPP footprint and which constitute the overlay portion of the design:    
 

 
Figure 17:  Mid Point Design 1 T-Line Overlay Costs 

 

 
Figure 18:  Mid Point Design 1 Overlay Sub Costs 
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The following tables identify the components in Mid Point Design 1 that are completely 
within the SPP footprint and which make up the collector system design: 
 

 
Figure 19:  Mid Point Design 1 Collector T-Line Costs 

 

 
Figure 20:  Mid Point Design 1 Collector Sub Costs 

 
The following tables identify the components in Mid Point Design 1 that are 
interconnections with SPP neighbors and would be considered tier 1 facilities: 
 

 
Figure 21:  Mid Point Design 1 Tier 1 T-Line Costs 

 

 
Figure 22:  Mid Point Design 1 Tier 1 Sub Costs 
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The following tables identify the components in Mid Point Design 1 that are tier 2 
facilities: 
 

 
Figure 23:  Mid Point Design 1 Tier 2 T-Line Costs 

 

 
Figure 24:  Mid Point Design 1 Tier 2 Sub Costs 
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 6.2  Mid Point Design 2 
 
The following figure shows an overview of Mid Point Design 2. 
 

 
Figure 25:  Mid Point Design 2 

 
Following are some of the key aspects of Mid Point Design 2:   
 

�  Addition of a collector system sufficient to withstand n-1 contingencies for the 
western wind generation. 

 
�  Addition of a termination at Elk City  to allow collection of the wind 

developments connecting to the Elk City substation.  
 

�  Termination at Lawton Eastside substation instead of Oklaunion to - 
o lower overall construction costs due to shorter line to Seminole 
o add reinforcement to the Oklahoma City area 
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�  Addition of a 765 kV Interconnection to Entergy at Arkansas Nuclear One 
and Independence SES to increase export capability. 

 
�  Route into Wolf Creek from LaCygne to avoid routing from the south through 

the Flint Hills area.  The route now is completed through the following path 
·  Muskogee to Neosho 
·  Neosho to LaCygne 
·  LaCygne to Wolf Creek 

 

6.2.1 Benefits 
 
Mid Point Design 2 provides the following benefits similar to Mid Point Design 1: 
 

�  Overall reliability reinforcement of the SPP system with improved voltage 
support throughout the system. 

�  Tie into Iatan provides voltage support and EHV tie for Kansas City to provide 
generation outlets and accommodate future load growth. 

�  Western side of collector system design can be routed so as to provide additional 
reinforcements for Amarillo and Lubbock and other communities in the Texas 
panhandle.  

�  Significantly increased export capability to support access to energy markets. 
�  Enhanced import capability to get access to low cost regional energy.   
�  Allows the states within the SPP footprint to become the leading providers of 

environmentally friendly, renewable energy for the US.   
�  Tightly coupled electric grid to allow environmentally friendly balancing of wind 

energy with local area natural gas generation. 
�  Allows for effective interconnections for EHV system development by SPP’s 

neighbors to the north and east. 
�  Cost effective solution with minimized ROW impacts on local area communities 

and landowners versus lower voltage transmission. 
 
In common with Mid Point Designs 2 and 4, Mid Point Design 1 terminates at Lawton 
Eastside instead of Oklaunion.  This termination provides the following benefit unique to 
these designs: 
 

�  Tie into Lawton Eastside provides voltage support and EHV tie for Oklahoma 
City to accommodate future load growth. 

 
In common with Mid Point Designs 3 and 4, Mid Point Design 2 extends the EHV 
Overlay east to Neosho, into LaCygne and completes the loop at Wolf Creek from the 
east.  This routing provides the following benefit unique to these designs: 
 

�  Avoids construction in the environmentally sensitive and pristine Flint Hills area. 
�  Provides reinforcement to south side of Kansas City to provide a second tie to the 

EHV system for voltage support and system reinforcement. 
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�  Allows for a logical alternative (or additional) interconnection to the eastern 
interconnect from the LaCygne substation.   

 

6.2.2 Cost Estimates 
The total cost estimate for Mid Point Design 2 is $7.01 Billion (not including costs for 
the Ozarks reinforcement projects).  
 
The following tables identify the components in Mid Point Design 2 that are completely 
within the SPP footprint and which constitute the overlay portion of the design:    
 

 
Figure 26:  Mid Point Design 2 Overlay T-Line Costs 
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Figure 27:  Mid Point Design 2 Overlay Sub Costs 

 
The following tables identify the components in Mid Point Design 2 that are completely 
within the SPP footprint and which make up the collector system design: 
 

 
Figure 28:  Mid Point Design 2 Collector T-Line Costs 

 

 
Figure 29:  Mid Point Design 2 Collector Sub Costs 
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The following tables identify the components in Mid Point Design 2 that are 
interconnections with SPP neighbors and would be considered tier 1 facilities: 
 

 
Figure 30:  Mid Point Design 2 Tier 1 T-Line Costs 

 

 
Figure 31:  Mid Point Design 2 Tier 1 Sub Costs 

 
The following table identifies the components in Mid Point Design 2 that are tier 2 
facilities: 
 

 
Figure 32:  Mid Point Design 2 Tier 2 T-Line Costs 

 

 
Figure 33:  Mid Point Design 2 Tier 2 Sub Costs 
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 6.3  Mid Point Design 3 
 
The following figure shows an overview of Mid Point Design 3. 
 

 
Figure 34:  Mid Point Design 3 

 
Following are some of the key aspects of Mid Point Design 3:   
 

�  Addition of a collector system sufficient to withstand n-1 contingencies for the 
western wind generation. 

 
�  Route into Wolf Creek from LaCygne to avoid routing from the south through 

the Flint Hills area.  The route now is completed through the following path 
·  Muskogee to Neosho 
·  Neosho to LaCygne 
·  LaCygne to Wolf Creek 

 
�  Addition of a termination at Elk City  to allow collection of the wind 

developments connecting to the Elk City substation.  
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�  Addition of a 765 kV Interconnection to Entergy at Arkansas Nuclear One 

and Independence SES to increase export capability. 
 
 

�  Retains termination at Oklaunion  
 

6.3.1 Benefits 
 
Common to the other designs, Mid Point Design 3 provides the following benefits: 
 

�  Overall reliability reinforcement of the SPP system with improved voltage 
support throughout the system. 

�  Tie into Iatan provides voltage support and EHV tie for Kansas City to provide 
generation outlets and accommodate future load growth. 

�  Western side of collector system design can be routed so as to provide additional 
reinforcements for Amarillo and Lubbock and other communities in the Texas 
panhandle.  

�  Significantly increased export capability to support access to energy markets. 
�  Enhanced import capability to get access to low cost regional energy.   
�  Allows the states within the SPP footprint to become the leading providers of 

environmentally friendly, renewable energy for the US.   
�  Tightly coupled electric grid to allow environmentally friendly balancing of wind 

energy with local area natural gas generation. 
�  Allows for effective interconnections for EHV system development by SPP’s 

neighbors to the north and east. 
�  Cost effective solution with minimized ROW impacts on local area communities 

and landowners versus lower voltage transmission. 
 
In common with Mid Point Designs 2 and 4, Mid Point Design 3 extends the EHV 
Overlay east to Neosho, into LaCygne and completes the loop at Wolf Creek from the 
east.  This routing provides the following benefit unique to these designs: 
 

�  Avoids construction in the environmentally sensitive and pristine Flint Hills area. 
�  Provides reinforcement to south side of Kansas City to provide a second tie to the 

EHV system for voltage support and system reinforcement. 
�  Allows for a logical alternative (or additional) interconnection to the eastern 

interconnect from the LaCygne substation.   
 
Mid Point Design 3 differs from the other designs by terminating at Oklaunion instead of 
Lawton Eastside.  This offers the following additional benefits: 

�  Allows for lower cost capital investment to increase the asynchronous 
import/export capability with ERCOT. 

�  Provides additional voltage support and local area reinforcement to Wichita Falls, 
Texas and surrounding communities. 
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6.3.2 Cost Estimates 
The total cost estimate for Mid Point Design 3 is $7.13 Billion (not including costs for 
the Ozarks reinforcement projects).  
 
The following tables identify the components in Mid Point Design 3 that are completely 
within the SPP footprint and which constitute the overlay portion of the design:    
 

 
Figure 35:  Mid Point Design 3 Overlay T-Line Costs 
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Figure 36:  Mid Point Design 3 Overlay Sub Costs 

 
The following tables identify the components in Mid Point Design 3 that are completely 
within the SPP footprint and which make up the collector system design: 
 

 
Figure 37:  Mid Point Design 3 Collector T-Line Costs 

 

 
Figure 38:  Mid Point Design 3 Collector Sub Costs 
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The following tables identify the components in Mid Point Design 3 that are 
interconnections with SPP neighbors and would be considered tier 1 facilities: 
 

 
Figure 39:  Mid Point Design 3 Tier 1 T-Line Costs 

 

 
Figure 40:  Mid Point Design 3 Tier 1 Sub Costs 

 
The following tables identify the components in Mid Point Design 3 that are tier 2 
facilities: 
 

 
Figure 41:  Mid Point Design 3 Tier 2 T-Line Costs 

 

 
Figure 42:  Mid Point Design 3 Tier 2 Sub Costs 
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6.4  Mid Point Design 4 
 
The following figure shows an overview of Mid Point Design 4. 
 

 
Figure 43:  Mid Point Design 4 

 
Following are some of the key aspects of Mid Point Design 4:   
 

�  Route into Wolf Creek from LaCygne to avoid routing from the south through 
the Flint Hills area.  The route now is completed through the following path 

·  Muskogee to Neosho 
·  Neosho to LaCygne 
·  LaCygne to Wolf Creek 

 
�  Tie into EHV Loop at Elk City  to take advantage of the 230 kV existing right-

of-way between Grapevine and Elk City substations.   
 
�  Addition of a collector system sufficient to withstand n-1 contingencies for the 

western wind generation. 
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�  Addition of a termination at Elk City  to allow collection of the wind 

developments connecting to the Elk City substation.  
 

�  Termination at Lawton Eastside substation instead of Oklaunion to - 
o lower overall construction costs due to shorter line to Seminole 
o add reinforcement to the Oklahoma City area 

 
�  Addition of a 765 kV Interconnection to Entergy at Arkansas Nuclear One 

and Independence SES to increase export capability. 
 

6.4.1  Benefits 
 
Mid Point Design 4 provides the following benefits: 
 

�  Overall reliability reinforcement of the SPP system with improved voltage 
support throughout the system. 

�  Tie into Iatan provides voltage support and EHV tie for Kansas City to provide 
generation outlets and accommodate future load growth. 

�  Western side of collector system design can be routed so as to provide additional 
reinforcements for Amarillo and Lubbock and other communities in the Texas 
panhandle.  

�  Significantly increased export capability to support access to energy markets. 
�  Enhanced import capability to get access to low cost regional energy.   
�  Allows the states within the SPP footprint to become the leading providers of 

environmentally friendly, renewable energy for the US.   
�  Tightly coupled electric grid to allow environmentally friendly balancing of wind 

energy with local area natural gas generation. 
�  Allows for effective interconnections for EHV system development by SPP’s 

neighbors to the north and east. 
�  Cost effective solution with minimized ROW impacts on local area communities 

and landowners versus lower voltage transmission. 
 
In common with Mid Point Designs 2 and 3, Mid Point Design 4 extends the EHV 
Overlay east to Neosho, into LaCygne and completes the loop at Wolf Creek from the 
east.  This routing provides the following benefit unique to these designs: 
 

�  Avoids construction in the environmentally sensitive and pristine Flint Hills area. 
�  Provides reinforcement to south side of Kansas City to provide a second tie to the 

EHV system for voltage support and system reinforcement. 
�  Allows for a logical alternative (or additional) interconnection to the eastern 

interconnect from the LaCygne substation.   
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In common with Mid Point Designs 1 and 2, Mid Point Design 4 terminates at Lawton 
Eastside instead of Oklaunion.  This termination provides the following benefit unique to 
these designs: 
 

�  Tie into Lawton Eastside provides voltage support and EHV tie for Oklahoma 
City to accommodate future load growth. 

 
Mid Point Design 4 is unique in that it ties the wind collector system into the Overlay 
loop at Elk City instead of Oklaunion or LaCygne.  This configuration provides the 
following additional benefits: 
 

�  Additional reinforcement opportunities for the Amarillo, Texas area.   
�  Lower cost wind collector system connections for CREZ’s 3 and 4. 

 

6.4.2 Cost Estimates 
The total cost estimate for Mid Point Design 4 is $6.93 Billion (not including costs for 
the Ozarks reinforcement projects).  
 
The following tables identify the components in Mid Point Design 4 that are completely 
within the SPP footprint and which constitute the overlay portion of the design:    
 

 
Figure 44:  Mid Point Design 4 Overlay T-Line Costs 
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Figure 45: Mid Point Design 4 Overlay Sub Costs 

 
The following tables identify the components in Mid Point Design 4 that are completely 
within the SPP footprint and which make up the collector system design: 
 

 
Figure 46:  Mid Point Design 4 Collector T-Line Costs 

 

 
Figure 47:  Mid Point Design 4 Collector Sub Costs 
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The following table identifies the components in Mid Point Design 4 that are 
interconnections with SPP neighbors and would be considered tier 1 facilities: 
 

 
Figure 48:  Mid Point Design 4 Tier 1 T-Line Costs 

 

 
Figure 49:  Mid Point Design 4 Tier 1 Sub Costs 

 
The following table identifies the components in Mid Point Design 4 that are tier 2 
facilities: 
 

 
Figure 50:  Mid Point Design 4 Tier 2 T-Line Costs 

 

 
Figure 51:  Mid Point Design 4 Tier 2 Sub Costs 
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6.5 Cost Summary Table 
 
Following is a comparison table of the costs of mid point designs and a brief discussion 
of the reason for the cost difference. 
 

 
Figure 52:  Cost Summary 

 

 
Figure 53:  Comments 
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Figure 54:  Mileage Summary 
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7 Alternative Futures and Sensitivities 
 
As in the original EHV Overlay study, Quanta Technology created 4 futures cases and 4 
sensitivities for comparing the cases.  In addition to the 2027 basecase future, the 
following additional futures were also analyzed: 
 
High Nuclear Generation Future 
In this future, the only difference from the 2027 basecase is that additional generation is 
allocated as 40% coal, 40% nuclear, and 20% gas. 
 
No New Nuclear Generation Future 
In this future, the only difference from the 2027 basecase is that additional generation is 
allocated as 60% coal and 40% gas. 
 
High Gas Generation Future 
In this future, the only difference from the 2027 basecase is that additional generation is 
allocated as 40% coal, 20% nuclear, and 40% gas. 
 
Each future was treated as a separate basecase for detailed sensitivity analysis. 

Sensitivity Runs 
In addition to the 2027 basecase and alternative futures, sensitivity runs were performed 
to test the performance of each of the Mid Point Designs. 
 
Higher than Forecasted Load Growth 
This sensitivity is designed to address stronger than anticipated economic growth during 
the 20 year period. 
 
Lower than Forecasted Load Growth 
This sensitivity is designed to address increased efficiency, demand effectiveness, 
distributed generation advancements and/or weak economic growth.   
 
Coal Retirements Less than 250MWs 
Retire coal plants that are 40 years old as of 2006 and less than 250 MWs.  This 
sensitivity is designed to address aging units & improved environmental performance to 
meet possibly tightened emissions requirements.   
 
Increased Wind Capacity 
Increase the wind energy output to 16,500 MWs.  This sensitivity is designed to address 
improvements in wind turbine design & the emerging tendency toward building higher 
towers. 
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7.1 Losses 
 
The following table shows the on-peak loss estimate for each of the Mid Point Designs. 
 

 
Figure 55: Summer Peak Loss Comparison (MWs) 

 
Mid Point Design 2 has the lowest losses of the 4 designs presented. 

7.2 Exports 
 
Exports were calculated with the Iatan to Thomas Hill 765 kV open.  Monitoring on the 
SPP system was set to 200kV and above.  Exports were increased for each of the designs 
in each of the future cases. 
 
There was some variation in export performance for the mid point designs, but it was not 
significant.  The following table shows the measured values: 
 
 Base Future High Nuclear No Nuclear High Gas 
MPD 1 7000 8000+ 8000+ 8000+ 
MPD 2 7000 8000+ 8000+ 8000+ 
MPD 3 6000 8000 8000+ 8000+ 
MPD 4 7500 6600 8000+ 8000+ 
 
 

7.3 Sensitivities 
 
A sensitivity case was created for each future for each mid-point design, for a total of 64 
cases (4 designs x 4 futures x 4 sensitivities). Each case modeled 13,500 MWs of wind 
generation, 3000 MWs of export to WECC, and 5000 MWs of export to the eastern 
interconnection.  All cases were checked for basecase violations.  No violations were 
found.   
 
Because of the large number of cases, contingencies were performed only for 16 cases (4 
designs x 4 futures x 1 base condition).   
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7.4 Performance .vs. Costs .vs. Other Issues 
 
Generally, the Mid Point Designs performed comparably.  As a result, strategic 
considerations (e.g., routing facilities near ERCOT and WECC) and economic 
performance will be key factors in the final topology used in the EHV design selected by 
SPP and its members.  
 
Following are a series of price comparison tables: 
 

 
Figure 56:  Total Cost Comparison Table 

 
 

 
Figure 57:  Overlay Cost Comparison 

 

 
Figure 58:  Collector Cost Comparison 
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To summarize:   
 

�  Mid Point Design 1 is the lowest cost, but the southern route into Wolf Creek may 
not be feasible due to difficulty of acquiring right of way through or around the 
Flint Hills.  If ROW is obtainable, significant cost savings could be achieved. 

 
�  Mid Point Design 2 changes the route into Wolf Creek to the east from LaCygne 

instead of the south from Muskogee.  As does Mid Point Design 1, it reinforces 
the Oklahoma City area by terminating at Lawton Eastside instead of Oklaunion.  
It has the lowest losses of the designs and the third highest cost 

 
�  Mid Point Design 3 uses Oklaunion as the south western hub for the EHV 

network.  It provides less reinforcement for Oklahoma City, but provides a closer 
geographic link to Texas, should increased interconnection with ERCOT become 
a future objective.  It has the highest construction costs and losses of the group.   

 
�  Mid Point Design 4 uses Elk City as the tie for Texas wind developments.  It has 

the lowest cost per MW export of the designs measured.  It has also second lowest 
overall costs and second lowest losses of the designs.   
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8 Construction Sequencing 
 
For this section, Mid Point Design 1 is used to illustrate the construction sequence 
discussion.   

8.1 Construction Package Drivers 
 
The sequence of construction is driven by a number of factors.  Key factors include - 

 
�  Geographic distribution of wind development 
�  Wind generation levels  
�  Sequencing of wind generation coming on line 
�  Expected exports to Eastern Interconnection  
�  Location of load centers to sink the wind energy provided by the wind farms 
�  Existing infrastructure available to deliver the energy generated by the wind farms 

 
Quanta Technology used the SPP STEP report, the SPP Generation Queue, and 
supplemental analysis to address these issues and develop the suggested construction 
packages.   
 

8.2 Package 1 
 
Quanta Technology recommends that construction begin in the western portion of the 
system.  Wind development is already occurring in that portion of the system and there is 
a need to deliver this wind energy to the load centers of Oklahoma City, Wichita, Kansas 
City, Little Rock and other areas.   There is a lack of transmission from the west to the 
east to deliver this energy.  Finally, western portions of the X-plan have been authorized 
for proceeding with development.  The EHV in west will provide the ability to deliver 
this wind energy reliably.   
 
Using Mid Point Design 1 as the basis, the following set of projects is recommended in 
the first package: 
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Figure 59:  Recommendation for Construction Package 1 
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This package can be further broken down into three steps. 
 
The first step for package one should concentrate on the approved portion of the X-plan.  
This will provide an infrastructure to deliver wind energy as it develops in Kansas and 
Oklahoma and provide a load center, Wichita, to sink this energy. 
 

 
Figure 60:  Step 1 of EHV Construction 
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The second step should focus on extending portions of the EHV into the panhandle of 
Oklahoma and south into Oklahoma City via Lawton Eastside.  This will reinforce the 
electric system in that area to enhance reliability and will allow for the delivery of wind 
energy to another major load pocket.  The exact timing of these decisions and selection of 
order for these lines would be triggered by the amounts of wind brought on line in these 
areas. Oklahoma City at LES (in this example) for.   
 

 
Figure 61:  Step 2 of EHV Construction 
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Finally, the third step can focus on extending into the Texas panhandle for system 
reinforcements and for interconnecting the wind facilities in CREZs 1, 2, 3, 4 and 21 to 
the SPP system.  The third step is shown in the following figure: 
 

 
Figure 62:  Step 3 of EHV Construction 
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8.3 Package 2 
 
Package 2 of the EHV overlay plan is driven by reinforcement of the load serving area 
around Kansas City and the provision of generator outlets in that area.   
 
In addition, the southern portion of the route should continue from the west to the east to 
facilitate a tie to SERC.  This will also position the EHV grid development to support 
additional generation at Black Fox should that site develop.   
 
Following is the recommendation for Package 2 of construction. 
 

 
Figure 63:  Package 2 of EHV Construction 

 
For this package, the construction sequence could be performed as follows: 

1. Iatan to Thomas Hill (increase outlet capability) 
2. Thomas Hill to Powerton to Collins (tie to the east) 
3. Wolf Creek to Iatan (increase local load serving at Iatan & provide outlet for Wolf 

Creek) 
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4. Seminole to Muskogee (progress loop around south, stage system for Black Fox 
generation, prepare for tie to the south) 
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8.4 Package 3 
 
For Mid Point Design 1, Package 3 would complete the loop and create the tie to the 
south.   
 

 
Figure 64:  Package 3 of EHV Construction 

 
The suggested sequence for the last package is 
 

1. Muskogee to Wolf Creek (close the loop from the south for contingency support) 
2. Build tie to SERC (improve N-1 performance, increase outlet capability) 
3. Close loop between Wichita to Wolf Creek (existing network provides acceptable 

performance until high levels of wind generation develop; therefore, this line 
would be the last component to build).   
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8.5 Construction Trigger Levels 
 
Because of the increased interaction of the factors that impact construction sequencing 
the farther out in time one looks, Quanta Technology focused only on the sequence of 
construction for steps identified in Package 1.   
 
Hitchland to Mooreland/Woodward:  
To develop a sense of the loading in the Hitchland area, the project team first looked at 
2010 summer peak load flow case.  Based upon the SPP STEP 2010 summer peak load 
case, the Finney to Holcomb loading is: 

 
With a summer rating of 987 MVA, this indicates that around 700 MWs of wind 
generation in the Oklahoma panhandle collected at the Hitchland substation may be 
sufficient to trigger construction.   
 
Our independent analysis confirms this assessment.  Hitchland substation is slated for 
construction in 2009.  Therefore, loading of the transformer for the loss of the Hitchland 
to Potter 345 kV is the worst case contingency.  For this contingency, we observed that 
the Hitchland 345/230 kV transformer starts to overload in our model with combined 
wind generation at Hitchland and Finney/Holcomb at 560 MWs of actual generation.   
 
2nd Elk City Transformer  
Quanta Technology also looked at the STEP study results for flows on Grapevine to Elk 
City.  SPP indicated peak flow to be about 40 MWs on the Stateline to Elk City line.   

 
With a summer rating of 319 MVA, this implies that around 300 MWs of wind 
generation near Elk City will be enough to trigger the addition of the second Elk City 
transformer.     
 
Our analysis confirms this assessment.  With the assumption that wind will connect at 
230 kV bus at the Elk City, our studies show that the 230/138 kV transformer overloads 

TO AREA  520   AEPW 
   X---- FROM AREA BUS ----X   X----- TO AREA BUS -----X 
     BUS# X-- NAME --X BASKV     BUS# X-- NAME --X BASKV  CKT      MW      MVAR 
   523777 STATELINE 6 230.00   511490 ELKCITY6    230.00*  1      40.2      3.6 
   523811 MCLEAN 3    115.00   512107 SHAM 3WT    115.00*  1      16.6      3.6 
   524088 KIRBY3      115.00   512086 JERICHO3    115.00*  1      15.0      3.3 
   525832 TUCO_INT  7 345.00   511456 O.K.U.-7    345.00*  1     -43.4     57.2 
   TOTAL FROM AREA  526 TO AREA  520                                               28.5      67.7 

TO AREA  534   SUNC 
   X---- FROM AREA BUS ----X   X----- TO AREA BUS -----X 
     BUS# X-- NAME --X BASKV     BUS# X-- NAME --X BASKV  CKT      MW      MVAR 
   523853 FINNEY7     345.00   531449 HOLCOMB7    345.00*  1    -218.0     13.8 
   TOTAL FROM AREA  526 TO AREA  534                                             -218.0      13.8 
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for the loss Elk City to Grapevine for wind generation at 300 MWs or above.  Therefore, 
once Elk City wind generation hits 300 MWs, a second transformer should be installed.   
 
Mooreland/Woodward to Lawton Eastside 
Analysis was performed to determine the trigger for extending south from 
Mooreland/Woodward level.  For combined wind generation levels of 1500 at 
Mooreland/Woodward and Hitchland, the Mooreland 345/138 kV transformer begins to 
overload for the contingent loss of the proposed project Mooreland/Woodward to 
Northwest.  Before this loading level occurs, the line to Lawton Eastside should be 
constructed.  To prevent overloading at Elk City, Elk City should not be connected until 
the line from Woodward/Mooreland to Lawton Eastside is completed.   
 
Conversion to 765 kV 
Analysis was performed to determine the trigger for converting operation to 765 kV.  
Before the analysis was conducted, the ratings of the lines were converted from 765 kV 
operation to 345 kV operation.  The impedance values were the same, so the team 
recalculated the surge impedance loading of the line operated at 345 kV.  Due to the 
operating voltage reduction, the surge impedance loading (SIL = crated ZV /2 ) of the 
transmission line is reduced to 20% of its 765kV design value. The per unit line 
impedances were then converted to match the new base voltage by multiplying by 
( 22 / newbaseoldbase VV -- ).  
 
Based upon our analysis, Package 1 operated at 345 kV will show overload on the 
Lawton Eastside to Mooreland/Woodward at wind generation levels of 4620 MWs for the 
contingent loss of Comanche to Wichita.  In this configuration, all of the wind generated 
in the western portion of SPP will be delivered to Oklahoma City.   
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Summary Table 
 
The following table summarizes the trigger points for package 1: 
 

Trigger Levels Project Construction 
Start �  Wichita to Comanche,  

�  Comanche to Mooreland/Woodward  
�  Comanche to Spearville  
 

       (build @ 765 kV, operate @ 345 kV) 
Combined, sustained wind energy 
output at Hitchland and Finney  �  
560 MWs 

�  Hitchland to Mooreland/Woodward  
 
       (build @ 765 kV, operate @ 345 kV) 

Sustained, wind energy output at 
Elk City �  300 MWs 

�  Second 230/138 kV transformer at Elk City 

Combined, sustained wind energy 
output at Mooreland and Hitchland 
�  1500 MWs  

�  Mooreland/Woodward to Lawton Eastside 
 
       (build @ 765 kV, operate @ 345 kV) 

Sustained, total SPP wind energy 
output �  4600 MWs 

�  Convert Package 1 to 765 kV operation 

Sustained, wind energy output at 
Elk City �  600 MWs 

If 765 kV is complete or pending: 
�  Install 765/230 kV XFMR at Elk City 

 
If 765 kV is not yet triggered, then: 

�  Install temp 345/230 kV XFMR at Elk City 
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9  Recommendations  
All of the mid point designs provide SPP, its members and its stakeholders improved  
reliability for the SPP electric system while providing the ability to be a leading provider 
of sustainable energy for the United States.  All designs are flexible and allow for 
alternative interconnections to the east and for the wind collector system  
 
Based upon cost, summer peak performance, export capability and losses, Mid Point 
Design 2 and Mid Point Design 4 are the top two performing options.  Both terminate at 
the same substations for the EHV Overlay loop.  They differ in that the western portion 
of the overlay (collector portion) terminates at Elk City for Mid Point Design 4 and at 
Lawton Eastside for Mid Point Design 2.   
 
It is recommended that SPP use Mid Point Design 2 and Mid Point Design 4 in the 
economic evaluation phase of the SPP expansion planning process.  It is further 
recommended that SPP present all of these designs for consideration in inter-regional 
planning conducted by the Joint Coordinated System Planning committee formed by SPP, 
MISO, PJM, and TVA.   
 
Finally, based upon the trigger levels identified by the project team, it is recommended 
that construction of the Wichita to Comanche, Comanche to Spearville and Comanche to 
Mooreland/Woodward be at 765 kV standards.  Initial operation at 345 kV will be 
acceptable for this package of projects.  The recommended construction sequence for 
Package 1 is as follows: 
 

Trigger Levels Project Construction 
Start �  Wichita to Comanche,  

�  Comanche to 
Mooreland/Woodward 

�  Comanche to Spearville  
Combined, sustained wind energy output at 
Hitchland and Finney  �  560 MWs 

�  Hitchland to Mooreland/Woodward  
 

Sustained, wind energy output at Elk City �  
300 MWs 

�  Second 230/138 kV transformer at 
Elk City 

Combined, sustained wind energy output at 
Mooreland and Hitchland �  1500 MWs  

�  Mooreland/Woodward to Lawton 
Eastside 

Sustained, total SPP wind energy output �  
4600 MWs 

�  Convert Package 1 to 765 kV 
operation 

Sustained, wind energy output at Elk City �  
600 MWs 

If 765 kV is complete or pending: 
�  Install 765/230 kV XFMR at Elk 

City 
If 765 kV is not yet triggered, then: 

�  Install temp 345/230 kV XFMR at 
Elk City 
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10 Next Steps 
 
The designs presented in this report are based upon certain key assumptions.  If these key 
assumptions change, then adjustments may be required to optimize the EHV Overlay 
performance.  If this occurs, the SPP planning process is capable of assessing these 
changes and factoring them into the future plans.  The SPP process is an open planning 
process and, therefore, can effectively monitor developments within the region and 
determine if adjustments to EHV Overlay are required.   
 
As stated in the recommendation, the recommended next step is to perform a detailed 
economic benefits assessment of the EHV designs described in this report, in particular 
Mid Point Design 2 and Mid Point Design 4.   
 
It is further recommended that SPP use all of these designs as the basis for plans to be 
developed by Joint Coordinated System Planning committee formed by SPP, MISO, 
PJM, and TVA.  The inter-regional discussions are important as they will provide 
additional insights into key assumptions such as  

�  Generation patterns for critically located generation on 765 kV and 500 
kV throughout the eastern US 

�  Developing EHV projects in adjacent systems. 
�  Imports and exports to WECC & ERCOT 

 
Quanta Technology also recommends follow up on the following items: 

1. Determine voltage level for Spearville to Knoll.  If built to 765 kV 
standards, will provide the future capability of building out of Knoll to the 
east to reinforce the network or to the north to leverage off of EHV 
expansion that may develop in the upper central and Midwestern US.  See 
Appendix 3 for a discussion of a possible future expansion.   

 
2. Finalize the route for the Guymon to Mooreland/Woodward to Oklahoma 

City area 345 kV line.  The Guymon to Mooreland/Woodward line is 
replaced by the 765 kV Hitchland to Mooreland/Woodward line in the mid 
point designs.  During the study, Quanta Technology noted that a 
Northwest substation termination performed well with the EHV designs 
proposed in this report.  Quanta Technology noted that a Cimarron 
termination tended to heavily load with the EHV designs.   

 
3. Further study the interconnections, especially to the southeast.  Quanta 

Technology noted that the overall export capability was reduced if the 
interconnections were built to 500 kV.  If 765 kV construction into 
Arkansas Nuclear One and Independence SES are not feasible, then 
alternatives such as the following should be considered to force flow to the 
southern portion of the system: 

 
�  500 kV Phase Shifter(s) 
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�  DC connections to large load centers in the south 
�  500 kV series compensation on key interconnections 

 
4.  Reevaluate the northwest portion of the EHV loop if additional nuclear 

generation is not developed at Wolf Creek.  
 
5. Determine if 765 kV is optimal on the far western portion of the wind 

farm collector system.  Because of loading levels on certain of these lines, 
high capacity 345 kV lines may be appropriate if wind generation 
developments don’t materialize to levels currently envisioned.   

 
 
 
 
 
 
 
 
 

  


