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1  Executive Summary

This EHV Restudy was performed to evaluate the caffef intensifying wind
development activity in portions of the SPP systamthe EHV recommendation that
Quanta Technolodgnd PowerWorld developed in the previous EHV Ower$iudy
conducted in the spring of 2007. This EHV Restatbp incorporated recent decisions
regarding the development of certain lines in tkestern portion of the SPP X-plan.

Quanta Technology evaluated a variety of optionadjust the top performing design
(Alternative 5) from the original EHV Overlay Study Ultimately four designs were
developed and their performance was compared.h®©tlieésigns discussed in this report,
Mid Point Design 2 and Mid Point Design 4 were ractended for inclusion in the SPP
economic benefits evaluation study. Quanta Tedyylecommends that all of the
designs be included in the Joint Coordinated Syf&mning discussions and considered
in inter-regional analysis.

Mid Point Design 2 and Mid Point Design 4 were toerforming designs for the
following reasons:
Best ratio of performance/cost
Flexible designs that provide beneficial relialiliteinforcement to key load
centers such as Oklahoma City, Kansas City and igich
Ability to extend interconnections to the east efifeely over a variety of different
paths.
Supports the ability of SPP, its members, its stalders, States and communities
within its territory to become leading providersrehewable energy to the US.

The EHV Restudy also developed a construction sexuéor the construction of the
EHV Overlay. Quanta Technology identified threeirmeonstruction packages. The
study recommends that the projects in package dobstructed for ultimate operation at
765 kV. The studies indicate that these projeatsle initially operated at 345 kV. The
study also identified key trigger levels for thejects identified as part of Package 1.

! Known as InfraSource Technology at the time ofdtiginal EHV Overlay Study in Spring of 2007.

SPP EHV Overlay Restudy pg 3 of 61 3/3/2008
Quanta Technology Final Version




2  Restudy Objectives

The purpose of this EHV Overlay Restudy was tovateate the recommendation from
the original EHV Overlay Study performed in spria§2007 in light of the following
recent developments:

1. Significantly increased interest in developing wipeheration in the SPP service
territory, especially in the panhandle of Texasstee Oklahoma and western
Kansas.

2. Project approvals for key lines in the westerrtiparof the SPP X-Plan.

In addition, this study was to develop a suggestgrdlementation sequence for the EHV
Overlay.

3  Restudy Methodology

For the EHV Overlay Restudy, the project team sthrtvith the study case and
assumptions from the original EHV Overlay StudyheTeam then adjusted the model to
reflect load growth to the year 2027. Finally, team adjusted the wind generation in
the model to reflect the changing expectations amdwarm development in the SPP
service territory. A mid point level of wind deegiment was selected for the model.

Using this model, the top recommendation from thgimal EHV Overlay Study was
used as the starting point for refining the desigiite team tested a series of different
termination points and system configurations. Tgerformance of these different
configurations was compared. Based upon these®ffour designs were developed for
detailed analysis.

Similar to the previous study, 4 future cases (dasare, high wind, no new nuclear
generation, and high new nuclear generation) wereldped to understand how each
design may accommodate the alternative future.

Finally, sensitivities were run on the base futtorainderstand how changes to the key
assumptions may impact the performance of the syst€hese sensitivities were high
load growth, low load growth, coal retirements &ingh wind generation.
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4  Assumptions in EHV Restudy

4.1 Previous Study Assumptions

For the EHV Restudy, Quanta Technology and SPPedgi@ re-use the assumptions
from the previous study where there was no prdateason for change. All assumptions
were reviewed, but many of the assumptions fronetréer study were still valid for the
EHV Restudy. Following is a brief summary of theswasptions adopted from the
previous study. Detailed discussion of the bagighese assumptions is found in
Appendix C of the June 27, 2007 revision of theaFiReport on the Southwest Power
Pool EHV Overlay Project. A copy of the report fmund at the following link:
http://www.spp.org/publications/spp_ehv_study_fimaport.pdf.

Load Growth Assumptions:
Ten year forecasted load growth rates based orarhbysis performed by SPP
and verified with the applicable LSE’s. For the \EHRestudy, the load was
increased using the same load growth assumptiangefars prior to the 202X
horizon. A review of the load forecast assumptisras made, including data
now available for the warm 2007 summer, but thislaipd review did not
indicate a reason for adjustment.

Demand Side Assumptions:
Low load growth sensitivity to explore possible meps of demand side
management and energy efficiency programs.
The low load growth sensitivity was also used tptoee effects of DSM
programs/new technologies (efficiency improvemeotsiservation efforts, smart
meters and innovative rate designs)

Generator Retirement Assumptions:
Coal plants over 40 years old & less than 250 MVE vedired.

Incremental Generation Base Load Assumptions:
For new generation required beyond that provideavioyl, a blend of 60% coal,
20% nuclear & 20% natural gas was assumed. (Natsimilar mix exists today
in the SPP footprint.)

Other Economic Assumptions:
Fuel prices from publicly available sources
Energy markets developing throughout eastern ioterect
Energy storage not explored

Cost Estimates:
The 2007 cost estimates used in the original Oye&tady were reused for this
study. The costs were inflated by 5% to reflé@fi&dollars.
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4.2 SPP Stakeholder Survey

In fall 2007, SPP developed a stakeholder survegsitertain the SPP stakeholders’
views on the future regulatory and operational tamnsts that should be factored into any
long-term planning study for the region. The resdtom the survey were used by
Quanta Technology to refine the wind model usedtiier EHV Restudy. Please see
section 4.3.4 for a detailed discussion of somh@furvey findings.

4.3 Wind Model

4.3.1 Previous Study

Since the 2007 study, developers have shown amastrg interest in building wind

farms in the SPP footprint. In the 2007 study, tBEP generation queue had
approximately 12,000 MWs of wind generation degjrio interconnect. Much of that

wind generation was located in the Texas panham#eed upon that information, the
model used in last years’ study was set up to captyections of wind at the following

locations:

¥ Potter up to 6000 MW s
¥ Harrington up to 4100 WWs
¥ Tuco up to 1000 MW
¥ Mooreland up to 1880 MW s
¥ Bpearville up to 900 MWW
¥ LaCygne up to 600 MWWs

Figure 1: Location of Wind in spring 2007 Study

4.3.2 SPP Generation Queue

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

Feasibility Requested: 7,390
Feasibility Completed: 2,110
Facility in progress: 1,320
Facility Completed: a0
mpact Study in process: 1,240
Impact Study completed: 1,210
& Suspended: 1,730
& Comercial; 1,630
& on schedule: 1,430
& Pending: a0

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

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

Kansas 7210
Ciklahoma 4 990
Mew Mexico 910
Missouri BE0
Texas 5,720
Total: 189 590

Figure 3: Wind Locations in SPP Queue - Nov 07

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

4.3.3 AWEA Projects

The team also used information provided by a draftd study report developed by
NREL, AWEA and the DOE. Projections provided imstldraft study were consistent
with the recent development in the SPP queue. r'Bbedy indicated that by 2030, wind
developments in the SPP footprint were expectegkteed 35,000 MWs, not including
Texas wind development.

The state-by-state projections provided in thigtdegport are striking. Interestingly, this
study shows that Oklahoma will lead Texas in wirekelopment through 2024. The
following figure from the draft report shows thepexted state-by-state wind nameplate
capacity installations by 2024.
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Wind Capacity
Total Installed (2024)
(GW)
0.0-01
0.1-1
|1-5
5-10 The black square in the center of a state represents the
land area needed for a single wind farm to produce the
- 10-20 projected installed capacity in that state. The white square
- >20 represents the actual land area that would be dedicated
4 : .
to the wind turbines (2% of the black square). Wind_Vision_06-19-2007 - DRAFT

Figure 4: National Projections of Wind Capacity by2024

This study also shows potential delivery pathwaystiie users of this renewable energy
resource. The authors expect that the energy gedvby these wind farms will be
delivered outside of the SPP footprint, primarity the Southeast US. The following
figure shows the study assumptions:

220% Wind Energy by 2030: Increasing Wind Energdstribution 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®

4.3.4 EHV Survey Results

In fall 2007, SPP developed a stakeholder survegsitertain the SPP stakeholders’
views on the future regulatory and operational traists that should be factored into any
long-term planning studies for the region. SPR seh 102 surveys to stakeholders. 52
were filled out and returned. The returned survases the basis for the information
provided in this section.

The survey focused on assumptions related to tfien's future supply and demand. It
was indicated in the Survey instructions that fetunvestments in the region’s
transmission system will be highly dependent orsehgtudy assumptions. SPP sought
stakeholder views on areas including the likelihaddnew nuclear generation in the
region, the anticipated level of wind generationd ghe potential impact of future
environmental policies.

The SPP Stakeholder Survey also provided significesights to the project team. The
majority of the respondents indicated that theyeex@a significant increase in wind from
the 2007 level of 3% of SPP generation. Of the@aedents, 68% indicated that wind
could represent as much as 10% of resources by. 2020 see as much as 15% of
installed capacity will be in the form of wind geagon by 2020.

® Ibid.
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Figure 6: Stakeholder Response on 2010 Wind Develoents in SPP

The survey also indicated that SPP stakeholdemvieethat transmission investment will
be required to support this level of wind. Of tlespondents, 67% believed that the
transmission expansion plans should support exgpttis wind. Also, 74% indicated
that they see an increase of net exports out oc5Rfe region in the long term.

Figure 7. Stakeholder Response on 2020 Wind Develments in SPP

The stakeholders also indicated they felt a fedRRE standard will develop. Of the
respondents, 58% indicated that a federal RPS atdncbuld occur by 2010. 82%
indicated that a federal RPS standard could ocg@0R0.
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Figure 8: Stakeholder Response on 2010 Federal RPS

Figure 9: Stakeholder Response 2020 Federal RPS

These survey results align well with the SPP Queesmelopments and the projections
provided by the authors of the draft NREL/AWEA/DGtdy.

4.3.5 Geographic Distribution of Wind for EHV Rest  udy

Based upon this information, the project team dgyadl a geographic model for wind
generation that heavily favored the western portibthe SPP footprint. The geographic
locations selected by the team represent a blenldeoinformation from the SPP queue
and NREL/AWEA/DOE wind study report. These locatiowere used by Quanta
Technology to identify likely substations for dery this wind energy to the SPP
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transmission system. The model developed for tH¥ Restudy was consistent with
wind development projections provided by SPP dupngsentations at the Oklahoma
Energy Summit on November 29, 2007 and at the Kak$ectric Transmission Summit
V on December 14, 2007.

The following map shows the geographic locationthefwind injections modeled by the
project team.

Figure 10: Geographic Location of Wind in EHV Restdy

To study the effect of this geographic distributidhe project team modeled the
injections for this wind at substations electrigaikear to these locations. The following
table shows the bus ID, substation, and the maxitvWs included in the powerflow
model:
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Figure 11: Substation Locations for wind in EHV Retudy

4.3.6 Wind Model Philosophy for Restudy

Despite the high level of projections for wind deyement in the SPP footprint, there is a
guestion of whether or not these exceptionally lighcentrations will materialize. A
convergence of national and state energy poliayddavner acceptance, equitable cost
recovery mechanisms, continued rejection of nuotegaroal as a future source of low-
cost, clean energy, no advancements in other saslai resources, etc. must occur in
order for the highest level projections to matézal

Quanta Technology, therefore, took a mid levelgteghilosophy for the wind modeling.
A series of mid point designs were developed fardageneration output of 13,500 MWs
in the SPP footprint. This output was allocatechgro-rata basis using the locations and
amounts shown in Figure 11. These mid point EH¥igles were then modeled and
analyzed.

Quanta Technology also increased wind output upOt@00 MWs to test and develop
potential additions for a possible addition to Ei¢V Overlay.

Ultimately from our work, 4 mid point designs wadentified for further consideration
by SPP and its stakeholders. These 4 mid poingmesre 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 &R planning staff, Quanta
Technology assumed that by 2027 a maximum of 60@dsMf wind could be utilized in
the SPP footprint. The remaining level so of wgeheration would be exported out of
the SPP region.

4.5 Nuclear Generation

For the base case model, Quanta Technology coutitauese the 2007 study assumption
of 2 new nuclear units at Wolf Creek (see sectidn.4 In the 2027 SPP Base Case two
nuclear units with total 2334 MW capacity are adaed the Wolf Creek substation (bus
#56751).

In the 2027 SPP High Nuke future four units areealditito the model. Two nuclear units
with total 2334 MW capacity are added into the W@ieek substation (bus #56751) and
two nuclear units with total capacity of 2334 MWeadded at the proposed Black Fox
nuclear site east of Tulsa, OK.

46 X-Plan

Since the initial study in the spring of 2007, tBEP Board of Directors has approved
several transmission projects for development bagsoh the SPP STEP planning
process. State planning authorities such as thesa&Electric Transmission Authority
have also authorized certain projects to proceed.

Key projects that significantly impact the EHV naedy are:

Wichita — Reno Co — Summit 345 kV

Rose Hill — Sooner 345 kV

Spearville — Comanche Co — Wichita 345 and/or 785 k
Spearville — Knoll — Axtell 345 kV tie to Nebraska.

As a result of these actions, Quanta Technologyde®d the topology of these projects
into the base model. Even though the topology lweked, Quanta Technology still
considered the voltage level of these projectssiady parameter.

The following figure shows these X-plan projectsd atineir 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 suggest@dk¥overlay for the Ozarks portion
of the SPP system. A description of the plan majoloind in Section 4.1 of the June 27,
2007 revision of the Final Report on the SouthviResiver Pool EHV Overlay Project.

Since the publication of the original overlay studgults, SPP has moved forward with a
345 kV reinforcement plan for the Ozarks.

The following figure shows the topology used fog thzarks in the EHV Restudy:
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Figure 13: Ozarks Reinforcements used in EHV Study

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

Brookline-Summit-Table Rock-Osage Creek 345kV

Table Rock-Bull Shoal- Norfork - Thayer-Gobbler Kng45 kV
Osage Creek — E. Roger — Centerton — Flint Creékk¥4

Flint Creek — Chamber Spring — S. Fayetteville ag¥sCreek 345 kV
Flint Creek — GRDAL — Chouteau 345 kV

S. Fayetteville — Van Buren — ANO 500 kV

The following lines are modeled in the EHV Restudying 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 adoptede reinforcements and
included them in the base topology.
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4.8 ERCOT Exports

Given the recent PUCT staff decision to proceechwteRCOT expansion into the
Panhandle to harvest high potential CREZ developsnand deliver the energy to
ERCOT, Quanta Technology did not adjust exporER&OT for the EHV Restudy.

4.9 WECC Exports

Given the large amount of wind in the model and {aential for significant
transmission expansion on the far eastern edgheofMECC system (e.g., High Plains
Express), the project team recognized that theesohthe wind in the model may be
delivered to the WECC system via the asynchronmss tAfter discussions with SPP
planning staff, Quanta Technology assumed thatcxppately 20% of the wind from
SPP wind generation would be exported to WECC. tRermid-point design analysis,
the export level was set to 3000 MWSs.

Quanta Technology assumed the 75% of the exporlidno@ delivered at the Lamar
interconnection. The remaining 25% would be de#deo 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 céipatn the west out of the Eddy
County interconnection.

4.10 Eastern Interconnection Exports

The model for exports to the Eastern Interconnacttas modified significantly from the

original study. Based upon input provided by SR# segarding inter-regional planning

discussions, Quanta Technology has modeled expmiise eastern interconnection so
that 50% of the exports go to the Northeastern ddniStates and 50% go to the
Southeastern United States.

To model the SPP system for exports, a super aesadsfined for the SPP member
control areas. This approach allows for exporsmfrSPP to be supplied from all
members of SPP on a pro-rata basis using availabiéne generation.
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5  Mid-Point Design Development Process

The significant increase in wind generation contieteol within the SPP footprint and
the shift in the geographic distribution toward tees Oklahoma and Kansas resulted in
a need to re-evaluate the EHV Overlay plan develap¢he previous study.

Quanta Technology recognized from our previous\stuih PowerWorld Corporation
that the overlay would generally perform well aswavievels increased. The previous
study tested wind levels up to 12,000 MWs of thadunodel output. However, in the
original EHV study, the detailed design developmantl the alternative comparisons
were performed at 6000 MWs of wind output. Baspdnuthe revised wind assumptions,
the EHV Restudy would need to evaluate a continwaingl generation level of 13,500
MWs. This section describes the rational used dgetbp the Mid Point Designs
sufficient to support these levels.

5.1 Alternative 5 Starting Point

For the EHV Restudy, Quanta Technology used Alteresb from the original EHV
Overlay Study as the starting point for the design§he following figure shows
Alternative 5:

Figure 14: Recommended Plan from spring 2007 EHV @erlay Study
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5.2 Collector Design Refinements

As the project team started to increase the wingl$ein excess of 10,000 MWs, it
became apparent that the heavy concentrations rad wi the western portion of SPP
needed to have a more detailed collector desigsufport contingencies in the EHV
overlay. To illustrate this issue, see the follogvifigure showing flows for an early
design that closely matched Alternative 5 fromahginal EHV study.

Figure 15: Flows on Early Modification to Alternative 5

The figure shows the flows on the network for tlemtohgency of Elk City to Lawton
Eastside 765 kV line. In this case, total wind ggation is 13,500 MWs and wind
exports to the eastern interconnection are se0@® MWs. Because wind development
may significantly exceed these levels, Quanta Teldyy adjusted the EHV Overlay
design to better distribute flows throughout the\EBGverlay.

A series of studies was run to evaluate how toeaehthe objective of better EHV loop
flow distribution. As a result of this analysisughta Technology created a collector
system for the western portion of the SPP footpaimd integrated this collector system
into different locations of the EHV overlay to aebe satisfactory N-1 performance.
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5.3

Load Reinforcements

Because of the PUCT recommendation on CREZ, Qudmtehnology took the
opportunity to re-evaluate termination points foe tEHV Overlay around Oklahoma
City to provide local-area, reliability reinforcente

During the previous study, the WFLR studies indidathat Kansas City may have need
for additional generation outlets. The need in d@hea for generation outlets has been
identified by SPP in the SPP Transmission Expan$itan 2008-2017 approved on
January 29, 2008. In that document, SPP ident#reddditional 345 kV line from latan
to Nashua as an economic upgrade opportunity. Torereas part of the EHV Restudy,
Quanta Technology explored routing the EHV loop uatb Kansas City before
completing the connection to the east.

5.4

Other Overlay Adjustments Considered

During the design phase, the team considered tleeving ideas as well.

1.

Run the southern end of EHV loop on north side &fa@oma City using the
following lines -

a. Woodward/Mooreland to Cimarron

b. Cimarron to Northwest
(Note: The team did not pursue this idea due ¢k laf reinforcement in the
southern portion of SPP and the reduced abilityetoforce ties to ERCOT if the
CREZ decision changes.)

. Double circuit 345 kV from Woodward/Mooreland toctuinstead of 765 kV

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

Moving the Muskogee termination point to Oneta.
(Note: This change had little effect on costse litows or exports, therefore it
was not included in the mid point designs.)

Various combinations of 765kV and 345 kV. (Not&his idea provided useful
insights for staging construction)

Spearville to Knoll to Swissvale 765 kV insteadGdmanche to Wichita. (Note:
this idea was not considered for the mid pointglesidue to the commitment to
develop the Comanche to Wichita line. Howeveprdvided excellent insights
for an ultimate potential build-out of an EHV pltor SPP.)
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5.5 Interconnection Alternatives to the East

Flow patterns associated with exports modeled édetiels used in this study are highly
dependent upon assumptions made regarding systemmsate external to the SPP
footprint. For example, generation patterns in tipper Midwest have a significant
impact on the export capability of a design. Imtipalar, changing the generation of key
facilities in the upper Midwest can significantlifexct flows on the EHV tie out of latan

in the 4 designs discussed above.

The project team evaluated different options faericonnecting SPP to its eastern
neighbors. For the northeastern portion of the $@kem, Quanta Technology evaluated
two interconnection options. The first option ntt@nnected to the east from latan
substation to Thomas Hill, on into Powerton analfiynconnected at Collins Substation.
The second option interconnected to the east franydine substation to Sedalia, on into
Labadie and finally connected at Collins Substation

For the southern interconnection, Quanta Technoklgy evaluated two main options.
In this case, both options used the same connectint at two different voltage levels.
For this interconnection, the route was from Mus@d¢o Fort Smith, on into Arkansas
Nuclear One and finally connected to Independeri®. SThe portion from Fort Smith to
the east was evaluated at both 765 kV and 500 kV.

Quanta Technology selected the latan route to tréhrand the 765 kV construction
option in the south. The 500 kV lines from Flinte€k to Fort Smith to NW Texarkana
and into McNeil were included as part of the refoément in the south.

A more detailed description of these interconnectaptions, including examples of
system performance, are included Appendix 2.
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6  Mid Point Designs

Based upon the design efforts described in se&iand the level of wind in the model
for the EHV Restudy, Quanta Technology selected id Pbint Designs for detailed
analysis. Quanta Technology modeled 20,700 MWsanheplate wind and performed
the analysis with an output on-peak of 13,500 MW&e system designs to support this
level of wind generation are named “Mid Point Desil

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

Figure 16: Mid Point Design 1
Following are some of the key aspects of Mid PBiesign 1:

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

SPP EHV Overlay Restudy pg 22 of 61 3/3/2008
Quanta Technology Final Version




Addition of a termination at Elk City to allow collection of the wind
developments connecting to the Elk City substation.

Termination at Lawton Eastsidesubstation instead of Oklaunion to -
o lower overall construction costs due to shortex im Seminole
0 add reinforcement to the Oklahoma City area

Addition of a 765 kV Interconnection to Entergy atArkansas Nuclear One
and Independence SE%o increase export capability.

6.1.1 Benefits
Mid Point Design 1 provides the following benefits:

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

Tie into latan provides voltage support and impmbtransmission ties for Kansas
City to provide generation outlets and accommoftigtee load growth.

Western side of collector system design can begdedi so as to provide
additional reinforcements for Amarillo, Lubbock anther communities in the
Texas panhandle.

Significantly increased export capability to sugpmcess to energy markets.
Enhanced import capability to get access to low mgonal energy.

Allows the states within the SPP footprint to beeomeading providers of
environmentally friendly, renewable energy for ths.

Tightly coupled electric grid to allow environmeltyariendly balancing of wind
energy with local area natural gas generation.

Allows for effective interconnections for EHV systedevelopment by SPP’s
neighbors to the north and east.

Cost effective solution with minimized ROW impacts local area communities
and landowners versus lower voltage transmission.

In common with Mid Point Designs 2 and 4, Mid Pdidsign 1 terminates at Lawton
Eastside instead of Oklaunion. This provides tbéoWing benefit unique to these
designs:
Tie into Lawton Eastside provides voltage suppod &HV tie for Oklahoma
City to accommodate future load growth.

6.1.2 Cost Estimates

The total cost estimate for Mid Point Design 1 &7& Billion (not including costs for
the Ozarks reinforcement projects).
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The following tables identify the components in Midint Design 1 that are completely
within the SPP footprint and which constitute thvertay 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 Midint Design 1 that are completely
within the SPP footprint and which make up theesxithr system design:

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

Figure 20: Mid Point Design 1 Collector Sub Costs

The following tables identify the components in Midoint Design 1 that are
interconnections with SPP neighbors and would Imsidered 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 Mibint 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 PoDésign 2.

Figure 25: Mid Point Design 2
Following are some of the key aspects of Mid PBiesign 2:

Addition of a collector systemsufficient 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 Eastsidesubstation instead of Oklaunion to -
o lower overall construction costs due to shortex im Seminole
0 add reinforcement to the Oklahoma City area
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Addition of a 765 kV Interconnection to Entergy atArkansas Nuclear One
and Independence SE$o increase export capability.

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

6.2.1 Benefits

Mid Point Design 2 provides the following benesimilar to Mid Point Design 1:

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

Tie into latan provides voltage support and EHVftie Kansas City to provide
generation outlets and accommodate future load throw

Western side of collector system design can bestbsbd as to provide additional
reinforcements for Amarillo and Lubbock and othemenunities in the Texas
panhandle.

Significantly increased export capability to sugparcess to energy markets.
Enhanced import capability to get access to low mgonal energy.

Allows the states within the SPP footprint to beeothe leading providers of
environmentally friendly, renewable energy for ths.

Tightly coupled electric grid to allow environmeltyariendly balancing of wind
energy with local area natural gas generation.

Allows for effective interconnections for EHV systedevelopment by SPP’s
neighbors to the north and east.

Cost effective solution with minimized ROW impacts local area communities
and landowners versus lower voltage transmission.

In common with Mid Point Designs 2 and 4, Mid Pdidsign 1 terminates at Lawton
Eastside instead of Oklaunion. This terminatioovptes the following benefit unique to
these designs:

Tie into Lawton Eastside provides voltage suppod &HV tie for Oklahoma
City to accommodate future load growth.

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

Avoids construction in the environmentally sengtand pristine Flint Hills area.
Provides reinforcement to south side of Kansas ifyrovide a second tie to the
EHV system for voltage support and system reinfoet.
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Allows for a logical alternative (or additional)t@rconnection to the eastern
interconnect from the LaCygne substation.

6.2.2 Cost Estimates
The total cost estimate for Mid Point Design 2 s Billion (not including costs for
the Ozarks reinforcement projects).

The following tables identify the components in Midint Design 2 that are completely
within the SPP footprint and which constitute tivertay 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 Midint Design 2 that are completely
within the SPP footprint and which make up theexitr system design:

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

Figure 29: Mid Point Design 2 Collector Sub Costs

SPP EHV Overlay Restudy pg 30 of 61 3/3/2008
Quanta Technology Final Version




The following tables identify the components in Midoint Design 2 that are
interconnections with SPP neighbors and would Imsidered 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 indwoint 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 Poésign 3.

Figure 34: Mid Point Design 3

Following are some of the key aspects of Mid PBiesign 3:

Addition of a collector systemsufficient 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 completiebtigh the following path
Muskogee to Neosho
Neosho to LaCygne
LaCygne to Wolf Creek

Addition _of a termination at EIk 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 atArkansas Nuclear One
and Independence SE$o increase export capability.

Retains termination at Oklaunion

6.3.1 Benefits

Common to the other designs, Mid Point Design ¥idies the following benefits:

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

Tie into latan provides voltage support and EHVftie Kansas City to provide
generation outlets and accommodate future load throw

Western side of collector system design can bestbsb as to provide additional
reinforcements for Amarillo and Lubbock and othemenunities in the Texas
panhandle.

Significantly increased export capability to sugparcess to energy markets.
Enhanced import capability to get access to low magonal energy.

Allows the states within the SPP footprint to beeothe leading providers of
environmentally friendly, renewable energy for ths.

Tightly coupled electric grid to allow environmeltyariendly balancing of wind
energy with local area natural gas generation.

Allows for effective interconnections for EHV systedevelopment by SPP’s
neighbors to the north and east.

Cost effective solution with minimized ROW impacts local area communities
and landowners versus lower voltage transmission.

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

Avoids construction in the environmentally senstand pristine Flint Hills area.
Provides reinforcement to south side of Kansas ©ifyrovide a second tie to the
EHV system for voltage support and system reinfiomemet.

Allows for a logical alternative (or additional) t@rconnection to the eastern
interconnect from the LaCygne substation.

Mid Point Design 3 differs from the other designystérminating at Oklaunion instead of
Lawton Eastside. This offers the following addiiab benefits:
Allows for lower cost capital investment to increaghe asynchronous
import/export capability with ERCOT.
Provides additional voltage support and local aegaforcement 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 %18 Billion (not including costs for
the Ozarks reinforcement projects).

The following tables identify the components in Midint Design 3 that are completely
within the SPP footprint and which constitute tivertay 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 Midint Design 3 that are completely
within the SPP footprint and which make up theexitr system design:

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

Figure 38: Mid Point Design 3 Collector Sub Costs
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The following tables identify the components in Midoint Design 3 that are
interconnections with SPP neighbors and would Imsidered 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 Mibint 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 Poésign 4.

Figure 43: Mid Point Design 4
Following are some of the key aspects of Mid PBiesign 4:

Route into Wolf Creek from LaCygne to avoid routing from the south through
the Flint Hills area. The route now is completiebtigh 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 systemsufficient 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 Eastsidesubstation instead of Oklaunion to -
o lower overall construction costs due to shortex im Seminole
0 add reinforcement to the Oklahoma City area

Addition of a 765 kV Interconnection to Entergy atArkansas Nuclear One
and Independence SE%o increase export capability.

6.4.1 Benefits

Mid Point Design 4 provides the following benefits:

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

Tie into latan provides voltage support and EHVftie Kansas City to provide
generation outlets and accommodate future load throw

Western side of collector system design can bestbsb as to provide additional
reinforcements for Amarillo and Lubbock and othemenunities in the Texas
panhandle.

Significantly increased export capability to sugparcess to energy markets.
Enhanced import capability to get access to low magonal energy.

Allows the states within the SPP footprint to beeothe leading providers of
environmentally friendly, renewable energy for ths.

Tightly coupled electric grid to allow environmeltyariendly balancing of wind
energy with local area natural gas generation.

Allows for effective interconnections for EHV systedevelopment by SPP’s
neighbors to the north and east.

Cost effective solution with minimized ROW impacts local area communities
and landowners versus lower voltage transmission.

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

Avoids construction in the environmentally senstand pristine Flint Hills area.
Provides reinforcement to south side of Kansas ©ifyrovide a second tie to the
EHV system for voltage support and system reinfiomeet.

Allows for a logical alternative (or additional) t@rconnection to the eastern
interconnect from the LaCygne substation.
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In common with Mid Point Designs 1 and 2, Mid Pdiésign 4 terminates at Lawton
Eastside instead of Oklaunion. This terminatioovmtes the following benefit unique to
these designs:

Tie into Lawton Eastside provides voltage suppod &HV tie for Oklahoma
City to accommodate future load growth.

Mid Point Design 4 is unique in that it ties thendicollector system into the Overlay
loop at Elk City instead of Oklaunion or LaCygné&his configuration provides the
following additional benefits:

Additional reinforcement opportunities for the Arnflar Texas area.
Lower cost wind collector system connections folEZR 3 and 4.

6.4.2 Cost Estimates

The total cost estimate for Mid Point Design 4 &9 Billion (not including costs for
the Ozarks reinforcement projects).

The following tables identify the components in Midint Design 4 that are completely
within the SPP footprint and which constitute thvertay portion of the design:

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

SPP EHV Overlay Restudy pg 39 of 61 3/3/2008
Quanta Technology Final Version




Figure 45: Mid Point Design 4 Overlay Sub Costs

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

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

Figure 47: Mid Point Design 4 Collector Sub Costs
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The following table identifies the components in dMPoint Design 4 that are
interconnections with SPP neighbors and would Imsidered 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 indwoint 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 paint designs and a brief discussion
of the reason for the cost difference.

Figure 52: Cost Summary
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7 Alternative Futures and Sensitivities

As in the original EHV Overlay study, Quanta Teclogy created 4 futures cases and 4
sensitivities for comparing the cases. In additmthe 2027 basecase future, the
following additional futures were also analyzed:

High Nuclear Generation Future
In this future, the only difference from the 202&sbcase 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 202&%sbcase is that additional generation is
allocated as 60% coal and 40% gas.

High Gas Generation Future
In this future, the only difference from the 202&%sbcase is that additional generation is
allocated as 40% coal, 20% nuclear, and 40% gas.

Each future was treated as a separate basecagstdded sensitivity analysis.

Sensitivity Runs

In addition to the 2027 basecase and alternatitteds, sensitivity runs were performed
to test the performance of each of the Mid Poirgifes.

Higher than Forecasted Load Growth
This sensitivity is designed to address strongen thnticipated economic growth during
the 20 year period.

Lower than Forecasted Load Growth
This sensitivity is designed to address increasttiency, demand effectiveness,
distributed generation advancements and/or weakosaiz growth.

Coal Retirements Less than 250MWs

Retire coal plants that are 40 years old as of 2806 less than 250 MWs. This
sensitivity is designed to address aging units &riowed environmental performance to
meet possibly tightened emissions requirements.

Increased Wind Capacity

Increase the wind energy output to 16,500 MWs. s Beinsitivity is designed to address
improvements in wind turbine design & the emergiagdency toward building higher
towers.
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7.1 Losses

The following table shows the on-peak loss estinf@teach of the Mid Point Designs.

Figure 55: Summer Peak Loss Comparison (MWSs)
Mid Point Design 2 has the lowest losses of thegighs presented.

7.2 Exports

Exports were calculated with the latan to Thomds#85 kV open. Monitoring on the
SPP system was set to 200kV and above. Exportswereased for each of the designs
in each of the future cases.

There was some variation in export performancelermid point designs, but it was not
significant. The following table shows the measuralues:

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 futuresiimh mid-point design, for a total of 64
cases (4 designs x 4 futures x 4 sensitivitiesthEase modeled 13,500 MWs of wind
generation, 3000 MWs of export to WECC, and 5000 M@V export to the eastern
interconnection. All cases were checked for baseaaolations. No violations were
found.

Because of the large number of cases, contingenaes 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 complgrab As a result, strategic
considerations (e.g., routing facilities near ERC@nhd WECC) and economic
performance will be key factors in the final topgyoused 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 Betn route into Wolf Creek may
not be feasible due to difficulty of acquiring rtgbf way through or around the
Flint Hills. If ROW is obtainable, significant cosavings could be achieved.

Mid Point Design 2 changes the route into Wolf @raethe east from LaCygne
instead of the south from Muskogee. As does MiohtPDesign 1, it reinforces
the Oklahoma City area by terminating at Lawtonts&ide instead of Oklaunion.
It has the lowest losses of the designs and the lthghest cost

Mid Point Design 3 uses Oklaunion as the south eveshub for the EHV
network. It provides less reinforcement for OklateoCity, but provides a closer
geographic link to Texas, should increased intanection with ERCOT become
a future objective. It has the highest construrctiosts and losses of the group.

Mid Point Design 4 uses Elk City as the tie for agxvind developments. It has
the lowest cost per MW export of the designs messutt has also second lowest
overall costs and second lowest losses of the desig
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8  Construction Sequencing

For this section, Mid Point Design 1 is used tastfate the construction sequence
discussion.

8.1 Construction Package Drivers

The sequence of construction is driven by a nurob&actors. 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 energyded by the wind farms
Existing infrastructure available to deliver theeegy generated by the wind farms

Quanta Technology used the SPP STEP report, the G&teration Queue, and
supplemental analysis to address these issues arelog the suggested construction
packages.

8.2 Package 1

Quanta Technology recommends that constructionnbggthe western portion of the
system. Wind development is already occurrindhat portion of the system and there is
a need to deliver this wind energy to the load eenof Oklahoma City, Wichita, Kansas
City, Little Rock and other areas. There is &lattransmission from the west to the
east to deliver this energy. Finally, western ijpot of the X-plan have been authorized
for proceeding with development. The EHV in wesi wrovide the ability to deliver
this wind energy reliably.

Using Mid Point Design 1 as the basis, the follayvget of projects is recommended in
the first package:
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Figure 59: Recommendation for Construction Packagé
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This package can be further broken down into tkteps.

The first step for package one should concentratthe approved portion of the X-plan.
This will provide an infrastructure to deliver wirehergy as it develops in Kansas and

Oklahoma and provide a load center, Wichita, t& sinis energy.

Figure 60: Step 1 of EHV Construction
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The second step should focus on extending portwériee EHV into the panhandle of
Oklahoma and south into Oklahoma City via LawtorstBige. This will reinforce the
electric system in that area to enhance reliabditg will allow for the delivery of wind
energy to another major load pocket. The exadhgrof these decisions and selection of
order for these lines would be triggered by the amt® 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 itibe Texas panhandle for system
reinforcements and for interconnecting the windlifaes in CREZs 1, 2, 3, 4 and 21 to
the SPP system. The third step is shown in theviog 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 figicement of the load serving area
around Kansas City and the provision of generatitiets in that area.

In addition, the southern portion of the route dtlaontinue from the west to the east to
facilitate a tie to SERC. This will also posititime EHV grid development to support
additional generation at Black Fox should that ddeelop.

Following is the recommendation for Package 2 ofstauction.

Figure 63: Package 2 of EHV Construction

For this package, the construction sequence caufuebformed as follows:
1. latan to Thomas Hill (increase outlet capability)
2. Thomas Hill to Powerton to Collins (tie to the gast
3. Wolf Creek to latan (increase local load servingptdn & provide outlet for Wolf
Creek)
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4. Seminole to Muskogee (progress loop around sotrlgessystem 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 complet ltop 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 thetsdar contingency support)

2. Build tie to SERC (improve N-1 performance, inceeasitlet capability)

3. Close loop between Wichita to Wolf Creek (existirejwork provides acceptable
performance until high levels of wind generationelep; 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 fadtwas impact construction sequencing
the farther out in time one looks, Quanta Technplfmgused only on the sequence of
construction for steps identified in Package 1.

Hitchland to Mooreland/\WWoodward:

To develop a sense of the loading in the Hitchlareh, the project team first looked at
2010 summer peak load flow case. Based upon tiReSSHEP 2010 summer peak load
case, the Finney to Holcomb loading is:

TO AREA 534 SUNC
X---- FROM AREA BUS ----X X---—- TO AREA BUS—--X
BUS# X-- NAME --X BASKV  BUS# X-- NAME --XBASKV CKT MW  MVAR
523853 FINNEY7 345.00 531449 HOLCOMB74530* 1 -218.0 13.8
TOTAL FROM AREA 526 TO AREA 534 -218.0 138

With a summer rating of 987 MVA, this indicates tttround 700 MWs of wind
generation in the Oklahoma panhandle collectedhatHitchland substation may be
sufficient to trigger construction.

Our independent analysis confirms this assessmetitichland substation is slated for
construction in 2009. Therefore, loading of trensformer for the loss of the Hitchland
to Potter 345 KV is the worst case contingencyr this contingency, we observed that
the Hitchland 345/230 kV transformer starts to et in our model with combined

wind generation at Hitchland and Finney/Holcomb&@ MWs of actual generation.

2" Elk City Transformer
Quanta Technology also looked at the STEP studytsefor flows on Grapevine to Elk
City. SPP indicated peak flow to be about 40 MWghe Stateline to Elk City line.

TO AREA 520 AEPW
X---- FROM AREA BUS ----X  X----- TO AREA BUS----X
BUS# X-- NAME --X BASKV  BUS# X-- NAME --XBASKV CKT MW  MVAR
523777 STATELINE 6 230.00 511490 ELKCITY63®00* 1  40.2 3.6
523811 MCLEAN 3 115.00 512107 SHAM 3WT15100* 1 16.6 3.6
524088 KIRBY3  115.00 512086 JERICHO31500* 1  15.0 3.3
525832 TUCO_INT 7 345.00 511456 O.K.U.-74530* 1 -43.4 57.2
TOTAL FROM AREA 526 TO AREA 520 285 67.7

With a summer rating of 319 MVA, this implies thatound 300 MWs of wind
generation near Elk City will be enough to trigglee addition of the second Elk City
transformer.

Our analysis confirms this assessment. With tiseiraption that wind will connect at
230 kV bus at the Elk City, our studies show tiat 230/138 kV transformer overloads
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for the loss Elk City to Grapevine for wind geneyatat 300 MWs or above. Therefore,
once Elk City wind generation hits 300 MWs, a settransformer should be installed.

Mooreland/Woodward to Lawton Eastside

Analysis was performed to determine the trigger fextending south from

Mooreland/Woodward level. For combined wind getiera levels of 1500 at

Mooreland/Woodward and Hitchland, the Mooreland/338 kV transformer begins to
overload for the contingent loss of the proposedjeat Mooreland/Woodward to

Northwest. Before this loading level occurs, theelto Lawton Eastside should be
constructed. To prevent overloading at ElIk Citik Eity should not be connected until
the line from Woodward/Mooreland to Lawton Eastsgleompleted.

Conversion to 765 kV

Analysis was performed to determine the trigger donverting operation to 765 kV.

Before the analysis was conducted, the ratingd®flihes were converted from 765 kV
operation to 345 kV operation. The impedance \slwere the same, so the team
recalculated the surge impedance loading of the diperated at 345 kV. Due to the

operating voltage reduction, the surge impedanealihy (SIL 22 ,/Z.) of the

transmission line is reduced to 20% of its 765k\sige value. The per unit line
impedances were then converted to match the new bakage by multiplying by
(V2 IV.2

base old base new)'

Based upon our analysis, Package 1 operated atk@4%ill show overload on the

Lawton Eastside to Mooreland/Woodward at wind gatien levels of 4620 MWs for the
contingent loss of Comanche to Wichita. In thigfeguration, all of the wind generated
in the western portion of SPP will be deliveredDiklahoma City.
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Summary Table

The following table summarizes the trigger poirmssgackage 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 ener
output at Hitchland and Finney
560 MWs

Hitchland to Mooreland/Woodward

(build @ 765 kV, operate @ 345 kV)

Sustained, wind energy output
Elk City 300 MWs

Second 230/138 kV transformer at Elk C

Combined, sustained wind ener|
output at Mooreland and Hitchlar
1500 MWs

Mooreland/Woodward to Lawton Eastsid

[¢2)

(build @ 765 kV, operate @ 345 kV)

Sustained, total SPP wind ener
output 4600 MWs

Convert Package 1 to 765 kV operation

Sustained, wind energy output
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 mensband its stakeholders improved
reliability for the SPP electric system while prawig the ability to be a leading provider
of sustainable energy for the United States. Adbigns are flexible and allow for
alternative interconnections to the east and feitind collector system

Based upon cost, summer peak performance, exppéabday and losses, Mid Point
Design 2 and Mid Point Design 4 are the top twdgrering options. Both terminate at
the same substations for the EHV Overlay loop. yTdiéer in that the western portion
of the overlay (collector portion) terminates ak Elity for Mid Point Design 4 and at
Lawton Eastside for Mid Point Design 2.

It is recommended that SPP use Mid Point Desigm® Mid Point Design 4 in the

economic evaluation phase of the SPP expansionnipignprocess. It is further

recommended that SPP present all of these desggnsofisideration in inter-regional
planning conducted by the Joint Coordinated Sy$anning committee formed by SPP,
MISO, PJM, and TVA.

Finally, based upon the trigger levels identifiedtbe project team, it is recommended
that construction of the Wichita to Comanche, Cochanto Spearville and Comanche to
Mooreland/Woodward be at 765 kV standards. Inibpkeration at 345 kV will be
acceptable for this package of projects. The rewentded 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 outpu Hitchland to Mooreland/Woodward

Hitchland and Finney 560 MWs

Sustained, wind energy output at Elk City Second 230/138 kV transformer |at

300 MWs Elk City

Combined, sustained wind energy outpu Mooreland/Woodward to Lawton

Mooreland and Hitchland 1500 MWs Eastside

Sustained, total SPP wind energy outpu Convert Package 1 to 765 kV

4600 MWs operation

Sustained, wind energy output at Elk City If 765 kV is complete or pending:

600 MWs 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

SPP EHV Overlay Restudy pg 59 of 61 3/3/2008
Quanta Technology Final Version




10 Next Steps

The designs presented in this report are based cgrtain key assumptions. If these key
assumptions change, then adjustments may be rdguareptimize the EHV Overlay
performance. If this occurs, the SPP planning gsscis capable of assessing these
changes and factoring them into the future plafhke SPP process is an open planning
process and, therefore, can effectively monitorettgyments within the region and
determine if adjustments to EHV Overlay are regliire

As stated in the recommendation, the recommendgt step is to perform a detailed
economic benefits assessment of the EHV designgided in this report, in particular
Mid Point Design 2 and Mid Point Design 4.

It is further recommended that SPP use all of tliEsegns as the basis for plans to be
developed by Joint Coordinated System Planning ctteenformed by SPP, MISO,
PJM, and TVA. The inter-regional discussions argartant as they will provide
additional insights into key assumptions such as

Generation patterns for critically located genemton 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 oridhewing items:

1. Determine voltage level for Spearville to Knoll.f Built to 765 kV
standards, will provide the future capability oflding out of Knoll to the
east to reinforce the network or to the north teetage off of EHV
expansion that may develop in the upper centralMidsvestern US. See
Appendix 3 for a discussion of a possible futurpagsion.

2. Finalize the route for the Guymon to Mooreland/Wwadd to Oklahoma
City area 345 kV line. The Guymon to Mooreland/\Waard line is
replaced by the 765 kV Hitchland to Mooreland/Woadivline in the mid
point designs. During the study, Quanta Technologyed that a
Northwest substation termination performed wellhwihe EHV designs
proposed in this report. Quanta Technology noteat &t Cimarron
termination tended to heavily load with the EHV ides.

3. Further study the interconnections, especiallyh® $outheast. Quanta
Technology noted that the overall export capabwitgs reduced if the
interconnections were built to 500 kV. If 765 k\bnstruction into
Arkansas Nuclear One and Independence SES areeastble, then
alternatives such as the following should be careid 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 lobpdditional nuclear
generation is not developed at Wolf Creek.

5. Determine if 765 kV is optimal on the far westerortppn of the wind
farm collector system. Because of loading levelsertain of these lines,
high capacity 345 kV lines may be appropriate ifnavigeneration
developments don’t materialize to levels currestiyisioned.
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