2008 SPP EHV Overlay Report

MAINTAINED BY
Engineering/Planning

PUBLISHED: 12/19/2008
LATEST REVISION: 12/26/2008

Copyright © 2008 by Southwest Power Pool, Inc. All rights reserved.

°ShR
uthwest

Power Pool




°SPp
2008 SPP EHV Overlay Report Sbuthwest
Power Pool

Table of Contents

EXEQCULIVE SUMMIAIY .ottt ettt ettt ettt e o e b et e 4k b et e e 4Rk bt e e 4R b et e 4R b b et a4 eak bt e e e ean b e e e e aasbe e e e e nbeeeeeannns 2
el A geTo I8 T o3 1T o] o H PSP PP PP PPPPP PPN 3
HISTOrY @nd BACKGIOUNG ...cooiiiiiiiiiiii ettt ekt e s ekt e e e s bt e e e bt e e e bt e e e bt e e e e enbe e e e e annnis 4
=3 U1 4] o) 0 SO PEER 7
L oY oa =TT R T o I AN g -1V £ SRR 12
RESUILS ettt e e et R e Rt o Rt eR et e Rt oo et e R et e e R Rt e n et e nR R e e e e e e nn e nn e e nne s 17
L= oL = ] S TS 1T A S 1AV Y/ SRR 21
(00T o [od 1T 17101 o B PP PPR 27

For comments on this report, e-mail ehvoverlay@spp.org.




°SPp
2008 SPP EHV Overlay Report Sbuthwest
Power Pool

Executive Summary

Quanta Technologies (Quanta) published the first EHV (Extra High Voltage) Overlay report starting in
June, 2007. These reports were a collaborative effort between Southwest Power Pool, Inc. (SPP),
Quanta and PowerWorld. The study was later updated with additional analysis, including revised
assumptions and with a more refined conclusion. This updated report was published on March 3",
2008. Both of these reports can be found on the SPP website.

An EHV Overlay is a collection of 500+ kV transmission projects to the existing transmission system
which help facilitate the economic transfer of power across the grid as well as reducing the overall
congestion impeding these transfers. The 2008 SPP EHV Overlay Study analysis was an endeavor by
SPP staff to quantify the benefits of an EHV Overlay expansion. The Study used the previous work
and analysis published as a starting point for development. An expansion on the magnitude of an
EHV Overlay provides many benefits including, but not limited to:

Production cost and fuel usage reduction

Energy, capacity and ancillary service market facilitation

Increased competition in wholesale markets

Reliability enhancement, including storm hardening and black start capability
Reduction in system losses

Differing environmental impacts

Improvement to capacity margin and operating reserves requirements
Operational flexibility and better dynamic performance

For the purpose of this assessment, the focus was on the production cost metric. In particular,
adjusted production cost was used for qualification of benefit. While SPP staff acknowledges the
importance and need to further quantify additional benefits, adjusted production cost savings are the
most readily calculated. Adjusted production costs savings demonstrate the measure of impact to a
particular zoneds production cost, t aklesohenergnt o
between entities.

The Study considered three futures of wind expansions in S P P éegion. The wind futures in the
analysis were low, expected and high. Analysis was conducted on 2017 and 2027 with the expected
future generation development, consisting primarily of wind, but complemented by other generation.
The low wind scenario considered 3.3 and 6.6 GW in 2017 and 2027, respectively. The expected
wind scenario considered 7 and 13.5 GW in 2017 and 2027, respectively. Finally, the high wind
scenario considered 10.5 and 21 GW in 2017 and 2027, respectively. These scenarios are
reasonable based on recent announcements and the generation interconnection queue at SPP which
exceeded 50 GW of wind projects in 2008.

The result of the analysis is shown below in the results section of this report. The conclusion was that
the EHV Overlay build out has a positive return as a package of upgrades. It becomes very difficult to
justify each leg and piece of the plan incrementally by itself, but when it& considered as part of a
comprehensive network of upgrades, the plan has a positive return. Another conclusion of this study
is that as wind development in SPP increases with corresponding transmission expansion, so too do
the benefits for entities outside of the footprint. These facts points to the necessity of proper and
workable seams agreements with neighboring systems which include fair and simple cost allocations
in order to realize the benefits of a effective and efficient North American EHV bulk power electric
network.

For comments on this report, e-mail ehvoverlay@spp.org.
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Introduction

This report is primarily an attempt by the SPP to quantify the benefits of an EHV Overlay expansion in
the SPP footprint. Considerations will be given to generation developments on the grid. For the
purpose of this study, it is assumed that wind in the footprint will develop in three futures as follows.
The first future was a low future and consisted of 3.3 GW of wind in 2017 and 6.6 GW of wind in 2027.
The next future is referred to as the expected future. The expected future is what SPP felt would
provide a good example of a baseline wind scenario for development in the footprint. The expected
future consisted of 7 GW of wind in 2017 and 13.5 GW of wind in 2027. Lastly, a higher wind
scenario was conducted. The high wind scenario contained 10.5 GW of wind in 2017 and 21 GW of
wind in 2027.

In 2008, three public power utilities in Nebraska began pursuing membership with SPP. The three
utilities, Nebraska Public Power District (NPPD), Lincoln Electric System (LES), and Omaha Public
Power District (OPPD) plan to complete by April 1, 2009, transition activities such as installing IT
infrastructure and training staff, so they can fully participate in SPP services. In the spirit of this
integration, this study attempts to identify transmission needs for Nebraska from an EHV perspective.

For this analysis, the study conducted a sensitivity to the integration of Nebraska and further
development of both wind resources and EHV transmission for the state. Nebraska has been
indentified as one of the primary states for wind development, even ahead of Kansas in recent
NREL/DOE projections. The prime location for wind development in Nebraska is Cherry, Brown and
Rock Counties in the north central region of the state. The first part of this analysis was conducted on
top of the existing 10.5 GW analysis, with additional wind development in Nebraska of 2 GW in 2027.
The next portion of the analysis was conducted on 21GW of wind with additional wind development in
Nebraska of 5 GW in 2027. Both of these sensitivities were conducted with corresponding SPP wind
development scenarios. For example, first analysis considered 15.5 GW total in the expanded SPP
footprint with 2 GW in Nebraska and 13.5 GW in the existing SPP footprint. Similarly, the second
analysis contained a total of 26 GW of wind development in the expanded SPP footprint with 5 GW in
Nebraska and the remaining 21 GW in the existing SPP region.

In this study, the assumptions from the original EHV Overlay studies were used as the starting point
for analysis. The study modifies sections of the plan to fit better with the long range vision of the EHV
grid in the footprint. The study does not attempt to majorly reanalyze the design phases or original
conclusions of the 2007 and 2008 EHV Overlay analysis conducted previously. Additionally, this
study does not attempt to address the underlying impacts to the transmission system due to the EHV
Overlay construction. The study also does not attempt to address any wind integration issues. These
issues will be addressed in further studies and analysis.

This report focuses on the economic societal benefits of an EHV Overlay grid and impact on zones
within the footprint. The adjusted production cost has been determined and weighted against the cost
of the EHV Overlay and the prospective design points. Additionally, while the EHV Overlay has
significant benefit to the Eastern and Western Interconnections, and potentially to ERCOT, this
analysis is focused on SPP and its members. For an Eastern Interconnection EHV expansion study,
reference the Joint Coordinated System Plan (JSCP) data, conclusions and reports posted at
www.jcspstudy.org.

For comments on this report, e-mail ehvoverlay@spp.org.
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History and Background

In Early 2007, SPP, InfraSource (now Quanta Technologies), and PowerWorld teamed up to assess
the long-range reliability and capacity of SPP with an EHV system overlaying the SPP footprint. The
study took the following into account:

e Possible environmental issues and future renewable energy demand

¢ Increased load growth in current load pockets in SPP

¢ Increased generation in SPP, including the large wind requests in western SPP

¢ Increased imports to and exports from SPP via Tier 1 neighbors

The final report was released in June 2007 with several alternative results. Taking reliability, line
losses, construction costs, and import/export capability into account, the recommended solution was
alternative five, shown below. For more information, see the report posted at
http://www.spp.org/publications/spp _ehv_study final report.pdf. The initial design from this study is
shown in the following diagram.

Figure 1 - Original EHV Overlay Plan i Alternative 5
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In March 2008, Quanta Technology published the SPP Updated EHV Overlay Study. As part of the
study, Quanta evaluated the option of a 345 kV overlay versus the original alternative 5 (shown
above) with a 765 kV loop. The results, as shown below, would require multiple circuits of 345 kV
transmission to be built to accomplish the same performance provided in the single 765 kV lines all
requiring multiple right of way (ROW) acquirements and far greater transmission visibility. The costs
for the 345 kV option were comparable to the 765 kV plan, but would have more (ROW) impacts and
more construction projects because of the multiple circuits needed.

For comments on this report, e-mail ehvoverlay@spp.org.
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Figure 2 - 345 kV Conceptual Plan for Alternative 5
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After completion of the 345 kV analysis, Quanta Technology re-evaluated the best long-term reliability
EHV overlay option for SPP and suggested a construction sequence for the recommended overlay.
The updated study evaluated the effect of greater wind development in SPP on the EHV. The study
started with the assumption that the SPP X-Plan would be incorporated into the analysis as a starting
point for development. The study included 20 GW of nameplate wind generation. For the purpose of

this study, 13.5 GW of wind generation was injected on the summer peak model.

Alternative five from the original SPP EHV Overlay Study was used as a starting point for this
analysis. From this Quanta created four new overlay designs to handle the additional generation
added to this version of the study. Design four from the study is shown below. The final cost for this
design, including all Tier 1 costs, was in the range of $6.8 to 7.1 million. For more information on this,

see the report posted at:

http://www.spp.org/publications/Quanta Technology March 2 2008 Update to the EHV Study Fin

al_Report.pdf.

For comments on this report, e-mail ehvoverlay@spp.org.
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Figure 3 - Updated EHV Overlay Plan i Design 4
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SPP staff developed and presented a scope for the next overlay study, the 2008 EHV Study, to a
stakeholder group, the Transmission Working Group (TWG). The group approved the scope in May
2008. The results and analysis from the previous EHV Overlay studies were used as the basis for the
further evaluation of the EHV Overlay. This study would focus on the economic impact of the EHV
Overlay, going beyond the original reliability impact and feasibility study completed by Quanta earlier.

For comments on this report, e-mail ehvoverlay@spp.org.
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Assumptions

For the 2008 EHV Overlay Study SPP staff developed production cost models for the grid for 2017
and 2027. SPP develops a transmission expansion plan, entitled the SPP Transmission Expansion
Plan (STEP) on a yearly basis. A part of this plan are the reliability upgrades needed to meet both the
North American Electric Reliability Cooperation (NERC) Standards as well as local utility planning
standards. This information is contained in the STEP Report posted on the SPP corporate website
under the RTO Expansion Planning section. The upgrades can be found in Appendix B. Additionally,
any sponsored upgrades by entities in the footprint are also included in this analysis. Major
transmission upgrades include latan i Nashua 345 kV, Wichitai Reno Co 1 Summit 345 kV, Rose
Hill T Sooner 345 kV, Northwest i Woodward 345 kV.

SPP is finalizing its Balanced Portfolio (BP) which has been approved by FERC to allow SPP

transmission expansion to capture economic benefits for a group of major 345 kV+ projects

throughout SPPwher e each zonebs benefits exceed costs and
allocated on a postage stamp basis based on load ratio shares. The BP is a collection of 345 kV +

projects in the footprint that benefit the region on a balanced, economic basis. At this time, the metric

for BP development is the change in adjusted production costs. For the purpose of this analysis, it is

assumed that BP 3-A will be the accepted portfolio. As such, BP 3-A is included in the study

assumptions. Due to BP3-A 6 s i n,any besdfite shown in this report are on top of an existing

portfolio of economic projects for the footprint. This is an important assumption since an incremental

EHV Overlay does not capture the benefits of BP 3-A which are in the base.

In this study, generating units are considered to be committed and dispatched as if they were
operated by as consolidated Balancing Authority for SPP. All reserves are considered to be provided
by the region, not on an individual area by area basis. Generating unit commitment will take into
account area owned generation versus local load for the initial commitment. After the initial
commitment, the program will look to find cheaper generation replacements for a security constrained
unit commitment (SCUC). After this, the unit will dispatch units to meet load and monitor a list of
congestion corridors for a security constrained economic dispatch (SCED). The result will be a unit
commitment schedule where no flowgates, or critical transmission elements, are overloaded.

The wind assumptions for this study have been developed using the current generation
interconnection (Gl) queue. The wind injection locations were chosen from the GI queue in order of
development status and queue position. This was an attempt to model a more realistic generation
scenario and move away from generic wind injection locations at the higher voltage nodes of the
transmission grid.

There are three wind scenarios used for this analysis. These three wind development scenarios were
conducted on two different years, 2017 and 2027. The three scenarios will are low, expected, and
high. The following table displays the wind injections aggregated to a state level for each of the
respective wind development scenarios and years of the analysis. Note that the Nebraska wind
development will be covered in the Nebraska Sensitivity portion of this analysis and is not included in
this table.

For comments on this report, e-mail ehvoverlay@spp.org.
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Table 11 Wind Development Assumptions

Low Expected Higher
State 2017 2027 2017 2027 2017 2027
Oklahoma 943 1,885 1,958 3,915 3,045 6,090
Kansas 1,138 2,275 2,363 4,725 3,675 7,350
Texas 943 1,885 1,958 3,915 3,045 6,090
New Mexico 228 455 473 945 735 1,470
Total 3,250 6,500 6,750 13,500 10,500 21,000

The following maps show where the wind injections are assumed for this analysis. These locations
were determined by taking the projection for wind development in each state and fitting those to the
Gl queue. The analysis considered the wind injection to be at the closest actual transmission location
of the request. The bubbles on each map correspond to a collection of farms in the general vicinity for
the study.
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Process and Analysis

The 2008 EHV Overlay study starts with the results from the Quanta study to determine the topology
of the Overlay. Modifications have been made, particularly around the western portions of the EHV
Overlay and how that integrates with the central loop (shown below). The Overlay is broken down
into four phases for this study. The different phases are used to accommodate different levels of wind
integration. The four phases are shown in the following diagrams. Note that, unless noted otherwise,
EHYV is considered operated and constructed at 765 kV and is shown as a bold purple line in the
figures.

Figure 107 EHV Phase 1
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Phase 1 is used for year 2017 with 3.3 GW of wind. Phase 1 contains what was commonly referred to
as the Western X plan, which is the transmission line from Spearville i Comanche Co i Woodward i
Tuco 765 kV. This transmission line connects Kansas to Oklahoma and further down into Texas.
Portions of the EHV plan are also contained in balanced portfolio and are shown on the map as
Spearville i Knoll 765 kV, Knoll i Axtell 345 kV and Seminole i Muskogee which is considered to be
built 765 kV but operated at 345 kV until the project is connected to the central EHV loop in phase 3.

For comments on this report, e-mail ehvoverlay@spp.org.
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Figure 11 i EHV Phase 2
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Phase 2 is used for 2017 with 7 GW and 10.5 GW of wind corresponding to the expected and high
wind development scenarios, respectively. Phase 2 is also used for year 2027 with 6.6 GW of wind,
which is the low wind development scenario in this analysis. Phase 2 builds out from Phase 1 by
completing a 765 kV EHV loop in western SPP connecting Woodward to Hitchland then up to Finney
and terminating back at Spearville at 765 kV. Additional, phase 2 connects the western EHV into the
central portions of the stronger existing 345 kV system by connecting Comanche Co to Wichita and
Stateline to Lawton Eastside (LES) at 765 kV. Phase 2 consists of a strong EHV system where the
primary wind development of the footprint resides. Additionally, Phase 2 also connects the 765 kV

EHV backbone into the 345 kV network at Wichita and LES.

For comments on this report, e-mail ehvoverlay@spp.org.
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Figure 12 i EHV Phase 3
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Phase 3 is used for 2027 with13.5 GW of expected wind development in 2027. Phase 3 further
completes the major 765 kV EHV loop in central SPP. This starts at the LES 765 kV substation from

Phase 2 connecting to Seminole then continues up to Muskogee in eastern Oklahoma. From
Muskogee the loop continues on past the Black Fox nuclear plant site to LaCygne in east central
Kansas. From LaCygne the central EHV loop continues to Wolf Creek and then terminates at the

Wichita EHV substation from Phase 2.

For comments on this report, e-mail ehvoverlay@spp.org.
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Figure 13 7 EHV Phase 4
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Phase 4: Export

Phase 4 is used for 2027 with 21 GW of wind which is the high wind analysis for 2027. Phase 4
completes the southwest 765 kV EHV loop in the Texas panhandle. This loop connects Tuco to
Hitchland at 765 kV. Phase 4 also adds in a northern EHV loop between Knoll and Swissvale,

connecting at the Summit substation in between the two. Perhaps the most

significant change in

Phase 4 are the export legs beyond the SPP. These legs connect in the north latan to Thomas Hill in
North Central Missouri up to Powerton in Central Illinois and finally to Collins southwest of Chicago.
The central export leg connects LaCygne to the Sullivan substation in western Indiana. Both the
northern and central EHV export legs connect back to the 765 kV systems in the east. The southern
EHV system connects Muskogee to VBI at 765 kV. From this point, Phase 4 builds out the 500 kV
system in Entergy. VBI is connected into Forth Smith, then further on to Arkansas Nuclear One
(ANO) and Independence SES (ISES). The southern portion of this 500 kV system connects Fort
Smith in down to Northwest Texarkana in Northeast Texas, then over to McNeil in Southern Arkansas

all at 500 kV.

For comments on this report, e-mail ehvoverlay@spp.org.
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The costs of each of the phases described above are shown in the following table.

Table 2 - EHV Design Cost

Design Point Cost (M) - Incremental
WesernX $ 792
West Loop $ 1,301

Central Loop $ 1180
North Loop $ 576

Southwest Loop $ 432

Export Legs $ 2,629

Adjusted production cost analysis is used to determine the expected benefit of transmission
expansion projects for each scenario and design point described above. Production cost for each
individual unit is based upon the fuel usage, variable O&M costs, environmental costs and both
scheduled and forced outages. Adjusted production cost is defined as:

Adj Prod Cost = Production Cost - Revenue from Sales + Cost of Purchases
Where:

Revenues from Sales = Net Export x Zonal LMPgen weighted
and

Cost of Purchases = Net Import x Zonal LMP | gaq weighted

To calculate adjustments to production costs due to an economic transmission project, commercial
production cost analysis software is utilized to estimate hourly unit commitment and dispatch of
modeled generators within a context of a modeled transmission system and load delivery points. The
commitment and dispatch of the generators is constrained by the software to ensure that no overloads
will occur on any monitored transmission element (typically taken as the NERC book of flowgates, but
can include additional congestion points of interest). The software produces a security constrained
economic dispatch and unit commitment.

Each scenario was loaded into the model with the corresponding wind generation and EHV topology.
The resulting output from the model provides the adjusted production cost by zone. These numbers
are broken down to determine the cost for SPP OATT, SPP NON-OATT and Tier 1. The benéefit is
defined as:

Benefit to Cost = (B/C) = Adjusted Production Cost Savings / Cost
The benefit to cost for each of the EHV Overlay design points will be given on an annual basis. That

is, the benefit expected in the year of simulation is shown versus the carrying charge of the EHV
Overlay for that same year.

For comments on this report, e-mail ehvoverlay@spp.org.
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Results

The results for the EHV Overlay Study are shown in the table below. The results shown are on top of
the underlying system, which includes significant EHV expansion from BP 3-A inclusion. The
numbers shown only take credit for any transmission expansion on top of the base. The EHV Overlay
study concludes that 13.5 GW of wind with Phase 3 in the 2027 expected scenario provides a Benefit
to Cost ratio (B/C) greater than 1. A project is required to have a B/C ratio of greater than 1 in order
to provide a positive return. The midpoint designs before Phase 3 do not provide an annual payback
until this point. It can be concluded that, from a solely adjusted production cost perspective, that both
the western and central loops are required for an annual payback of the EHV Overlay. The benefit of
networked and looped EHV system is evident in these design points.

When the EHV Overlay was modeled on top of the current SPP grid, the amount of wind necessary to
create enough benefit to offset the cost is around 13.5 GW from the analysis. However, it is likely that
around 11-12 GW of wind injection, including appropriate EHV expansion, is hecessary for a positive
return. This assessment did not try to pinpoint the exact wind injection amount that would be required
for this crossover point.

The lower wind levels, between 3.3 and 10.5 GW provided a benefit ranging from only 0.33 to 0.74
respectively for SPP. Much of the benefit was absorbed by projects created in BP P3-A. If the
projects from Portfolio P3-A were to be included as EHV upgrades, and included in the cost/benefit
analysis, the B/C would be much higher.

The first two phases do not provide enough benefit to offset the cost; however they are necessary in
the development of phase three. Phase 3 at 13.5 GW wind does provide a positive return. The EHV
Overlay cannot be justified one phase at a time.

Once wind increases past 13.5 GW and Phase 4 is built, more of the benefit starts shifting out of SPP
and into Tier 1. This is largely due to the export legs in this analysis. However, it is important to note
that the study did not undertake to recommend upgrades in areas beyond SPP. Much of the
congestion to the exportation of wind lies in the areas outside of the SPP region. The issue of
interregional coordination on the topic of EHV expansion will be handled in the JCSP analysis
referenced above. Additionally, the EHV export scenario in this study was not redesigned from the
original Quanta analysis. From a B/C perspective, it appears that the design shown is overbuilt with
respect to the benefits achieved from this design.

The following table demonstrates the impact on adjusted production costs for the EHV Overlay and
respective wind scenarios. The table breaks out the benefit for SPP Open Access Transmission Tariff
(OATT) signatories as well as SPP non-OATT RE members as well as benefit to Tier 1. SPP Annual
B/C in this table is considering an 18% yearly carrying charge rate for the facilities compared against
the annual SPP OATT benefit shown below. The benefit on adjusted production costs ranges
between $42 million a year in the 2017, 3.3 GW scenario to $849 million a year in the 2027. 21 GW
scenario. It can be seen that the effect on Tier 1 becomes significantly larger once the export legs are
included in the analysis. However, as previously noted congestion beyond the SPP region is not
addressed by the expansions studied here. Significant Tier 1 congestion is still present in the analysis
that impedes the transfer of wind beyond the SPP region.

For comments on this report, e-mail ehvoverlay@spp.org.
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Table 37 Adjusted Production Cost Results
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Total

Adjusted SPP Total

Production SPP NON- Annual Annual
Project Cost OATT SPP OATT TIER1 B/C B/C
EHV Overlay - 2017 - 3.3 GW ($42,394,000) $1,390,000 ($46,983,000) $3,199,000 0.33 | 0.30
EHV Overlay - 2017 - 7 GW ($128,115,000) $2,993,000 | ($135,707,000) $4,599,000 0.36 | 0.34
EHV Overlay - 2017 - 10.5 GW ($282,722,000) $2,272,000 | ($279,951,000) ($5,043,000) 0.74 | 0.75
EHV Overlay - 2027 - 6.6 GW ($211,855,000) ($1,273,000) ($217,552,000) $6,970,000 0.58 | 0.56
EHV Overlay - 2027 - 13.5 GW ($774,565,000) ($1,365,000) ($801,775,000) $28,575,000 1.36 | 1.32
EHV Overlay - 2027 - 21 GW ($849,769,000) ($2,004,000) | ($742,760,000) | ($105,005,000) 0.60 | 0.68

The EHV Overlay plan effectively delivers the associated wind levels for each scenario. This can be
seen by the fact that the EHV Overlay and wind scenarios have very little negative impact on existing
SPP flowgates. This is because the EHV Overlay, and the BP 3-A included in the underlying system,
were both designed to have a positive effect on flowgates within the region. The following two graphs
show the hours of congestion at selected flowgates which demonstrated the greatest sensitivity to the
overlay. These graphs are from the expected wind scenarios for the years 2017 (7 GW wind) and
2027 (13.5 GW wind). The graphs show the loading on the flowgates in the base case (that is before
wind injection or EHV expansion) and in the change case (that is after the expansion occurs).

It should be noted that this study does not attempt to address the operational impacts of managing
wind. The wind injections in this model are simulated as an average energy expected at a point in
time. The models are not exposed to the high variability of wind from this perspective. Additionally,
issues related to following and regulating the wind are not handled in this type of analysis. These
details will be addressed by the Wind Integration Task Force (WITF).

Also, in the 21 GW, 2027 case, many monitored congestion points are increased significantly from the
what is seen today. These can be regarded as new potential flowgates for the future. However,
issues like these can be managed by a capable grid and may require operational decisions to mitigate
issues real time. An example of this is the Elk City transformer seen on the chart. This issue could be
mitigated by system reconfiguration, a special protection scheme or another type of operator
interaction.

For comments on this report, e-mail ehvoverlay@spp.org.
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The difference in the two graphs shows the impact of adding the Central Loop in Phase 3, as well as
the increase in wind generation. Phase 2, which does not include the Central Loop, is used for 7 GW
of wind generation. There are several underlying issues that need to be addressed with Phase 3,
which caused the increased congestion in Western Oklahoma. The issues above are the Elk City
transformer as well as thermal problems associated with the Woodward expansion. Both issues are
related to wind farm development. The issue at Woodward will be addressed as wind interconnection
requests develop at that location. The Elk City transformer can be addressed as described above i
by effective reconfiguration of the network without adversely impacting service reliability to customers
or NERC standards or SPP or local Criteria. An example of this is the GI Cluster Feasibility Study.
Both analyses, using different software tools, came to the same conclusion on the Elk City
transformer. The GI Cluster Feasibility Study recommended that the circuit be opened.

For comments on this report, e-mail ehvoverlay@spp.org.
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There is significant cost difference between the scenarios. These extra costs are necessary to
support the increase in wind from each scenario, with the exception of perhaps the large increase in
transmission investment between the 13.5 and 21 GW scenarios. The breakout of the line cost from

the substation cost is below and range from $792 million to $6.9 billion dollars as seen in the table
below.

Table 471 Projected EHV Overlay Cost Estimates

Project Cost Line Cost Substation Cost
EHV Overlay - 2017 - 3.3 GW $ 792 $ 767 $ 24

EHV Overlay - 2017 - 7 GW $ 2,092 $ 1,940 $ 153
EHV Overlay - 2017 - 10.5 GW $ 2,092 $ 1,940 $ 153
EHV Overlay - 2027 - 6.6 GW $ 2,092 $ 1,940 $ 153
EHV Overlay - 2027 - 13.5 GW $ 3,726 $ 2,961 $ 314
EHV Overlay - 2027 - 21 GW $ 6,910 $ 6,417 $ 493

While the EHV Overlay is justified economically as a whole, there are still underlying issues that need
to be addressed. Analysis on underlying issues will continue in order to determine solutions. This will
include open meetings with feedback from stakeholders to determine the best solutions for any
remaining underlying issues. Also, as noted, there are many operational issues of wind integration
that have not been addressed in this analysis. Additionally, integration with neighboring systems
should also be addressed with further detail.

For comments on this report, e-mail ehvoverlay@spp.org.
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Nebraska Sensitivity

Nebraska entities decided to join SPP in the midst of the analyses for this 2008 EHV Overlay Study.
Since Nebraska was not a part of SPP when the study began, a sensitivity was performed to
determine what impact integration of the EHV Overlay into Nebraska would have on the overall plan.
The map below shows that the Knoll i Summit i Swissvale 765 kV line which is in the 2027 High
Wind 21GW scenario has been removed. The top section of the north loop is shifted into Nebraska.

The Nebraska sensitivity was ran in two scenarios, both of which use the year 2027. The first
scenario is with 13.5 GW of wind from the SPP footprint with an additional 2 GW of wind coming from
Nebraska. This corresponds with the previous 2027 expected scenario with additional wind in
Nebraska. The second scenario has 21 GW of wind from the SPP footprint with an additional 5 GW
of wind coming from Nebraska. This corresponds with the 2027 high scenario with an additional 5
GW of wind in Nebraska.

The following map shows the topology used in the first scenario with 2 GW of wind coming from
Nebraska and 13.5 wind coming from the rest of SPP for a total of 15.5 GW of wind development.
The starting point for this topology was Phase 3 described above. In order to integrate the Nebraska
section of the plan, additional 765 kV facilities are required between Wolf Creek and Swissvale as well
as Swissvale and latan. Previously, these facilities were not installed until the export legs were added
to the analysis.

Figure 14 1 Nebraska 2 GW of Wind
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Figure 15 1 Nebraska 5 GW of Wind
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The map shown directly above details the topology used in the 2027 Nebraska scenario with 5 GW of
wind coming from Nebraska and an additional 21 GW coming from the rest of the footprint for a total
of 26 GW of wind development. The starting point for this design is Phase 4 described above with
modifications for Nebraska transmission expansion. Included in this design is the removal of the Knoll
T Summit i Swissvale 765kV line due to redundancy with the 765 kV loop required for Nebraska wind
integration. Additionally, lines from Axtell i Cherry Co. 1 Ft. Calhouni latan are added to the plan at
765 kV. Lastly, the Knoll to Axtell transmission line is upgraded from 345 kV to 765 kV.

The Nebraska expansions for integration into the SPP EHV Overlay include the same additional lines

for the 2 GW and 5 GW wind scenarios. Each are just incorporated into a different EHV plan for the
rest of the footprint, either Phase 3 or Phase 4, depending on the wind levels in the rest of the region.
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For the analysis wind was assumed to be located primarily in Cherry, Brown and Rock counties with
smaller wind development in the six counties south of Cherry Co. The following maps detail the
location of the wind injection in Nebraska for both the 2 GW and 5 GW Nebraska sensitivities. The
wind was collected at the 765 kV node at Cherry Co. No assumptions have been made for the
underlying collector system of this wind for this sensitivity. These details will be covered in future wind
integration studies to be developed by SPP.
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