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Executive Summary

1.1 Introduction

This Midwest ISO Transmission Expansion
Plan 2005 (MTEP 05) report describes the currently
recommended transmission needs for the Midwest
ISO transmission System. In accordance with the
Transmission Owners’ Agreement (TOA), approval of
the Midwest ISO Plan by the Board certifies it as the
Midwest ISO’s plan for meeting the transmission needs
of all stakeholders subject to any required approvals by
federal or state regulatory authorities.

MTEP 05 has identified, through its Baseline
Reliability study process, 615 planned or proposed
facility additions or enhancements representing an
investment of $2.91 billion through 2009, primarily to
maintain reliability. In addition to these facilities, the
report describes two other large scale “Exploratory”
plans that continue to be evaluated by the Midwest
ISO and stakeholders for their potential regional
benefits. The results of the Baseline Reliability study of
MTEP 05 indicate that the Midwest ISO Transmission
System as projected for the year 2009 is expected to be
able to perform in accordance with NERC Planning
Standards for normal system conditions, events
involving loss of a single transmission facility, and for
most events involving loss of more than one facility.
This performance will require that the Planned projects
listed in Appendix A to this report go forward, and that
the Proposed projects or suitable alternatives are in
place. The more than 600 Planned or Proposed facility
additions needed to enable the Transmission System
to meet reliability standards are listed in Appendix A.
This Midwest ISO Transmission Expansion Plan 2005
(MTEP 05) report is the second regional expansion plan
produced by the Midwest ISO since start of operations
in February 2001. The Midwest ISO Board of Directors
approved the first regional plan, MTEP 03 in June
2003. The independent system reliability assessment
contained in this MTEP 05 should be considered
together with the commercial observations drawn in

MTEP 03 and in Chapter 7 of MTEP 05. Together, these
analyses indicate that the currently planned expansion
to the Midwest ISO Transmission System are expected
to result in a system that meets reliability requirements,
but for which there is opportunity for additional regional
expansion to further address congestion and to provide
for access to new generation additions. The MTEP 05
work has established that the expansions in Appendix
A will provide for a reliable system, but the Midwest
ISO has not independently evaluated at this point in the
developing expansion planning process whether these
expansions are the most efficient solutions to reliability
issues identified. The Midwest ISO will continue to
work with stakeholders as the planning process evolves
to identify and provide for the most efficient solutions to
reliability issues, as well as the further identification of
broader regional solutions to stakeholder needs.

This MTEP 05 comes at a time of significant
transitions for the Midwest ISO. At the time of this
writing, the Midwest ISO is at the start of operations of
the Midwest Market Implementation, the transmission
and energy market for the Midwest ISO region. This
region spans 15 states, and 947,000 square miles from
the Dakotas to Kentucky, and includes more than
119,000 Mw of demand, 97,000 miles of transmission
and diverse generation resources.

This is a time of transition as well for the planning
process that will support the implementation of the
Midwest Market. Together with stakeholders, the Midwest
ISO has been developing a transmission pricing policy and
additions to the planning protocol that was established in
the Transmission Owners’ Agreement. This policy and
protocol will enable the Midwest ISO to meet the needs of
the market by planning for and promoting the development
of system expansion needed to relieve constraints to the
efficient delivery of energy from resources to load, and by
providing increased certainty to the cost responsibility and
recovery for these expansions.
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MTEP 05 identifies expansion needed for a

2009. These expansion plans are listed in Appendix A
to this MTEP report, together with information about
expected service dates, project owner, estimated project
cost and other information. Continuing the project
designations initiated with MTEP 03, projects are
classified as either “Planned” or “Proposed”. Projects
in Appendix A that are designated as Planned projects
are recommended by the Midwest ISO to be completed
by the service dates identified. Other projects listed in
Appendix A as Proposed projects are tentative solutions
to identified needs, and require additional planning
before they are endorsed by the Transmission Owners
or the Midwest ISO as the preferred solution. Of the
$2.91 billion projected investment, $1.57 billion is for
Planned facilities. In many cases, a “project” consists of
a number of discrete facilities that are to be developed
as a part of a single solution to the identified need.
Appendix A includes 369 Planned facilities and 246
Proposed facilities.

Section One: Executive Summary 2

This expansion plan report includes sections
planning horizon extending through the peak season of devoted to the following topics:

Planning objectives and process of the
Midwest ISO

Midwest ISO system configuration, observations,
and issues

Review and status of the projects identified in
MTEP 03

Analyses of system performance against reliability
standards

Operational issues; constraints related to
TLR, AFC, FTR

Special regional projects with potential benefits

Summary of transmission investment
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1.2 The Midwest ISO Planning Objectives and Process

1.2.1 Objectives

The fundamental objective of the MTEP is to
ensure the system can continue to be reliably operated
into the future. Day-to-day operations ensure that the
current system is reliably operated, but the system must
be planned to continue to meet existing obligations into
the future including load growth, to respond to changing
external system configurations, and changes to the
connected generation resources.

As a Transmission Provider, the Midwest ISO has
an obligation to continue to provide for the reliable
and efficient transmission service to the existing and
forecast loads of Network Customers, along with any

commitments to Point-to-Point Transmission Customers.

Firm Transmission Service Customers expect that in
exchange for their transmission service payments that

increase over time with necessary additional transmission
investment, they will be able to continue to reliably meet
their Network Load from their Network Resources at
just and reasonable rates. This requires that the planning
process identify solutions to reliability issues that arise
from the expected dispatch of Network Resources.
These solutions should balance the costs of increasing
the embedded cost of the grid through transmission
expansions with the costs of redispatching the Network
Resources (congestion cost) and other operational
solutions to managing grid reliability.

The Midwest ISO’s transmission owners are
expected to make the investments necessary to implement
the Planned Projects in this expansion plan, unless
alternative funding is provided for under the tariff.
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1.2.2 Process

The current planning process at the Midwest ISO Key elements of this process include the following:
integrates the ongoing planning processes that are
responsive to new customer requests for system access,
and the continuing but cyclic Baseline Reliability
studies of the MTEP regional plan development. The
graphic below depicts these processes.

*  Roll-up of Transmission Owner Plans

* Inclusion of Plans from Interconnection and Delivery
Services

Development of Power Flow Base Case

Review of System Reliability and Congestion
Development of any Additional Expansion Needs
Review of Additional Regionally Beneficial
Expansions

REGIONAL DEVELOPMENT PROCESS
(MTEP)

TRANSMISSION ACCESS PROCESSES

Transmission
Service
Requests

Generator
Interconnection
Requests

Facilities Study

To Plans for
Load Growth

Facilities Study

Direct Network Direct Network MISO Analyses
Connect Uparades Connect Uparades Reliability
Facilities P9 Facilities P9 Congestion

Additional
Pro&acts

Figure 1.2-1

1.2.2.1 Assignment of Cost Responsibility

As noted above, it is expected that future MTEP  tariff and the Transmission Owners Agreement, which,
will assign cost responsibility for most of the projects 1in general assigns the costs for such upgrades to the
contained within the plan. These assignments will be in  local Transmission Owner constructing the upgrade.
accordance with to-be-filed tariff provisions governing Costs for generator interconnection driven upgrades are
the cost assignment and recovery for Midwest ISO in accordance with Attachment X to the tariff and are
transmission facilities. At the time of completion of this ~ determined at the time of execution of each individual
MTEP 05, cost responsibility for load growth driven interconnection agreement.
projects is in accordance with Attachment N to the
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1.2.2.2 Plan Review

Once the Midwest ISO develops the regional plan in
collaboration with the Transmission Owners, the Midwest
ISO staff engages in several stages of stakeholder review
of the plan. This review is intended to provide input to the
staff as to the accuracy of the results of analyses in the
plan and comment on the conclusions drawn from those
analyses.

The plan is reviewed first by the Expansion
Planning Group (EPG), and then by its parent committee
the Planning Subcommittee (PS). The MTEP results
are then discussed with the OMS and the Advisory
Committee before being presented to the Midwest ISO
Board of Directors for Approval. The Midwest ISO

Advisory
Committee

Planning
Subcommittee

Committee Reporting

Expansion
Planning
Group

Section One: Executive Summary 5

requests approval by the Board of the Planned projects in
the MTEP, recognizing that the more tentative Proposed
plans are more likely to undergo further development and
modification before becoming Planned projects. Once
approved by the Board, the regional plan is implemented
in accordance with the Transmission Owners agreement.
The Midwest ISO monitors the progress of projects in
the plan as future MTEP are developed. It is understood
that even Planned projects may be revised as system
conditions change or as preferred projects may come to
light. The Midwest ISO keeps track of and incorporates
any such changes into future system models used to
continually assess system performance.

Advisory Input (---)

Figure 1.2-2
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1.2.2.3 Organization of Midwest ISO States (OMS)

The Organization of Midwest ISO States (OMS)
was formed in mid-2003. Since that time, the role of
the OMS in the Midwest ISO planning process has
been developing. Midwest ISO staff has discussed the
first two regional plans with the OMS. These have been
higher-level reviews intended to familiarize the OMS
with the basic findings from the analyses and to discuss
process issues.

For major projects proposed in the plan, that may
need state certification, the Midwest ISO is prepared
to support the Transmission Owners in describing the
needs and benefits of the projects within the state siting
and certification processes.

The OMS has formed a Planning and Siting Work
Group, and in subsequent issues of the MTEP the Midwest
ISO will seek input from this Work Group as well as from
the OMS Board of Directors as to the planning process.

In addition, while the Midwest ISO does not seek
nor expect endorsement of any aspect of the plan, it is the
hope of the Midwest ISO that by engaging in dialogue with
the OMS regarding aspects of the MTEP, particularly the
development of regional or multi-state projects, as they
may be developed over time, the Midwest ISO and our
transmission owning members can gain insights that will
help to maximize the value of the transmission grid.
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1.3 Update on MTEP 03 Findings

The Transmission Planning responsibilities of
the Midwest ISO include monitoring the progress
and implementation of necessary system expansions
identified in the MTEP. The MISO Board approved the
first MISO expansion plan MTEP 03 on June 19, 2003.

MTEP 03 contained 407 Planned and Proposed
facilities, of which 229 were Planned. As a whole, nearly
all of the 229 Planned facilities included in MTEP 03 are

on track
8

70

151

O In Service or On Track

B Modified - Need Resolved
O Modified - Need Unresolved

Figure 1.3-1
Status of 229 MTEP 03 Planned Facilities

Planning is a dynamic process and the Midwest ISO
expects that as a normal part of developing the most cost
effective plans, there should be modifications to plans
where appropriate to meet changing system conditions.
Review of the projects identified in MTEP 03 has shown
that many projects have undergone some modification,
delay, substitution, or even cancellation. Typical reasons
for these changes involve

* Load growth less than anticipated

*  Generation or transmission service plans changing

»  Development of alternative solutions such as
system operating guides or alternative projects

After considering the circumstances of each project,
there remain at this time 21 projects, about 5%, from
MTEP 03 for which the need apparently continues
to exist and the projects have been delayed beyond
the desired service date for reasons predominantly of
regulatory delays or construction delays. The Midwest
ISO has documented these projects in Section 4 and will
incorporate review of the critical conditions driving these
projects into seasonal operating reviews of the system
to develop operational steps if required to ensure the
security of the system until the projects are installed.

1.3.1 New Projects Added in MTEP 05

As noted previously, there where 407 itemized
facilities in the 2002-2007 period of MTEP 03.
MTEP 05 expands the planning horizon through 2009.
There are a total of 542 new facilities now planned

1.3.2

Notwithstanding the natural modifications of the
overall plan on a continuing basis, the results of the
Baseline Reliability analyses that have been performed
for the first time in this MTEP 05 and will be included in
subsequent MTEPs, along with other supporting studies

or proposed through the 2009 period that have been
identified with the MTEP 05 effort (where not identified
in MTEP 03). Appendix A contains now a total of 615
planned and proposed facilities.

Impact on Reliability of Changing Project Status

performed by the Transmission Owners provided the
indication as to whether the currently identified projects
in the Appendix A to MTEP 05 form a sufficient set to
maintain system reliability. The results of these analyses
are described in Section 6 to this MTEP report.
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1.4 MTEP 05 - Focus on Reliability

This second Midwest ISO regional plan has a
substantial reliability focus. MTEP 03 was issued in June
of 2003. MTEP 03 provided foundational information on
the scope of expansion planning through the 2007 that
was underway by the Transmission Owners at the time
of startup of MISO operations and shortly thereafter. This
MTEP 05 extends the work of MTEP 03 and provides
a comprehensive top-down reliability evaluation of the
expected baseline performance of the Transmission
System through the 2009 time horizon. This evaluation is
referred to as the Baseline Reliability Study.

The Baseline Reliability Study provides an
independent assessment of the reliability of the currently
planned Midwest ISO Transmission System for the
year 2009. This is accomplished through a series of
evaluations of the 2009 system with Planned and
Proposed transmission system upgrades, as identified in
the expansion planning process, to determine if these
proposed additions are sufficient to meet NERC planning
standards for reliability. This assessment is accomplished
through modeling analyses of the transmission system’s
steady-state power flow, dynamic system performance,
small-signal perturbation simulation, load deliverability
assessment, and voltage-stability. This analysis was
performed by MISO staff and reviewed in an open
Stakeholder process.

The purpose of the MTEP Baseline Reliability Study
is to determine system expansions that are needed to
reliably meet the ongoing needs of existing transmission
customers. Projects that are identified in the Baseline
Reliability Study are recognized as needed as a part of the
base system and are not expected to be the responsibility of
new transmission service or interconnection customers that
seek access to the transmission system, unless otherwise
identified in Appendix A as related to such a request.

The planning horizon studies performed in the MTEP
process are coordinated with the seasonal (summer and
winter) reliability studies performed by the Midwest ISO.
This coordination entails comparison of critical conditions
in the near term seasonal assessments and in the further
out planning horizon of the MTEP. This comparison
ensures that issues identified in the planning horizon
will be addressed before they become problems in the
operating horizon, and conversely, that planned solutions
are being implemented for nearer term issues.
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1.5 Key Findings for 2009

The following sections describe key findings from
the MTEP 05 Baseline Reliability study.

Section One: Executive Summary 9

1.5.1 System Performance with Planned and Proposed Projects

The results of the Baseline Reliability study of
MTEP 05 indicate that the Midwest ISO Transmission
System as projected for the year 2009 is expected to
be able to perform within standards for normal system
conditions, events involving loss of a single transmission
facility, and for most events involving loss of more
than one facility. This performance will require that
the Planned projects go forward, and that the Proposed

1.5.2 Key Projects

There are numerous key projects that have been
identified as needed to maintain system reliability
through the 2009 period. Table 1.5-1 lists projects of
member systems for the 2004-2009 planning horizon
that have estimated costs of $15 Million or more. These

projects or suitable alternatives are in place. The more
than 600 Planned or Proposed facility additions needed
to enable the Transmission System to meet reliability
standards are listed in Appendix A. Projects that are
needed to meet the more significant reliability concerns
identified by the Midwest ISO are described in section
1.5.2 below.

major projects account for $1,093 million, or about 70 %
of the total cost of all planned projects for the 2004-2009
period. Section 6 of this report contains descriptions of
these and other major projects. Appendix A contains a
listing of all Planned and Proposed projects.
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Project

Table 1.5-1 Planned Projects $15 Million and Above

Description

Planning

Region

Map
Grid

Location

Driver

Service

Date

Project
Cost
(millions)

Project Status

Arrowhead-Gardner | Build 220 miles of 345 kV Central 14 - J6 Load & 2008 $422 ¢ Category Planned
Park 345 kV line line, 23 miles of 115 kV Trans. » Budget Status: Approved
line, two 345-115 kV Service » External Approvals: Obtained
transformers, one 800 * Delay Risk: Low
phase angle regulating » Construction: 10 %
transformer, one 345-
230 kV transformer,
reactive compensation
Buffalo Ridge 825  |Build 94 miles of 345 kV Northwest | G6 - H7 | Generation| 2007 $130  p Category Planned
MW of Generation |line, 345/115 kV » Budget Status: Approved
Outlet transformer, 34 miles of » External Approvals: Final permits
161 kV, and 26 miles new pending, |A contracts under negotiation
115 kV, 15 miles rebuild » Delay Risk: Low
115kV » Construction: 10 %
Chisago-Apple Build 4.5 miles and rebuild | Northwest 15 Load 2007 $58  p Category Reviewing Alternatives
River 20.6 miles of 161 kV, » Budget Status: Pending
rebuild 16 miles of 115 kV, » External Approvals: Pending
and one 161-115 kV * Delay Risk: High
transformer » Construction: 0%
Plains—Amberg— Rebuild 131 miles of Central | K5-K6 Load 2006 $45 b Category Planned
Stiles 138 kV line {138 kV/ line » Budget Status: Approved
rebuild » External Approvals: Obtained
* Delay Risk: Low
» Construction: 15 %
Prairie State Power |Build 35 miles of 345 kV Central  [J11-K11 | Generation| 2009 $39  p Category Planned
Plant transmission | line * Budget Status: Pending
outlet » External Approvals: Pending
» Delay Risk: Medium
» Construction: 0%
Rosser-Silver Build 65 miles of 230 kV Northwest F2 Load 2005 $34  p Category Planned
230 kV line line » Budget Status: Approved
» External Approvals: Obtained
* Delay Risk: Low
» Construction: 10 %
Callaway—Franks | Build 54 miles of 345 kV Central 110 Load 2006 $29  p Category Planned
345 kV line line » Budget Status: Approved
» External Approvals: Obtained
* Delay Risk: Low
» Construction: 20 %
Thumb Loop Rebuild | Rebuild 70 miles of 120 kV East N6 Load & 2006 $27 b Category Planned
line Other » Budget Status: Approved
» External Approvals: Obtained
* Delay Risk: Low
» Construction: 60 %
Ponton 230 kV 150/0 MVAR Static VAR Northwest F2 | Generation| 2005 $25  p Category Planned
Compensator » Budget Status: Approved
» External Approvals: Obtained
* Delay Risk: Low
» Construction: 98 % complete, in-service
July 2005
Thompson Birchtree |150/-20 MVAR Static VAR | Northwest 03 | Generation| 2010 $25  p Category Planned
Compensator » Budget Status: Obtained
» External Approvals: Waiting for
environmental permits for associated
Wuskwatim generator connection project
» Delay Risk: Medium
r Construction: Not Available
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Project

Jefferson City Area
Development

Table 1.5-1 Table 1.5-1 Planned Projects $15 Million and Above (continued)

Description

Build 15 miles of 345 kV
line, build 25 miles of
161 kV line

Planning

Region

Central

ET
Grid

Location

Driver

Service

Date

Project
Cost
(millions)
$25

Project Status

» Category Planned
» Budget Status: Approved

» External Approvals: Obtained
* Delay Risk: Medium

» Construction: 10 %

West Marinette—
Menominee—
Rosebush-Amberg
138 kV line

Rebuild 43 miles of 138 kV
line

Central

K5

60 % Load
20% TSR
20 % Other

2005

$25

» Category Planned

» Budget Status: Approved

» External Approvals: Obtained
* Delay Risk: Low

» Construction: 20 %

Columbia-North
Madison 345 line

Convert 17 miles to
345 kV line, replace two
345/138 kV transformers

Central

K7

Load &
Trans.
Service

2006

$25

» Category Planned

» Budget Status: Approved

» External Approvals: Obtained
* Delay Risk: Low

» Construction: 60 %

Buffalo Ridge
425 MW of
Generation Outlet

Build 24 miles of 161 kV
line, rebuild 63 miles of
115 kV line

Northwest

G6 - H7

Generation

2006

$68

» Category Planned

» Budget Status: Approved

» External Approvals: Obtained, 1A
contracts under negotiation

* Delay Risk: Low

» Construction: 70 %

Wagener-NW68th
& Holdrege 345

Build 28 miles of 345 kV
line

Northwest

F9

Load

2008

$22

» Category Planned

» Budget Status: Approved

» External Approvals: Obtained

* Delay Risk: Medium, some possibility of
not being completed in 2008

p Construction: 5% complete

St. Vital-Steinbach
230

Build 35 miles of 230 kV
line

Northwest

F1

Load

2010

$21

» Category Deferred by Alternative for
2007 Project is changed from planned
to proposed as it was deferred to 2020.
Higher load growth in the Steinbach
area required a new plan. This plan
consists of a second 230-66 kV
transformer bank at Richer, which is
planned to be in-service in 2007. The
second bank provides for immediate
load serving needs and defers the need
for the 230 kV line. The budget for the
alternative transformer bank has been
approved and design is underway.

Rock River—Bristol-
Elkhorn conversion
to 138 kV

Converts 28 miles of 69 kV
to 138 kV line, convert five
69 substation to 138 kV

Central

K7

Load

2008

$20

» Category Reviewing

* Budget Status: Pending

» External Approvals: Pending
* Delay Risk: High

» Construction: 0%

Lenox Station

Rebuild 28 miles of

345 kV line, rebuild 47
miles of 120 kV line, one
345/120 kV transformer

East

o7

Other

2007

$15

» Category Planned

» Budget Status: 2005 portion approved,
2006 portion is pending approval. 2006
budget approval is expected

» External Approvals: Pending

* Delay Risk: Low

p Construction: 0%
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In addition to these more significant projects in
terms of cost, there are a number of projects of lesser
cost that are required to relieve significant loading or low
voltage conditions. Some of these include the following
and additional detail may be found in Section 6 and the
Appendices to this report:

Wisconsin

» Skanawan-Highway 8 rebuild to double circuit
115 kV

*  Port Washington—Saukville 138 kV rebuilds

e The second Wempletown—Paddock 345 kV line

North Dakota

» Bismarck Downtown—East Bismarck 115 kV upgrade to
160 MVA

* Maple River—Red River 115 kV line upgrade to 310
MVA

lowa

*  Upgrade Salem 345/161 kV Tr to 550 MVA,; replace
Hazelton Tr with existing Salem Tr.

Minnesota

*  Prairie Island—Red Rock 345 kV # 2 line upgrade to
1198 MVA

*  Monticello—Sherco—Salida 115 kV line upgrade to 310
MVA, and Sherco 345/115 ckt 1 to 448 MVA

*  Granite City 115 kV 2x40 MVAR capacitor addition

*  Aldrich—St. Louis Park 115 kV line upgrade to 310 MVA

»  St. Cloud Tap—I94industrial-Salida 115 kV line upgrade
to 310 MVA

Section One: Executive Summary

Missouri

Joachim 345/138 kV 560 MVA transformer

Ohio

Star substation reconfiguration, each 345/138
transformer has independent breaker
Galion substation reconfiguration, each 345/138

transformer has independent breaker

Indiana

Westwood 2nd 345/138 kV Transformer &
Dequine—Westwood 345 kV line
Cayuga—Veedersburg 230 kV rebuild
Hanna—Southeast 138 kV breaker CT changes

Michigan

Campbell-Hudsonville 138 kV sag limit removed
Tippy—Hodenpyl 138 ckt 1, reconductor 795 ACSS
Croton—Felch Rd. 138 kV line reconductor

North Belding—Sanderson—Eureka reconductor to
795 ACSS and N Beld CT Tap to 1200 A

Weeds Lake 345/138 substation addition
Garfield—Hemphill 138 line rebuild

36 MVAR Gallagher Capacitor

54 MVAR Placid Capacitor addition
Bismarck—Golf 120 kV project create a 120 kV bus
group at Golf and building a new 120 kV line from
Bismarck to Golf

12
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1.5.3 Reliability Issues Needing Resolution

The Midwest ISO identified certain conditions
for which some facilities could be outside of design
limits or for which voltages could be below standards
by the year 2009. In all but a few cases these conditions
involved multiple elements forced out of service. These
multiple contingency events are somewhat rare under
peak load conditions, and the current NERC Standards
of performance for such events permit such excursions
beyond limits provided that system operators can
take action to remedy these conditions before they
can propagate to an uncontrolled loss of load. For
such conditions, it is important that the Midwest ISO

1.5.4 Operational Issues

The MTEP is a forward looking expansion plan,
the objectives of which include ensuring the future
system can be operated safely, reliably and efficiently
through the planning horizon year. One indication
of future system performance are the results of the
contingency studies of the planning horizon year, 2009.
Another indicator of system performance is the current
operational experience, and the relationship between
constraints that routinely occur and planned expansions.
Many system constraints are revealed as limits to
the efficient operation of the system. Transmission
customers desiring to make economical transactions
request transmission service and are denied service due
to the inability of the system to reliably accommodate
the desired transactions. This is the result of low
Available Flowgate Capability (AFC). Firm transactions
are curtailed through the NERC Transmission Loading
Relief (TLR) procedure due to unexpected system
conditions, or less than perfect coordination amongst
transmission providers. Nominations of Financial
Transmission Rights (FTR) associated with physical
transmission rights (transmission service) may be less

as Reliability Coordinator understand the operating
steps that can be implemented, including any plans
for controlled shedding of load that may be needed
to contain the events. For some of these multiple
contingency events, not all of the necessary operating
steps have been identified by the Midwest ISO to ensure
the reliability of the system for these events. These
events needing further resolution are tabulated in
Section 6 of this report. The Midwest ISO will continue
to work with the Transmission Owners to identify all
necessary operating steps or other solutions needed to
resolve these events.

than fully feasible. These real-time and near-term issues
are referred to in this MTEP as operational issues. Each
of these operational issues presents a reliability concern
unless a generation redispatch is performed as an
operating adjustment to the desired dispatch that would
otherwise occur. The planning philosophy of the Midwest
ISO is to seek resolution to these reliability issues in the
least cost manner, through either a transmission system
switching operation, a generation redispatch, or an
expansion to the system.

In section 6.4.1 we have reviewed recent incidence of
very low AFC, frequent TLR, or constraints to full FTR
allocations. That Section draws correlations between
Planned and Proposed expansion projects and constraints
causing low AFC, high incidents of TLR, or pro-rated
FTR allocations. The expansions in this MTEP 05 will
address many but not all of these operational issues
identified. The Midwest ISO will continue in subsequent
expansion plans to review these constraints and identify
expansions as appropriate to resolve such reliability
concerns in the most efficient manner.
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1.5.5 Other Potentially Beneficial Regional Projects

In the first Midwest ISO Transmission Expansion
Plan, MTEP 03, the Midwest ISO evaluated at a high
level the potential economic benefits of large regional
transmission projects under various postulated
generation development scenarios. MTEP 03 evaluated
a dozen such plans based on analysis of the base planned
transmission system, and its ability to accommodate
substantial new additions of coal and wind generation, as
well as gas generation based the interconnection queues at
the time. This study is available on the Midwest ISO web
site. The transmission and generation scenario analysis
showed generally that there was significant potential for
the right regional transmission to result in substantial
reductions in marginal energy costs, particularly if that
transmission was coupled with introduction of low cost
coal and wind energy resources.

Among the dozen potentially regionally beneficial
expansion concepts reviewed in MTEP 03, two have
been addressed further in this MTEP 05, because of the
potential benefits that the preliminary analyses showed,
and because of significant stakeholder interest in these
two concepts. These two expansion concepts are
referred to as 1) the Northwest Exploratory Project, and

2) the Iowa—Southern Minnesota Exploratory Project.
Both projects would provide enhanced access by coal
and wind resources to load centers in the Midwest ISO.

It is the intention of the Midwest ISO to continue
the development of these regional expansion projects
through further evaluation of the nature, value, and
beneficiaries of these plans. The Midwest ISO intends
to recommend such plans as these to the Midwest
ISO Board of Directors at such time as the Midwest
ISO in collaboration with interested stakeholders can
complete these evaluations, and a determination of cost
responsibility and recovery can be made, consistent
with the Midwest ISO tariff and the Transmission
Owners Agreement.

The Northwest Exploratory study involves
generation in the Dakotas and transmission upgrades
from the Dakotas to Minnesota. The lowa-Southern
Minnesota Exploratory study involves generation in
northern Iowa, southern Minnesota, and South Dakota
and transmission upgrades from generation to major
load centers in Minnesota, Iowa, and Wisconsin. Both
studies are in progress and results to date and future
work efforts are described in this report.
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1.5.6 Total Expected Investment Through 2009

The total estimated direct cost of the Planned $204 million were In Service by 2004, $1,565 million
and Proposed facilities plus the facilities that went are considered Planned, and $1,144 million are
into service since 2003 is $2.91 billion for the six-year considered Proposed and will continue to be reviewed.
period 2004-2009 periods. This is substantially above The cumulative expected spend over the 2004-
the $1.96 billion that was estimated for the six-year 2009 period is shown in Figure 1.5-1 below.
period 2002-2007 in MTEP 03. Of these projects,

Cumulative Investment by Year and Status

$3,000,000,000—
52,500,000,000_ mProposed §
mPlanned $
- oln Service $ (post 2003)

$2,000,000,000 #
$1,500,000,000—
$1,000,000,000

$500,000,000 ﬁ

- - .

$0 —

2004 2005 2006 2007 2008 2009
Year

Figure 1.5-1 Cumulative Projected Spending All Projects
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About 5,123 miles of transmission line upgrades
are projected through 2009 which is about 4.6 % of
the approximately 112,000 miles of line existing
throughout the Midwest ISO area. Less than 2%,
however, involve lines on new transmission corridors.

About 59 % of the expected total transmission
line and substation enhancements are at 230 kV and
above.

Larger projects, with estimated costs of $5,000,000
and higher have been summarized below in Figure 1.5-2.
This table shows a comparison of expected spend grouped
by NERC region within the Midwest ISO for the out years
of 2007 through 2009. For the purposes of this summary,
groupings are as follows:
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MAPP: Xcel Energy, Otter Tail Power, Montana Dakota
Util., Minnesota Power, Manitoba Hydro, Great
River Energy, Lincoln Electric Systems, Aquila,
Alliant West

MAIN: American Transmission Co., AmerenlP,
AmerenCILCO, Southern lllinois Power Coop, City
Water Light and Power, City of Columbia

ECAR: Cinergy, International Transmission Co
Michigan Electric Transmission Co, Louisville Gas
and Electric Corp, Hoosier Energy, Indianapolis
Power and Light, Vectren Energy, Northern Indiana
Public Service Co., FirstEnergy

Figure 1.5-2 Spend

This summary shows that of the $1,260,263,022
expected to be spent over the three-year period about
51 % is projected for the year 2009. In addition, projected
spending is relatively balanced between the three areas
for 2007 and 2008, while in 2009 the MAIN areas
entities project spending of about 63 % of the 2009 total

Spend by Region - 2007 to 2009
Projects $5M and Over
$700,000,000 PET— —
0O MAPP $67,106,296
$600,000,000 B MAIN B
O ECAR
$500,000,000 B
$400,000,000 ' $406,114,602
e H o
$300,000,000 ‘ rp— | $123,769,627‘
$200,000,000 3_1 ' $100,418,717
| $126,454,442 418, N
| — 167,736,499
$100,000,000 $102,718,340 $
$73,977,250
$0
2007 2008 2009

by Year by Region ($)

with ECAR 26 % and MAPP 11%. This summary has
excluded two significant projects with a combined cost
of $552,000,000: the Arrowhead—Garden Pk Project of
ATC LLC and the Buffalo Ridge Area Generation Outlet
Project of Xcel Energy. The jurisdictional regulatory
authorities already have approved these projects.
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1.6

The Midwest ISO will monitor progress on all
projects identified in this MTEP 05, and will support
the need for and development of projects defined as
Planned projects that are part of the approved MTEP.

The MTEP will be subject to change, as system
conditions change. Changes in load growth, changes
in usage patterns, development of new generation

Section One: Executive Summary 17

Implementation and Follow-Up

interconnections, changes in projected service dates of
interconnection plans, delays in regulatory approvals
of transmission projects, or ongoing development of
preferred plans, all could cause changes to the overall
MISO plan. The MTEP will be updated as needed to
incorporate the impacts of such changes on the overall
regional plan.
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Section 2: Midwest ISO Planning Objectives and Process - Update

21 Overview

The Midwest ISO Transmission Expansion
Plan (MTEP) is produced in accordance with the
requirements of RTO regional planning as set forth
in the FERC Order 2000, and with the Agreement of
the Midwest Transmission Owners to Organize the
Midwest ISO (“Transmission Owners Agreement”,
or “TOA”). As part of the ongoing responsibilities
delineated in the TOA, the Midwest ISO develops
transmission expansion plans to address the reliability
of the Transmission System that is under its operational
and planning control. In addition, the MTEP is to
identify system expansion options that are beneficial
in supporting the competitive supply of electric power
by this system. The MTEP process is to consider all
market perspectives, including demand-side options,
generation location, and transmission expansion
alternatives.

Together with stakeholders, the Midwest ISO has
been developing a transmission pricing policy and
additions to the planning protocol that was established
in the TOA. This policy and protocol will enable
the Midwest ISO to meet the needs of the market by
planning for and promoting the development of system
expansions needed to relieve constraints to the efficient
delivery of energy from resources to load, and by
providing certainty to the cost responsibility for these
expansions. In this MTEP 05, the cost responsibility for
the Planned (expected to go forward as planned) and
Proposed (expected to be needed but other solutions
under evaluation) projects identified in the regional
plan are not yet explicitly described. These plans have
been identified under the license-plate pricing policy
in place at the start of Midwest ISO operations. Under
this policy, projects needed to be constructed by a
Transmission Owner in the pricing zone of that Owner
are funded by that Owner and costs are recovered
from customers taking service in the zone, through
the zonal rates established through Attachment O to
the tariff, unless a specific Transmission Customer has
otherwise been assigned cost responsibility consistent
with the policies of the FERC. In future versions of the
MTEDP, it is expected that projects in the plan will have
specific cost responsibility delineated in accordance
with the comprehensive pricing policy in development
at the time of this MTEP 05.

The MTEP consolidates the transmission needs of
the region into a single plan. A bottom-up, top-down
approach is used to provide both detail at the local level
and wide area analysis and optimization at the RTO-
wide level. The Midwest ISO planning process is an
open planning process that facilitates communication
of ideas and concepts. The collaborative process
coordinated through the Midwest ISO provides an
opportunity for inputs from all stakeholder groups. This
plan has been developed by Regional Study Groups
formed from the Expansion Planning Group (EPG),
and has been discussed with the parent committee to
the EPG the Planning Subcommittee. Finally, it has
been discussed with the Organization of Midwest ISO
States (OMS) and with the Advisory Committee of the
Midwest ISO before being brought before the Midwest
ISO Board of Directors.

MTEP 05 is the second issue of a Midwest
ISO regional transmission expansion plan. The first,
MTEP 03 was issued in June of 2003. MTEP 03
provided foundational information on the scope of
expansion planning through the 2007 plan year that
was underway at the time of startup of Midwest ISO
operations and shortly thereafter. It also provided in-
depth analyses of the potential for regional transmission
expansions to provide for lower customer energy costs
by reducing congestion and by enabling the entry and
delivery of new low cost generation.

This MTEP 05 extends the work of MTEP 03 by:

1. Tracking the progress of plans identified in
MTEP 03

2. Continuing the development work on several
of the most promising “Exploratory” regional
projects identified as potentially beneficial in
MTEP 03

3. Performing a comprehensive top-down
reliability evaluation of the expected baseline
performance of the Transmission System
through the 2009 horizon

4. Identifying the expansion necessary to maintain
system performance within standards, and

5. Updating the expansion plan through the year
2009
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2.2 Baseline Reliability

With MTEP 05, the Midwest ISO prepared the
first “Baseline Reliability Study” for the RTO. Such
a baseline is important in determining the system
expansion needs through the planning horizon that
are driven by existing service commitments. These
service commitments include the forecast load growth
of Network Customers, and firm transmission service
commitments, a representation of which has been
reflected through the modeled base-case generation
dispatch. Expansions driven by these existing
commitments form the “baseline” system from which
new requests for transmission services, including
interconnection service are evaluated.

The Baseline Reliability study performed for
MTEP 05 provides an independent assessment of
the reliability of the currently planned Midwest ISO
Transmission System for the years 2004 through 2009.
This is accomplished through a series of evaluations
of the 2009 system with Planned and Proposed
transmission system upgrades, as identified in the
expansion planning process, to determine sufficient and
necessary projects to meet NERC and regional planning
standards for reliability. This analysis was performed
using traditional pre-market dispatch assumptions.
The overall assumptions applied to this MTEP
development are discussed in Chapter 5. Chapter 6 of
this report provides a description of the analyses and
results performed, and additional detail is included in
Appendix D. In an effort to address recommendations
for increased levels of contingency analysis from
NERC in the aftermath of the August 2003 blackout,
the Midwest ISO has performed an extensive analysis
of the reliability of the Transmission System. These
analyses are detailed in Chapter 6 and Appendix D
and include in addition to first contingency steady
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state analyses, multiple contingency cascading outage
analysis, transient stability simulations, small signal
stability analyses, multiple contingency voltage stability
screening, and load area loss-of-load expectation also
referred to as Load Deliverability studies. This single
study, however cannot evaluate all possible contingent
conditions that could occur. The planning process is a
continual one, and even as this MTEP 05 is distributed
the planning staff is preparing a review of the planned
2011 system, and operational studies for the summer and
winter 2005 seasons.The Baseline Reliability studies of
the MTEP coordinate with the seasonal assessments
performed by the Midwest ISO. Summer assessments
were performed for the summers of 2003 and 2004. The
summer assessment in 2004 expanded on the traditional
first-contingency transfer analyses typically performed
in NERC regional summer assessments, and explored
the ability of the system to withstand additional levels
of contingency, with a focus on voltage stability limits.
The seasonal analyses provide Midwest ISO system
operators with valuable information about proximity to
limiting conditions should real-time events exceed usual
first or second contingency planning criteria conditions.
Information from the seasonal studies can help to target
areas of the system for analysis in the planning horizon
to ensure that plans are developing in a timely manner
to avoid any weaknesses identified. Similarly, areas
that are identified to be near or exceeding limits in
the planning horizon in the MTEP 05 studies will be
reviewed in the current year seasonal assessment for
any operational concerns that may exist.

The Midwest ISO also draws information about
system performance in both the operating and planning
horizons through participation in NERC regional
assessments of system performance.
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2.3 Load Deliverability Studies

The Midwest ISO performs area import capability
versus need studies, also referred to as Load Deliverability
studies as a part of the determination of resource reliability
for the Midwest ISO market. Resource reliability is
maintained by 1) ensuring that market participants
with load service responsibility maintain sufficient firm
capacity to meet reserve requirements 2) ensuring that
Network Resources identified by load serving entities
are deliverable without “bottling” each other up if called
upon together with other Network Resources to meet load
demand, and 3) ensuring that the transmission system
has sufficient capacity such that load areas can import
needed supplies during times of deficiency of resources
within the load area. Import needs are based on Loss of
Load Expectation (LOLE) analyses.

Atthe present time the Midwest ISO requires that its
load service entities maintain the reserve requirements

2.4 Operational Concerns

MTEP 05 also looked at the operational issues
associated with transmission service requests (TSR)
by examining historical transmission line loading
relief (TLR) requests and future available transfer
capability(AFC) values. There is industry debate as to
the extent to which incidence of Transmission Loading
Relief and unavailability of transmission capacity for
sale are indicative of unreliable grid conditions or are
commercial issues. The Midwest ISO planning process
monitors flowgates that are associated with the most
incidents of TLR and those that are most limiting to sale
of transmission service. In many instances, transmission
projects designed to relieve identified reliability criteria
violations also relieve constraints associated with TLR
and low AFC values. This is indicative that although
the system may be capable of performing within
strict reliability standards in areas of the system near
constrained flowgates, high incidence of TLR and
persistently low AFC values are often indicative of
lower reliability margins. As the Midwest ISO market
operation commences, it is expected that congestion
management by TLR will be the exception to congestion
management via the security constrained economic
dispatch of the LMP-based energy market. The Midwest
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prescribed by their respective NERC Regional Councils.
Generator deliverability studies are performed on an
ongoing basis as new Network Resources connect
to the grid or request network resource status. Load
Deliverability is evaluated as a part of the annual MTEP
Baseline Reliability studies. MTEP 05 contains the first
Midwest ISO Load Deliverability Study. The details of
this study are contained in Section 6 to this report.

The planned 2009 Transmission System was
found to be adequate in terms of its ability to deliver
to load areas sufficient capacity to meet loss of load
expectations of one day in ten years, with the exception
of delivery to the ITC load area. The Midwest 1SO,
the State of Michigan and International Transmission
Company continue to investigate alternatives to meet
the target loss of load expectation in that part of the
system.

ISO planning philosophy is, in general, to expand the
system when it is more economical to do so as compared
to redispatching the system, or other operational steps,
as resolution to a reliability criteria violation. This must
include suitable consideration for the availability of
the assumed operational steps, and the extent to which
reliance on increasing levels of operating steps can
pose an increased reliability risk. These considerations
are only a part of the art of planning the system that is
applied along with the science of engineering analyses
by experienced Midwest ISO planners and operators,
working in collaboration with our Transmission Owner
planners and operators and other stakeholders.

The planning staff is also monitoring constraints
that are binding in the allocation of Financial
Transmission Rights. Not surprisingly, these binding
constraints are many of the same constraints associated
with TLR and low AFC values. Again, many of these
constraints have planning solutions in the works as a
means of maintaining system reliability. We will be
looking at those constraints that are unresolved and
developing proposed plans that could resolve them.
Additional discussion and results of these analyses are
in Chapter 6 of this MTEP 05 report.
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2.5 Areas of Heightened Interest

While the Baseline Reliability analysis applied NERC reliability standards comprehensively across the entire
Midwest [SO footprint, there are several areas of the system where conditions have caused concern for stakeholders
in the recent past. Some of these areas of concern are discussed below.

Michigan West-to-East Interface

Prior to the summer of 2004, a network customer
in eastern Michigan requested firm transmission service
for the peak months of 2004. The requested service
was to source in Michigan Electric Transmission
Company (METC). Only about two-thirds of these firm
transmission service requests could be accepted on a firm
basis.

The network transmission customer expressed
concern to the Michigan PUC that these transfer
restrictions were impacting reliability of supply to its
load responsibilities.

The Midwest ISO performed an analysis of the in-
state constraints to west-to-east transfers in Michigan,
and reviewed this study with METC and the International
Transmission Company (ITC). The report concluded that
the transmission interface between METC and ITC
systems has become a bottleneck as the result of the
increasingly west-to-east intra-state power flows due
to a combination of AES [Alternative Energy Suppliers]
sourcing preferences, location of merchant generators in
Michigan and the attractiveness of the Ontario wholesale
power market. The analysis determined that two-thirds
of the proposed new generation in Michigan is locating
on the METC side of the interface and that required
purchases into ITC’s territory are expected to increase.
ITC moved to address these issues in July of 2004 by
approaching Midwest ISO with a plan to increase the
Michigan west-to-east intra-state transfer capability as
well as the AFC on flowgates impacted by transfers from
METC to ITC.Midwest ISO lead a joint study effort of
the ITC plan with participation from both METC and
ITC. As a result of these analyses, the following set of
upgrades have been proposed by ITC, METC & Midwest
ISO and are included in Appendix A as a part of the
regional plan:

Table 2.5-1: Proposed Upgrades

Estimated
Upgrade System Cost
Genoa 138/120kV Transformer ITC $1.2M
Atlanta 138/120kV Transformer ITC $1.3M
ITC end of
Hemphill to Hunters Creek Line Reactor METC-ITC $1.6M
tie
ITC end of
Pontiac-Hampton 345kV Line Wavetrap METC-ITC $0.1M
tie
Oakland to Dean Road 138 kV Line
Relay adjustments and Hemphill Relay METC $0.2M
Upgrades
Cost Estimate Total: $4.4M

The impact of these upgrades will be to provide an
estimated increase of 317 MW in FCITC for METC to
ITC transfers. An AFC analysis also indicates that these
upgrades would increase AFC on key limiting flowgates
from 424 MW to 891 MW. These upgrades will benefit
the load centers in the ITC pricing zone by increasing the
capacity available for power transfer into this zone and are
expected to be in service by summer 2005 (a little over a
year from when the issue first arose.).
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Michigan Macomb and “Thumb” Area

The Midwest ISO performed a 2004 summer
assessment. In that assessment, two areas in the 120 kV
transmission system north of the Detroit area showed
some weakness to contingencies.

The Macomb 120 kV bus could become critical for
select transmission contingencies. Voltage and reactive
margin at Macomb was studied under various conditions.
V-Q curves were generated for base case and contingency
conditions.

The prior outage of one of the St. Clair 120 kV
generating units connected to the St Clair 123 bus in
addition to the loss of the Stephens—Macomb 120 kV
line results in a reactive margin of 10 MVar which is
not sufficient to accommodate a possible load forecast
variation of 5% and remain stable. Other more severe
contingencies such as the loss of both the Stephens line
and the double circuit supply to Macomb from St. Clair
result in an unstable condition at the Macomb bus at
forecast peak load levels.

The unstable conditions found in this area
considered is expected to be local in nature in that the
critical voltage at Macomb is sufficiently low (.76 pu)
at the unstable point such that local motor load would

likely trip off-line due to the motor protection devices.

ITC has a planned project to bring an additional 120 kV
line into the area (Bismarck—Golf 120 kV) that provides
a path into the area that acts as a parallel path to the
critical Stephens—Macomb path. In addition, Lenox
substation (formerly called New Haven) is planned that
includes the addition of a 345 / 120 kV transformer that
strengthens the 120 kV network in the area. Finally, a
120 kV capacitor is planned to be added at Macomb. The
new line, substation and capacitor will provide voltage
support during contingency operation and eliminate
this area of concern.

A separate area of relative weakness was found to
be the Bad Axe area in the Michigan Thumb. There is
known weakness in the supply to this area. The loss
of the Harbor Beach generator and a single line or
transformer supplying the area can result in localized
voltage instability.
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ITC has a planned project to support this area
that includes installing high speed switching dynamic
Var devices (Dvars) at two different locations in the
Thumb and converting single circuit line construction
to double circuit line construction which will enable
bringing another 120 kV circuit through the west part
of the thumb. In addition, ITC has a proposed project
to add a substation at Saratoga. Saratoga, as proposed,
will greatly reduce the likelihood that Greenwood
generation in the thumb will be forced off due to a
transmission event and provide another 345-120 kV
transformer that will support the lower portions of the
thumb.
in MTEP 05

These solutions included

Appendix A as:

are

Macomb Area Solutions

»  Bismarck—Golf 120 kV , planned project,
form 1 project group #518

* Lenox Substation, planned project,
form 1 project group #518

*  Macomb Capacitor, planned project,
form 2 device #87

Thumb Area Solutions

*  West Thumb Rebuild, planned project,
form 1 branch IDs #529-533

« Bad Axe and Lee Substation DVARSs,
form 2 device #100 and 101

» Saratoga Substation, proposed project,
form 1 project group #ITC9

The Midwest ISO will continue to work with ITC
towards resolution to these voltage concerns and will
continue to monitor the areas in seasonal assessments so
that operating personnel are prepared to take remedial
action if necessary.
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Michigan-Northern Lower Peninsula

Outage of the 345kV Ludington—Keystone
circuit in the METC northern Michigan area can cause
heavy loadings on several underlying 138 kV lines.
This condition has worsened over the past few years
as area loads have increased. Peaking generation at
Gaylord and Livingston has been dispatched during
heavy load periods to mitigate potential overloads.
MISO has established a flowgate at Tippy to monitor
loading and re-dispatch area generation to maintain
security. With forecasted growth for 2005, operation
of the peakers would no longer be adequate to relieve
potential overload conditions. To resolve this condition
METC planned several line projects to be completed
in the 2005-2009 period. The most critical of these
projects are under construction and scheduled to be
completed before the summer of 2005. The 13.2 mile
Farr Road to Tippy 138 kV line has been rebuilt from
266 ACSR to 795 ACSS conductor this spring. Station
terminal upgrades associated with the project are to be
completed before June, 2005. A new 20 mile 138 kV
line is also being constructed from Pere Marquette to
Stronach. The new line is being built along a new route
to allow the existing line to remain energized while
the new line is being built. This allowed construction
of both of these projects to be under construction
simultaneously this spring. The new Pere Marquette—
Stronach line is also scheduled to be energized before
summer 2005. In the fall of 2005 rebuild of the 10.4
mile Tippy to Hodenpyl 138 kV line will begin. This
rebuild is scheduled to be completed before summer,
2006. The Stover to Clearwater and Clearwater to
Keystone 138 kV lines are also proposed to be rebuilt in
2007 and 2008. Completion of this multiphase 138 kV
line rebuild project in the northern lower peninsula of
Michigan provides a much needed boost to the capacity
and reliability of this growing area.
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Michigan-Grand Rapids Area EHV
Transformers

The Grand Rapids area is the fastest growing area
served by the METC system. This growth has caused
increased loading on the 345/138 kV transformers at
the three EHV substations that surround the city. The
Tallmadge substation serves northern Grand Rapids, the
Gaines substation feeds into the rapidly growing area
south of the city and Vergennes substation feeds into
the developing area east of town. Studies indicated that
with growth forecast for 2005, outage of a 345/138 kV
transformer at either Gaines or Vergennes would cause
the other to overload. Also 138 kV lines in the area were
subject to overload for transformer outages. Loss of two
of the four transformers serving the area would cause
widespread load loss throughout the area. To resolve
this condition METC has added a second transformer
at both Gaines and Vergennes and located a spare
transformer at Tallmadge. The Gaines transformer
went in service in 2004 and the Vergennes transformer
was energized in March 2005. The Tallmadge spare
transformer is also being energized temporarily this
spring while one of the existing Tallmadge transformers
is undergoing major testing and overhaul. Addition of
these transformers has provided the capacity needed to
serve this growing area.
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Southern and Southeastern Wisconsin

Two areas in southeast Wisconsin area were also
identified in the 2004 summer assessment as areas to
monitor for potential voltage instability.

One area of concern is the area south of Milwaukee
around Racine and Kenosha. The loss of Pleasant
Prairie-Racine 345 kV circuit significantly weakens the
Racine 345 kV bus. For load increases above forecast
of 105%, or for load power factors 1% or more below
expected, reactive power margins could become critical.
An operating plan to operate the Germantown units as
synchronous condensers could add about 30 MVar of
reserve to the critical Racine 345 kV bus under the high
load scenario.

For normal summer peak load projections, the
Racine and Kenosha areas are expected to be stable for
single line or single generator contingencies. Multiple
outages, or single outages under certain levels of
variation in load or load power factor could result in
critical reactive margin levels.

ATC LLC has stated that distribution load switching
may be available to provide some relief with respect to
the Racine 345 kV bus voltage. The mitigation of the
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Milwaukee area voltage concerns is expected to begin
by the summer of 2005 with the planned installation
of 54 Mvar of capacitors at Moorland (Appendix A
Device ID #2050) and the availability of the expanded
capacity of the Port Washington generation facility.
An additional 90 Mvar of capacitors are planned to
be installed in 2006, with 54 Mvar scheduled to be
installed at Burlington (Appendix ID #2059), and 36
MVars at Hartford (Appendix A Device ID # 2082).

The other area to monitor is the Madison area. The
Columbia units are important in maintaining voltage
stability for Madison area. With one of these units out,
the North Madison area is observed to be sensitive to
load level changes and power factor changes without
local generation redispatch. Normal operation for the
prior outage of Columbia Unit 1 at peak load is to
bring on other off-line generation in the area. ATC
LLC is considering a longer-term solution to provide
increased support to the area that involves additional
345 kV supply to the Madison Area. Projects related to
this additional support are listed in Appendix A with
Branch IDs 139,148,149.
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Eastern lowa

The Alliant Energy transmission system of eastern
Iowa is comprised mainly of 69 kV and 161 kV facilities,
but also includes 34.5 kV, 115 kV and 345 kV .

Prior to the latter part of the 1990’s, the transmission
system in this region was primarily used for load serving
purposes. With the advent of the open access energy
market and significant generation additions in Illinois,
this system is under significant additional stress. Alliant
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Energy has documented line loading difficulties in this
area and has presented these results before the NERC
standing committees.

Although the MTEP 05 studies have not identified
reliability standard violations in this area under expected
firm transactions, some multiple contingency conditions
identified result in overload conditions.

Limiting Facility

Rating

Contingency

Table 2.5-2: Multiple Contingency Conditions

Loading

% or P.U Mitigation Plans

Upgrade Salem Tx. to 550 MVA and
replace Hazelton Tx. with old Salem Tx

Rock Creek 345/161 kV Transformer
Salem 345/161 kV Transformer 336 |and Beaver Channel 161 kV Beaver 101%
lowa Channel Generator
Hazelton 345/161 kV 223 Salem 345/161 kV and Hazelton 12%
Transformer # 1 345/161 kV # 2 Transformers ’

of 336 MVA

Further, Midwest ISO TLR information shows that four of the top 22 flowgates in TLR are in this area:

Table 2.5-3: Four of the Top 22 Flowgates in TLR
MTEP- 05 Pending Improvement
TLR Rank Flowgate (NERC ID Number) (As of MTEP-05)
5 Poweshiek-Reasnor 161 for Montezuma-Bondurant 345 Reconductor of Poweshiek-Reasnor 161 kV line to 326 MVA 2005
(NERC 3704) Appendix A Branch ID # 187
Arnold-Vinton 161 for D.Arnold—Hazelton 345 L o
10 (NERC 3724) None identified at this time :
Montezuma-—
14 Bondurant 345 kV None identified at this time i
(NERC 6086)
Arnold-Hazelton 345 for loss of Wemp-Paddock 345 FICESHEMACET-FEL 086 [ CEGAENE B | gy o
21 (NERC 3705) proposal of Salem-Spring Green 345 kV 2014
Appendix A Branch ID # 344, 1266, 1267

It is known that the Salem 345/161 kV transformer
(ALTW), an existing Midwest ISO flowgate is sensitive
to south-to-north and east-to-west transfers. The base
case flow on this transformer has increased since the
2003 summer. This is primarily due to an increased
south-to-north bias. Changes in local line impedances
due to system upgrades and an increased ALTW load
since the 2003 summer also contributed to the increase.
A Salem Operating Guide (ALTW) has been developed
that calls for opening the Salem 161 kV bus tie (ALTW);
however, its implementation would overload the Asbury-
Lore 161 kV line (ALTW). ALTW plans to re-conductor
this line prior to the 2005 summer season. The Salem
guide will be available for the 2004/05 winter season.

Alliant Energy and Midwest ISO have been charged
by NERC (via the NERC Alliant West TLR Task Force)
with ensuring that planning studies are performed to
identify transmission facilities needed to be upgraded
or added to accommodate known firm uses of the
system and to ensure reliability in this area. An Eastern
lowa study group has been formed and is commencing
a detailed study of this area that will consider historical
levels of parallel path flows in this area. For additional
details on this area see Chapter 6 and Appendix D.
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South Central lllinois

The Prairie State 1500 MW coal-fired generating
plant is planned to interconnect to the AmerenIP system
in south central Illinois by 2009. This large base-load
plant will tap coal resources in the area and is expected
to provide capacity and energy for a number of Midwest
ISO Network Customers, once it is established as a
deliverable Network Resource. Considerable upgrades
are needed to interconnect the plant reliably and
provide for adequate delivery service. One of the major
upgrades identified so far is the addition of a 26-mile
Baldwin—Rush Island 345 kV line. It is possible that a
number of transmission system expansions to this area
of the Midwest ISO Transmission System could provide
for more economical delivery of the output from plants
in the area by reducing possible congestion on the

Eastern Kentucky

The Midwest ISO has been advised by Eastern
Kentucky Power Cooperative, a non-member of the
Midwest ISO, that they are anticipating some significant
configuration changes to their system that borders
Midwest ISO member system LGEE. These changes are
expected to occur by 2008 and involve building a 100
mile 161 kV transmission interconnection between EKPC
and BREC to serve the load in WREC and the opening
of the tie between TVA and EKPC. The Midwest ISO
has been evaluating the impacts of these external system
changes. Preliminary findings indicate that with these

South Dakota/ Minnesota

The proposed Big Stone II 600 MW coal-fired
generating plant is planned to interconnect to the Otter
Tail Power Company system in eastern South Dakota
by 2011. This project would be constructed next to
the existing 475 MW Big Stone 1 power plant located
near Milbank, South Dakota. Generation capacity and
energy from this project is expected to be delivered to
both Midwest ISO network customers, as well as non-
Midwest ISO network customers located in the MAPP
region. Generation Interconnection and Delivery Service
studies are underway and have identified two potential
transmission alternatives that at a minimum will require
construction of new 230 kV transmission facilities in
eastern South Dakota and west-central Minnesota.

The next two sections describe exploratory
transmission studies which are looking at moving
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system, particularly if other large plants were developed
in this area. Analysis performed for MTEP 03 released
in June 2003 postulated various expansion options
to this system and found some of them effective in
relieving congestion that could exist if additional coal
plants were added in this area to take advantage of
the available coal supplies, or if generation of other
fuel sources were added. Several of the postulated
expansions in MTEP 03 are included as long-term
proposed projects in this MTEP 05 Appendix A and
include Newton — Merom 345-kV, St. Francois—Fletcher
345-kV, and Albion—Norris City 345-kV. The Midwest
ISO will continue to work with Ameren to evaluate the
need for and benefits of these and other projects.

system changes there could be overloads on the Lake
Reba Tap-Union City 138 kV line in the LGEE system
under base conditions. Additional limiting facilities for
n-1 contingencies were observed in the 2009 model in the
LGEE system in the Fawkes/Lake Reba/Delvinta area.
This is due to the additional output from the J K Smith
power plant in support of service to the 447 MW load at
WREC. We will continue to monitor these developing
plans and their impact on Midwest ISO system expansion
needs, and will report further on these impacts in MTEP
06 which is underway.

large amounts of energy resources from the Dakotas,
Minnesota, and Iowa to markets to the south and east.
These studies both have proposed lines in the area of
the Big Stone II project. The wider regional planning
perspective of the Midwest ISO presents an opportunity
to coordinate the development of transmission plans
for the area which address both Big Stone II generator
outlet requirements and the long-term development
of energy resources in this area. The challenge is
balancing the value of interconnection upgrades of least
cost in the near-term and for current commitments, with
the advantages of more expansive upgrades and their
potential benefits over a longer term. This is the focus of
the Exploratory regional plans discussed briefly below,
and further in Chapter 7 of this report.
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Northwest Area

Midwest ISO identified in MTEP-03 potential
plans for expansion of transmission in the Dakotas and
into Minnesota with the goal to eliminate constraints in
northwestern MAPP to the development and delivery of
additional generation resources in the Dakotas. Since
then, the Midwest ISO has been working with an active
coalition of generation developers, government entities
and utilities, the Upper Great Plains Transmission
Coalition (UGPTC), interested in determining best
plans to enable this development.

The Midwest ISO is leading studies to address
this issue with the goal of selecting preferred projects

Southern Minnesota/ Northern lowa

A study similar in some respects to the Northwest
Area study is also being performed by the Midwest
ISO in this area. The transmission system in this
area has limited capacity to allow for significant
development of additional wind generation projects.
Because the northern Iowa and southern Minnesota
area is a very good wind resource, there are a large
number of generator interconnection requests in this

area — literally thousands of megawatts of requests.

This study will determine how to get 2,700 to 3,500
MW of wind generation to market in addition to
existing and committed generation projects. The
Rochester, Minnesota area; La Crosse, Wisconsin

for increasing the power delivery capability of the
transmission system from the Dakota’s. This study is
ongoing at the time of this MTEP 05 distribution. It is
expected that once studies are completed, the Midwest
ISO will facilitate the implementation of these projects
by identifying impacted and benefiting parties and
applying newly developed Midwest ISO transmission
pricing policies to recommend fair cost assignment and
recovery for the projects.

Please see Charter 7 for further details on the current
status and results from these studies.

area; Worthington, Minnesota area and eastern lowa
area all have future load serving reliability concerns.
The Minnesota—Wisconsin Stability Interface is a
system constraint which can impact the ability of new
generation to be sited in Minnesota and Wisconsin.
The State of Minnesota also has a Renewable Energy
Objective in which utilities in the state should have 10%
of energy produced from renewable sources by 2015.
This exploratory study will develop a transmission plan,
which addresses these concerns at a preliminary level.

Progress on this plan development is contained in
Chapter 7.
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2.6 Planning Across Midwest ISO Seams

The Midwest ISO continues to develop and improve
working arrangements with parties bordering the Midwest
ISO region. The Midwest ISO is engaging these border
entities in seams discussions and systems integration to
permit the orderly conduct of energy transfer and related
economic settlements that must occur, and of coordinated
system expansion.

The development of these business arrangements
is currently done under the collective title of Seams
Coordination. The Midwest ISO has a filed Joint
Operating Agreement (JOA) with PJM and has recently
developed similar agreements with TVA (joint Midwest
ISO/TVA/PIJM), SPP, and is developing an agreement
with the non-Midwest ISO members of MAPP.

Planning coordination with these entities through
these JOAs involves close coordination on model
development, data exchange, coordinated interconnection
and transmission service impact studies, and development
of joint regional plans. The Midwest ISO and PJM plan to
develop the first joint regional plan by June of 2006. This

plan will begin with the individual plans most recently
created by each RTO and will develop an integrated
view of the future super-regional system. Joint plans
will include identification of expansion projects that are
subject to cost sharing between the RTOs on the basis of
cross-border cause and/or benefits, in accordance with
procedures in development and to be filed by each RTO
by mid-year 2005.

In addition, the Inter RTO/ISO Council is
developing a draft scope and schedule for a combined
inter-RTO/ISO expansion plan that will build from
the various plans created on a seams interface basis to
produce the first ever coordinated plan encompassing a
majority of the nation’s electrical grid. This activity is
tentatively scheduled for release in 2007.

While these coordination agreements and procedures
are in initial stages of implementation, this current MTEP 05
has taken advantage of the participation, data exchange, and
review of individual transmission owner systems with
seams with the Midwest ISO except AECI and SERC.
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2.7 Process Overview

As stated above, the Midwest ISO develops the
plan with the input and assistance of the following
stakeholder groups including:

* The Expansion Planning Group

*  The Planning Subcommittee

*  The Advisory Committee

*  The Organization of Midwest ISO States

Midwest ISO
Board of
Directors

i ; Organization
cﬁmﬁﬁge Plgrt];P 9 of Midwest ISO
States (OMB)

Planning

Subcommittee Advisory Input (---)

Committee Reporting

Expansion
Planning
Group

Figure 2.7-1: Process Overview
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The current planning process at the Midwest ISO
integrates the ongoing planning processes that are
responsive to new customer requests for system access,
and the continuing but cyclic Baseline Reliability
studies of the MTEP regional plan development. The
graphic below depicts these processes.

REGIONAL DEVELOPMENT PROCESS

TRANSMISSION ACCESS PROCESSES

(MTEP)
Generatorl Transm|.ssmn TO Plans for
Interconnection Service
Load Growth
Requests Requests

Facilities Study

Facilities Study

Direct Network Direct Network MISO Analyses
Connect Uparades Connect Uparades Reliability
Facilities P9 Facilities P9 Congestion

Additional
Projects
Y Y

Figure 2.7-2: Planning Process
Key elements of this process include the following:
*  Roll-up of Transmission Owner Plans

* Inclusion of Plans from Interconnection and
Delivery Services

+ Development of Power Flow Base Case
* Review of System Reliability and Congestion
+ Development of any Additional Expansion Needs

* Review of Additional Regionally Beneficial
Expansions



M l S O MTEP 05 wmidwest ISO Transmission Expansion Plan 2005

Section Two: Midwest ISO Planning Objectives and Process - Update

Roll-up of Transmission Owner Plans

An essential part of the Midwest ISO regional
expansion plan is the roll-up of the local area plans of the
Transmission Owners. The Midwest ISO Transmission
Owners  Agreement establishes the ongoing
responsibility of the Transmission Owners to plan for
the continued reliable operation of their systems. The
Midwest ISO and the Transmission Owners collaborate
on a daily basis in reliability studies related to requested
uses of the system for new delivery service rights, and

Reliability Review of the Planned System

As described above, parallel planning processes
coexist within the Midwest ISO region as Transmission
Owners continually plan their systems for their local area
needs. Some of these localized planning processes are
more coordinated than others, depending on the NERC
region to which the Transmission Owner is a member.
The Midwest ISO must perform comprehensive reliability
reviews of the integrated plans of the Transmission
Owners. This is in order to ensure that these local
processes are sufficient to meet reliability needs, are

TO Plans
for Load
Growth

MISO
Analyses

GIR
TSR

Additional
Projects
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for new generator interconnections. However, the many
Transmission Owners are continually evaluating their
systems often independent of each other for their local
area needs. The roll-up and testing of the integrated
developments from these various processes is essential
to ensure the efficient long-term reliable operation of
the Midwest ISO system. The roll-up of plans is the
integration process, and provides the initial Midwest
ISO plan for various study purposes.

coordinated and do not result in either inefficient plans
or parallel path flow changes that could infringe on the
rights of existing transmission customers, or in certain
tightly interconnected areas, possibly endanger the
reliability of the system.

The reliability review process has several embedded
steps as depicted below, the objectives of which are to
expand the system where necessary to address reliability
needs in the most economical manner.

I-up Base Projects

Y

Dispatch (Economic/ Stressed Case)

gency Analysis
lilty Violations
Higher
Congestion
Costs

on Set l

Re-Dispatch

ompare
ion Costs

ure 2.7-3: Reliability Review Process
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Review of Additional Regionally Beneficial Expansions

One of the key aspects of the MTEP begun with
MTEP 03 is the study of the ability of the planned
transmission system to provide low cost electricity
to customers into the future. The MTEP process will
continue to solicit stakeholder input as to regionally
beneficial expansions that while not essential to

maintaining reliable supply from currently committed
and planned resources, provide benefits that are favorable
relative to their costs. Such benefits could involve
enabling access to low cost resources, providing for
economic development in an area, or furthering energy
policy such as achieving renewable energy targets.

2.8 The Importance of Appendix A

Appendix A is a spreadsheet listing of the Planned
and Proposed projects that are a part of MTEP 05. The
listing includes much information about the nature, location,
expected service date, need, driver, estimated cost, and
other information about the Baseline projects needed in the

2.9

The Midwest ISO will support the need for and track
the development of projects defined as Planned projects
that are part of the approved MTEP.

The MTEP will be subject to change, as system
conditions change. Changes in load growth, changes
in usage patterns, development of new generation

region. Appendix A is a living document that is updated
twice annually in February and in July and on that basis is a
current listing of the expected development of the Midwest
ISO Transmission System. Midwest ISO future system
models are based on the projects contained in Appendix A.

Implementation and Follow-Up

interconnections, changes in projected service dates of
interconnection plans, delays in regulatory approvals of
transmission projects, or ongoing development of preferred
plans, all may cause changes to the overall Midwest ISO
plan. The MTEP will be updated as needed to incorporate
the impacts of such changes on the overall Plan.
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3.1 Scope of the Midwest ISO System

On December 20, 2001, the Midwest ISO became
the first FERC-approved RTO in the nation and began
selling regional transmission service under its FERC-
approved tariff on Feb. 1, 2002.

As a Regional Transmission Organization, the
Midwest ISO provides non-discriminatory, open access
to the transmission system under its operational control.
This transmission system spans 15 states.

Midwest ISO statistics:

23 Transmission Owners
36 Control Areas in three regional reliability
organizations

+ MAPP/MRO
+  MAIN
+ ECAR

119,000 Mw of peak load

131,000 Mw of generating capacity

97,000 miles of transmission lines

947,000 square miles in the Midwest ISO footprint
15.1 million customers

1,504 Generating units in the reliability footprint

2 Control Centers

+ Carmel, Indiana

« St. Paul, Minnesota

B Midwest 150, Current Operations

Figure 3.2-1: The General Areas of the Three RSGs.
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Planning Regions
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For the MTEP 05 study process, the studies were divided into three regions corresponding closely to the boundaries
of the NERC regional reliability organizations MAPP, MAIN and ECAR. Each Regional Study Group (RSG) invited the
non-Midwest ISO participants in the NERC region to participate in the Midwest ISO MTEP 05 reliability studies.

ECAR RSG Participants

CINERGY

FirstEnergy

Grid America

Hoosier Energy

Indianapolis Power & Light

International Transmission Company
LG&E Energy

Michigan Electric Transmission Company
Northern Indiana Public Service Company
VECTREN

MAPP RSG Participants

Alliant Energy West

Lincoln Electric System

MidAmerican Energy Company - Non-Member
Manitoba Hydro - Coordination Member

Minnesota Power

Montana-Dakota Utilities Co.

Muscatine Power & Water - Non-Member

Otter Tail Power Company

Western Area Power Administration - Non-Member
Xcel Energy North

MAIN RSG Participants

Allegheny Energy Supply Co., LLC
Alliant Energy Corporate Services
Ameren

(including the operating companies of)
*AmerenUE

*AmerenCIPS

*AmerenCILCO

*AmerenlP

American Transmission Company, LLC
Central lowa Power Cooperative

City Water, Light and Power

Columbia (Missouri) Water & Light
Commonwealth Edison Company
Constellation Energy Commodities Group, Inc.
Coral Power, LLC

Duke Energy

North America, LLC

Edison Mission Marketing and Trading
Electric Energy, Inc.

GridAmerica LLC

Illinois Municipal Electric Agency
Madison Gas & Electric Company
Midwest ISO

Northern Indiana Public Service Co.
NRG Energy, Inc.

PJM Interconnection, L.L.C.

PPL EnergyPlus, LLC

Southern lllinois Power Co-operative
Soyland Power Cooperative, Inc.
Tenaska Power Services

Wisconsin Electric Power Company
Wisconsin Public Power Inc.
Wisconsin Public Service Corporation.
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3.3 Load and Generation Trends

The Midwest ISO does not currently prepare
a long-term load forecast. Load projections are
reported by Network Customers under the tariff,
and are represented in planning models developed
collaboratively between the Midwest ISO and our
transmission-owning members. Members also provide
load forecasts through the NERC regional reporting
processes. Resource adequacy is established under the
tariff by requiring load serving entities to report their
Network Resources that will be used to meet State and
NERC regional resource adequacy guidelines.

Estimates of load and resource additions through
the 2009 period have been made below in Figure 3.3-1 by
using the current Midwest ISO peak load measurements,
aggregate load growth rate projections reported by
members and non-members to NERC, and activity from
the Midwest ISO generation interconnection queue.

Section Three: About Midwest ISO 37

At an estimated load growth rate of 1.9%, the
peak load of Midwest ISO for 2009 would be about
131,000 Mw, which is about equal to the current
installed capacity of 131,000 MW. There is about 11,554
Mw of generation in the current queue with executed
interconnection agreements and service dates between
2004 and 2009 inclusive. There is an additional 17,521
MW of generation in the queue for service over this
period that have not yet executed interconnection
agreements.

Additional load and capacity projections for
the wider Midwest region are available from the
report “2004 Long Term Reliability Assessment, The
Reliability of Bulk System in North America” by the
North American Electric Reliability Council. This
NERC report concluded that overall the three regions
are expected to have adequate resources through 2013.

Load and Generation Trends

165,000

155,000

145,000

S 135,000 /
115,000
105,000 . :
2004 2005 2006 2007 2008 2009

Peak Load == =2004 Installed Cap
In Queue with |A In Queue without 1A

Figure 3.3-1
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Figures 3.3-2 through 3.3-5 are from this NERC report and show the historical loads, the projected load forecasts under
high, normal and low growth assumptions, the existing generation capacity and the projected generation in each region.

MAPP US Capacity vs. Demand - Summer
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35
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—Projected Demand

Thousands of MW
g

25
—— Regional Capacity
Frojection
1893 1995 1997 1989 2001 2003 2005 2007 2009 2011 2013
MAPP US Capacity Margins - Summer
25
20
~ = 2004 Projection
= 15 ~—
% == = 2003 Projection
o
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Source: “2004 Long Term Reliability Assessment, The Reliability of Bulk System in North America”
by the North American Electric Reliability Council.

Figure 3.3-2
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MAPP Canada Capacity vs. Demand - Winter
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Source: “2004 Long Term Reliability Assessment, The Reliability of Bulk System in North America”

by the North American Electric Reliability Council.

Figure 3.3-3
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MAIN US Capacity vs. Demand - Summer
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3.3.2 Midwest ISO Generation Interconnection Queue
Figure 3.3-6 below shows the active generation interconnection queue entries for the two-year period January

2003 to January 2005. The number of active entries has remained relatively stable between approximately 80 and
100. During this time, more than 150 new requests have entered the queue.

Number of Active Entries in Queue by Date

Figure 3.3-6
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There has been a considerable shift in the type of requests the Midwest ISO is processing. As shown in Figure
3.3-7 below, 65% of current entries are for wind power, 18 % for natural gas and 12 % coal.

2005 Queue
Number of Queue Entries by Fuel Type

Other
1% |

Coal ‘
12% )—

Natural Gas

18% |
Nuclear Wind
4% 65%

Figure 3.3-7

Compared to the entries in the 2003 queue shown in Figure 3.3-8 below, this is a 30% increase in wind
requests, 50 % increase in the number of coal requests and a 50 % decrease in gas requests.

2003 Queue
Number of Entries by Fuel Type
BioMass
3%
Coal
6% | ‘
Combined | ‘
Cycle
14%
Diesel wind
4% 50%
Gas
22% Nuclear
1%

Figure 3.3-8
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While the number of wind entries has increased significantly, in terms of capacity, the 2005 queue shows that the
predominant fuel type is coal with 6700 MW, followed by wind with 5800 MW and gas with gas with 5000 MW.

2005 Queue
Generation Capacity in Queue by Fuel type

Other
0%
L= Wind
31%

Coal

Nuclear
7%
Natural Gas
26%
Figure 3.3-9

This compares to the 2003 queue shown in Figure 3.3-10, in which the overwhelming capacity of the queue
was in natural gas plants. Most Combined Cycle plants are gas fired also.

2003 Queue
Generation Capacity in Queue by Fuel Type

BioMass
0%

Diesel
0%

Figure 3.3-10
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The higher price of natural gas over the past two years may be a primary factor in more coal and wind being
proposed for the future, and for the expectation of reduced energy production from existing gas plants.

The proposed locations of the Queue entries by requests and by fuel type are shown in Figure 3.3-11 below.
The bulk of both the entries and the capacity is in Minnesota, and this is largely wind-powered capacity.

2005 Queue 2005 Queue
Number of Queue Entries by State Generation Capacity in Queue by State
CAN %‘:,N—‘
1% ’
sD 1A
1A = i
, [ 3% 2% \I ‘ wi sb

3% | |

L] &

IL

IN
8%

8%

MN
49% 36%

Figure 3.3-11

The plot below shows the geographic distribution of the queue entries.

MISO Generation Queue Entry Locations

Features Legend
A Wind

¥ Gas
@ Coal

Figure 3.3-12
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3.4 Midwest ISO Primary Energy Resource Opportunities
3.41 Coal

Midwest ISO has significant coal resources that are being mined in its footprint. North Dakota, Illinois, Indiana,
Kentucky and Ohio have concentrations of coal-fired generation near mines. Other states are served by rail from the
coalmines and from the Power River Basin mines in Wyoming. Figure 3.4-1 displays the location of sources of coal in
the U. S.A. Michigan and lowa coal beds are not major sources of commercially recoverable coal.

Coal Sources in the United States

Figure 3.4-1
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3.4.2 Gas

The Midwest ISO footprint also has an abundant gas supply available as indicated in the map in Figure 3.4-2.
The paths of many of the major pipelines pass through the Midwest ISO footprint.

Natural Gas Basins and Transport Routes
Source (DOE/EIA 0618(98):
Energy Information Administration— Deliverability
on the Interstate Natural Gas Pipeline System

Figure 3.4-2
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3.4.3 Wind

Wind generation is increasingly a potential source
of economic energy. The map in Figure 3.4-3 shows
the locations of the major sources of wind energy in
the U.S. Class 4 wind areas, with Good wind energy
development potential, are shown as blue on the
map. The Buffalo Ridge, in southwestern Minnesota,
northwestern lowa and the Dakotas has considerable
wind energy development proceeding. A few wind
farms have been developed in the Class 3 areas.

The time required to build higher voltage lines

Section Three: About Midwest ISO 48

of 345-kv or higher is in the range of five to seven
years. Wind generation can be developed in two years.
Transmission congestion in the Buffalo Ridge area
currently limits wind generation output; however, short-
term solutions for lower voltage transmission lines are
being designed to provide an increase in transmission
capacity in the Buffalo Ridge area.

The 5,000 MW of wind generation is a significant
amount, but it is small compared to the total potential
outlined in Table 3.4-1.

Table 3.4-1: Wind Power (MW)

Total Potential 2
6980
62900
75000
99100

Existing '

138400

117200
6440
506020

Figure 3.4-3

Notes:

[1] Nameplate MW, American Wind Energy
Association, January 2004.

[2] Average MW, circa 33 % of nameplate
capacity, sourced from “An Assessment of Windy
Land Area and Wind Energy Potential”, Pacific
Northwest Laboratory, 1991.

Source: Wind on the Wires presentation on Net
Environmental Impacts of Transmission Systems in
the Midwest.
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3.5 Regional Transmission to Access Generation Resources

Midwest ISO has engaged in forward transmission
studies involving about 5,000 MW of wind generation
in the Dakotas, Minnesota and Iowa. These studies are
described further in Chapter 7. The lowa—Southern
Minnesota-Wisconsin Exploratory Study has up to 3,500
MW of wind generation included in a study to identify
potential transmission that would be required in Southern
Minnesota, Northern Iowa and Wisconsin areas. The
Northwestern Exploratory Study coordinated with the
Upper Great Plains Transmission Coalition determine
scenarios for study. The Northwestern Exploratory study

includes 500 MW of coal in North Dakota and 1,500 MW
of wind generation at various sites in the North and South
Dakota.

The Minnesota CAPX study is investigating the
generation and the transmission alternatives that would
be required to serve the loads in Minnesota for the 2020
study year. The CAPX study is incorporating the lowa-
Southern Minnesota-Wisconsin Exploratory Study and
the Northwest Exploratory Study plus scenarios developed
by the CAPX group. The CAPX study includes a 10%
Renewable Energy Objective in the study scenario.

3.6 Retirement Possibilities of Older Generation

Figure 3.6-1 displays the age of generating plants
in the United States. A substantial proportion of the total
generation capacity is over forty years old. No indication
of retirement of these facilities has been given, but one
may expect some decisions as the market matures.
In addition, the start of market operations within the

Midwest ISO could impact retirement decisions. The
amount of generation retirements and the location
of new replacement generating resources will have a
significant influence on how and where the transmission
network may evolve in the longer term.

90000

80000

70000

60000

50000

40000

Capacity (MW)

30000

20000

10000

50 years + 40 to 49 years

30 to 39 years

20 to 29 years 19 years or less

Source: Energy Information Administration, Existing Electric Generating Units in the United States, 2003.

Figure 3.6-1
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3.7 Transmission Technologies
3.71 Conductor Technology

Various transmission conductor technologies
have made it possible to increase the thermal loading
characteristics of transmission lines on existing right-
of-way (ROW). Midwest ISO members have installed
some of the higher rated conductors and WAPA has a
composite conductor being tested in North Dakota. Such
technologies improve the use of existing ROW. Midwest
ISO continues to investigate the potential use of these
conductors in the planning process.

Section Three: About Midwest ISO 50

Xcel Energy has installed a ceramic composite
conductor on some 115-kv lines in the Minneapolis
area that increases the lines capacity without increasing
the size of the transmission structures. 3M is the
manufacture of the conductor.

This chart shows the experience in England and
Wales in application of new conductor technologies to
increase the capacity of a transmission tower line more
than twofold.

Ceramic Composite Conductor on 115 kV Line
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Increase in Rating of CEGB/ NGC L2 Tower Twin Bundle Overhead Lines
(without tower modifications)
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Figure 3.7-1

3.7.2 Long Distance Power Transfer

Midwest ISO held a seminar in St. Paul in 2004
for High Surge Impedance Loading Transmission Line
technology. This technology enables the doubling the
long distance power transfer capacity of a transmission
line with a cost savings for construction of 30% per
MW-mile of power transmitted while utilizing forty
percent less ROW. The technology has been in use in
Russia for about fifteen years. China and Brazil are
installing 500-kv lines with the HSIL technology. The
design experience and assistance for transmission line
design is available to U.S. transmission owners.

Many of the transmission systems in the eastern
part of Midwest ISO can be operated to thermal rating
limits of the conductor. However, the long distance
power transfer capability is very dependent upon the
design of the line, or the surge impedance loading. HSIL
addresses the impedance aspects of line design for long
distance power transfer.

Transferring power from the coalfields, wind farms
and to the southern and eastern markets are possible
uses for HSIL technology.
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3.7.3 FACTS Technology

Midwest ISO members have had HVDC , Static
VAR Compensators, Statcoms, Series Capacitors
and Phase Angle Regulators (PAR) operating in its
transmission systems for some time. Midwest ISO

3.7.4 Load Technologies

Link and Sync™ technology is being investigated
in the North Dakota area as a means of using a variable
electric load to store heat in the floors of buildings for
a delayed release as needed to heat a building. The goal
is to modify the electric load of the transmission system
such that the net energy available from wind generation
more closely follows the load pattern required by the
other load.

Telecommunications are used to cycle the electric
heating elements according to a dispatching order
similar to a generator dispatch order.
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members have experience with FACTS technology.
Midwest ISO members consider FACTS technology
solutions in their planning processes.

The load could also be used as a dynamic brake for
generator stability considerations following a fault on
the transmission system. The heat due to a braking event
would be small even in the summer. Using dynamic
braking may allow the transmission system to be loaded
at higher levels pre-fault.

3.7.5 Eastern Interconnection Phasor Project

Midwest ISO is participating in a demonstration of
concept for the Eastern Interconnection Phasor Project(
EIPP). The EIPP is sponsored by the Department of
Energy. The EIPP is a collection of highly accurate,
GPS time synchronized power data monitoring
units and computers that concentrate the data. A
measurement from EIPP can be combined via digital
communication links with other measurements in
the Eastern Interconnection to determine the voltage
magnitude and angle ( phasor) across the geographical
distance between the measurement points. Knowing the
value of two voltage phasors at the end of a transmission
line allows an accurate estimate of the power flow on the

line. State Estimators provide the data about the power
system that allows the operators to make decisions
about the way the transmission system is operated.
EIPP receives data inputs up to 60 times faster than the
Midwest ISO State Estimator receives inputs. EIPP has
the potential to provide nearly a real time state estimate
that is much faster than the present State Estimator.

The rate that data is received will allow the
Midwest ISO control center to determine if the power
system is oscillating and take corrective actions to stop
the oscillation. Power oscillations are detrimental to
successful operation of a power system
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Section 4: Status Update on Plans from MTEP 03

The Transmission Planning responsibilities of
the Midwest ISO include monitoring the progress
and implementation of necessary system expansions
identified in the MTEP. The Midwest ISO Board
approved the first Midwest ISO expansion plan
MTEP 03 on June 19, 2003. Following is a review of the
Midwest ISO expansion facilities listed in the MTEP 03
report Appendix A, and their status. Appendix A is
comprised of two tables — Form 1 listing transmission
line and transformer facilities, and Form 2 listing device
facilities such as capacitors and reactors. A transmission
system upgrade project may be comprised of multiple
branch and device facilities. Approximately half of the
facilities in Appendix A are part of a multiple facility
project.

Because the development of data for the pending
MTEP 05 began in 2004, original MTEP 03 facilities
that had not gone into service before January 1, 2004 are
included in the new MTEP 05 Appendix A unless they
have been cancelled due to replacement with a preferred
project, have been delayed beyond the reporting period
of the MTEP 05, or are no longer needed due to
changing system conditions. The MTEP 05 Appendix
A also includes new expansion facilities that have
emerged since MTEP 03 as the planning horizon has
been extended through 2009.

Of the 407 facilities in MTEP 03, 229 of them had a
Planned status. The chart below shows the present status
of the Planned facilities from MTEP 03.

O In Service or On Track
B Modified - Need Resolved
O Modified - Need Unresolved

Figure 4-1:
Status of 229 MTEP 03 Planned Facilities

As a whole, nearly all of the 407 facilities included
in MTEP 03 are on track or resolved. The chart below
shows the present status of all Planned and Proposed
facilities from MTEP 03.

O In Service or On Track

B Modified - Need Resolved
O Modified - Need Unresolved

Figure 4-2:
Status of 407 MTEP 03 Facilities
All Planning Status
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An initial comparison of planned or proposed
facilities between the two plans showed that 179 or
44% of the original plans had been modified from
the original plan. Midwest ISO staff inquiry into the
reasons for these modifications indicated that for 158
of these facilities the modification is either appropriate
due to changing conditions, or the modification is not
significant. Appropriate modifications have occurred
for a number of reasons such as:

* Load growth less than anticipated, and revised
models show delay is appropriate

*  Generation or transmission service plans of
customers have changed

* Development of alternative solutions such as
system operating guides or alternative facilities

Other modifications to the original projects
occurred that are not significant to reliability for the
following reasons:

*  Project was delayed a short period, but is now in
service

*  Project was, or will be delayed a very short period
(months) without significant increase in reliability risk

*  Project had some delays but is expected in service
by summer 2005

There were some delays in only component parts
of a multifaceted project which do not impact overall
project schedule

There remain at this time 21 facilities, about 5 %,
from MTEP 03 for which the need apparently continues
to exist and the facilities have been delayed beyond
the desired service date for reasons predominantly of
regulatory delays or construction delays. A number of
these facilities are part of individual projects, so there
are less than 21 projects with delays beyond the desired
in-service date. The Midwest ISO has documented
these facilities and will incorporate review of the
critical conditions driving these facilities into seasonal
operating reviews of the system to develop operational
steps if required to secure the system until the facilities
are installed. The 21 facilities are listed in the table on
the following page.

54

New Facilities Added in MTEP 05

As noted previously, there were 407 itemized
facilities in the 2002-2007 period of MTEP 03. MTEP 05
expands the planning horizon through 2009. There are
a total of 518 new facilities now planned or proposed
through the 2009 period that have been newly identified
with the MTEP 05 effort (where not identified in
MTEP 03).

Impact on Reliability of Changing
Project Status

The Midwest ISO is committed to monitoring the
implementation of facilities identified as necessary in
the MTEP process. A part of this planning process
involves the continuing assessment of project status.
Changing conditions of the current and projected
system will cause appropriate modifications to plans,
and status changes as we have seen between MTEP 03
and MTEP 05 are expected.

The results of the Baseline Reliability analyses
that have been performed for the first time in this
MTEP 05 and that will be a part of subsequent MTEP,
along with other supporting studies performed by the
Transmission Owners are the indication as to whether
the currently identified facilities in the Appendix A to
MTEP 05 are sufficient to maintain system reliability.
The results of these analyses are described in Section
6 to this MTEP report.
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Table 4-1: Projects With Delays Beyond the Desired In Service Date

MTEP 03 MTEP 05
Expected Expected

Delay

Voltage MTEP 03 Updated

From Ckt Reason For Change

In Service In Service (kV) Status  Status
Months
E() Date
NW 12th & : :
5/1/04 5/1/05 |19th & Alvo Arbor 1 115 Planned | Planned 12 |One year delay in scheduled construction

Project changed from simple reconductor to
6/1/04 6/1/05 |Falls Pioneer 138  |Proposed| Planned 12 |line rebuild to allow for higher capacity and
future uncertainties.

Project changed from simple reconductor to
6/1/04 6/1/05 |Morgan Falls 138  |Proposed| Planned 12 |line rebuild to allow for higher capacity and
future uncertainties.

Project changed from simple reconductor to
6/1/04 6/1/05 |Pioneer Stiles 138  |Proposed| Planned 12 |line rebuild to allow for higher capacity and
future uncertainties.

6/1/04 | Dropped |Daytons Bluff |Battle Creek 1 115  |Proposed| Dropped | n.a. |no longer planned
6/1/04 | Dropped [Red Rock |Battle Creek 2 115 | Proposed| Dropped | n.a. |no longer planned
6/1/04 | Dropped |Red Rock |transformer 1 345-115 |Proposed | Dropped n.a. |no longer planned
6/1/04 | Dropped |[Red Rock |transformer 2 345-115 |Proposed | Dropped | n.a.  [no longer planned
Budget constraints have resulted in a deferral
11/1/05 | 11/1/06 |Herblet Lake |Sherridon 1 115 | Proposed| Planned 12 |as new lower cost alternatives are being
evaluated.
Addressing local opposition concerns and
. : change in state regulations. Also, after further
5/1/06 | 12/31/07 |Chisago Lindstrom 1 115 Planned | Planned 20 review the 2nd Lawrence Creek 161-115
transformer (Row ID 305) can be cancelled
Addressing local opposition concerns and
Lawrence . change in state regulations. Also, after further
5/1/06 | 12/31/07 Creek St Croix Falls | 1 161 Planned | Planned 20 review the 2nd Lawrence Creek 161-115
transformer (Row ID 305) can be cancelled
51006 | 12/31/07 |21 lansformer | 1 | 161-115 | Planned | Planned | 20  [ddressing local opposition concerns and
Creek change in state regulations.
5106 | 12/31/07 |Lindstrom  |Shafer 1 | 115 | Planned | Planned | 20 [Addressing local opposition concerns and

change in state regulations.

Revised in-service date due to the need to re-
apply for regulatory approval. Reapplication
5/1/06 6/30/08 |Kelly Whitcomb 115 | Proposed| Planned 26  |was primarly based on increased costs due to
restrictions included in original application to
the Public Service Commission of Wisconsin.
Part of wind outlet project. Total project
9/1/06 7/1/07  |Fenton Chanarambie| 1 115 Planned | Planned 10  |has late 2007 in-service date. Shift due to
construction scheduling.

Capacitor 80>120

5/1/04 Dropped |Elm Creek upgrade MVAR

115  |Proposed| Dropped | n.a. |Additional study needed

St. Louis . 60 I
5/1/04 | Dropped Park Capacitor MVAR 115 |Proposed| Dropped | n.a. |Additional study needed
5/1/05 | Cancelled |Wilson Capacitor #2 M1\§A0R 115 Planned [Cancelled| n.a. |Additional study needed
5/1/05 | Dropped |Elm Creek [Capacitor #2 M1\§A0R 115 | Proposed | Dropped n.a. |Additional study needed
W River ; 80 ”
5/1/06 | Dropped Road Capacitor MVAR 115 | Proposed | Dropped n.a. |Additional study needed
5/1/07 | Cancelled [Wilson Capacitor #3 et 115 Planned [Cancelled| n.a. |Additional study needed

MVAR
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Section 5: Overview of the MTEP 05 Study

5.1 Scope and Objectives

MTEP 05 is the second issue of a Midwest
ISO regional transmission expansion plan. The first,
MTEP 03, was issued in June of 2003. MTEP 03
provided foundational information on the scope of
expansion planning through the 2007 plan year that
was underway at the time of startup of Midwest ISO
operations and shortly thereafter. It also provided in-
depth analyses of the potential for regional transmission
expansions to provide for lower customer energy costs
by reducing congestion and by enabling the entry and
delivery of new low cost generation.

MTEP 05 extends the work of MTEP 03 by
updating the expansion plan through the year 20009,
tracking the progress of plans identified in MTEP 03,
continuing the development work on several of the most
promising “Exploratory” regional projects identified
as potentially beneficial in MTEP 03, performing a
comprehensive top-down reliability evaluation of the
expected baseline performance of the Transmission
System through the 2009 horizon, and identifying the
expansion necessary to maintain system performance
within standards.

The Baseline Reliability Study provides an
independent assessment of the reliability of the
currently planned Midwest ISO Transmission System
for the year 2009. This is accomplished through a series
of evaluations of the 2009 system with Planned and
Proposed transmission system upgrades, as identified
in the expansion planning process, to ensure that they
are sufficient and necessary to meet NERC and regional
planning standards for reliability. This assessment is
accomplished through steady-state powerflow, dynamic
stability, small-signal stability, load deliverability, and
voltage-stability analysis of the transmission system
performed by Midwest ISO staff and reviewed in an
open Stakeholder process. The current assessment of
the 2009 system focused on performance of the system
for summer peak operating conditions.

The Baseline Study was performed in two phases.
Phase 1 of the Baseline Reliability Study determined
if the Planned projects in the current transmission
expansion plan provide adequate system reliability.
NERC category A, B, and C events were analyzed with
steady-state and dynamic stability analysis. Planning
criteria violations (thermal overloads and low or high
voltage) were flagged using local limit criteria, as
Midwest ISO member’s systems have been designed to

different standards. Load deliverability was determined
for control areas in Midwest ISO by calculation of Loss
of Load Probability (LOLP) value. Category C events
were evaluated for cascading by using a tripping proxy
to gauge the severity of the event and if cascading may
occur.

Phase 2 of the Baseline Reliability Study added to
the Phase 1 model projects that the Transmission Owners
have proposed to meet reliability needs through the
period. The critical analyses were repeated to determine
if the Planned and Proposed projects in the current
transmission expansion plan provide adequate system
reliability. The projects in the current transmission plan,
which are the result of the transmission studies, are
listed in Appendix A.

When Phase 2 of the Baseline Reliability Study was
nearing completion, the RSG’s reviewed operational
issues associated with transmission service requests
(TSR) by examining historical transmission line
loading relief (TLR) requests and future available
flowgate capacity (AFC) values. Financial Transmission
Rights (FTR) allocation binding constraints were also
reviewed. Operational issues that will be addressed by
the expansion plan were documented. A voltage stability
screening of expected 2009 summer peak conditions
was performed to determine areas that may have voltage
stability issues and which are being further evaluated in
continuing studies.

The Baseline Reliability Study determined how
the system is expected to perform under peak load
conditions with completion of present transmission
plans. Any gaps in the transmission plans were
identified and solutions proposed and tested. The end
result is a Midwest ISO transmission expansion plan
that is expected to meet reliability criteria once all
identified solutions are implemented, unless changes
to the plan are warranted. This expansion plan will
undergo continuous review and will be formally
reassessed in subsequent releases of MTEP. Near-term
issues are also communicated to those within Midwest
ISO performing seasonal assessments, establishing a
feedback loop between Planning and Operating areas.
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5.2 Baseline Reliability Study Inputs and Assumptions

The primary inputs and assumptions for the Baseline Reliability Study are:

1) The transmission system condition to be modeled and analyzed with associated load, generation

and base interchange values

2) The contingencies and system events to be analyzed

3) The facilities monitored with respect to the Planning Criteria

4) The current transmission expansion plans from the planning process

5.2.1 Baseline Models

This Midwest ISO Transmission Expansion
Plan study started in Fall of 2003. A 2004 year was
selected for the near-term model that would be used to
determine existing system deficiencies as a reference
point. The 2009 model was selected to determine
S-year out transmission system performance with
Planned transmission system improvements. The
Midwest ISO Baseline study models for 2004
summer peak and 2009 summer peak were developed
from NERC MMWG 2002 Series models. MAPP
member data from the MAPP 2003 Series model was
inserted and SPP member data from the most recent
SPP Series model was inserted. Forecast network
resources (generation) and loads were validated. The
steady-state powerflow analysis examined the system
performance for summer peak conditions with firm
transfers modeled.

An assumption in the MTEP Baseline Reliability
study was the inclusion of Planned transmission system
upgrade projects in the Baseline models for Phase 1 of
the analysis. Past planning studies have demonstrated
the need for these projects; therefore, the inclusion of
Planned projects would demonstrate how the current

transmission plan performed in 2009. For Phase 2 of the
analysis, the Proposed projects from Appendix A were
also included in the model and any new proposals to
address outstanding issues identified in Phase 1 which
were identified prior to Phase 2 model development.
The projects that comprise the current transmission plan
are listed in Appendix A. As Appendix A is updated
biennially, the projects which were Proposed when the
models were developed, may now have a planning status
of Planned. Therefore, Appendix A has two columns
that indicate if a project was included in the Phase 1 or
Phase 2 models.

MAIN Study Region Modeling Notes

At the start of the Study, many transmission owners
requested model updates. In the MAIN region, the ATC
and SIPC models were updated with complete inserts
of their systems. AMEREN supplied updates to reflect
changes in the information that was supplied in the
MTEP Appendix A dated January 29, 2004. AMEREN
also updated net load, and shunt data. CE, CILCO, IP,
MEC, and CWLP also provided updates to the models.
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MAPP Study Region Modeling Notes

Load levels for the entire MAPP area were modeled at 100% peak summer load for the 2004 and 2009 base cases.
No additional generation or load adjustments were made in the MAPP region. The table below shows the exports levels
in the system intact base case models MAPP.

Table 5.2-1: Base Case Area Export Levels

SPC-
BEPC
(B10T)

OH-MP
(F3M)

OHE-W Quad
Ties  City West

Cooper

MH-US  NDEX MWSI MNEX MH-SPC MH-OH

South

2009 Summer Peak 1346 634 170 212 150 S 205 0 0 50 820 98

The above table shows that the real power flows across monitored interfaces are from the north to south and west
to east.In recognition of the complexity of the integrated system that must be studied, the models must be as realistic
as possible. Particular attention was given to the following features in the dynamic models:

«  The machine and control system models were suitable for the duration of the real time period being examined in each
case.

*  Where load representation is critical, suitable detailed load models were used.

*  Where large amounts of wind power are located, appropriate detail of interconnecting substations and maximum
system outputs were modeled.

*  HVdc system behavior was modeled in appropriate detail.

* Reactive control devices such as Static VAr Systems and fast switched shunt capacitors were modeled using standard
models where possible, but with custom models where required.

e Out-of-step relays on the MH/ SP / IMO ties to the U.S. were modeled to determine not only whether these relays will
operate, but also the steady state and dynamic relay margins.

5.2.2 Planning Criteria - Contingencies and Limits

In accordance with the Midwest ISO Transmission
Owners Agreement, the Midwest ISO Transmission
System is to be planned to meet local, regional and
NERC planning standards. The Baseline Reliability
Study performed by the Midwest ISO staff in this plan
tested the performance of the system against the NERC
Standards, leaving the compliance to local requirements
to the Transmission Owners where those standards may
exceed NERC standards. The specific branch loading
and bus voltage thresholds of our member’s criteria (local
flagging criteria) were applied to accurately reflect the
different system design standards of our members in this
assessment.

Regional contingency files were developed by
Midwest ISO Staff collaboratively with Transmission
Owner with TO and regional study group inputs. NERC
Category B and C contingency events at 100-kV and
above were specified and analyzed. Over 10,000 NERC
Category B (single line, transformer, or generator outage)

contingency events and approximately 2,700 NERC
Category C (double circuit tower, breaker fault/ failure,
bus fault and double element outage) contingency events
were in the regional contingency files used for steady-state
powerflow analysis. Where Midwest ISO and non-Midwest
ISO systems were highly integrated, contingencies on non-
Midwest ISO systems were also analyzed for impacts
on the Midwest ISO member’s systems. There is a huge
number of possible NERC Category C events and it is not
practical to analyze them all in any single study. NERC
Planning Standards allow Category C analysis to focus
on the most severe events. Midwest ISO requested that its
members draw on their past studies and system knowledge
to provide the severe Category C events. Those events
were analyzed in this study. Midwest ISO expects that
the selection of contingencies to be studied in any one
MTEP will vary, so that over several MTEP studies, all
areas of the system will be thoroughly tested. Midwest
ISO also expects to add additional contingencies as we
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move forward based on our own operating and planning
experience. In addition, Midwest ISO staff performed
independent screening analyses of multiple element outage
events to help identify areas potentially vulnerable to
voltage instability. Approximately 140 NERC Category B
and C events were specified and studied with dynamic
stability simulations. The contingencies studied by each
RSG are summarized below.

ECAR Region Contingencies

The ECAR RSG analyzed NERC category B
events (single element) and the following types of NERC
Category C events: double circuit tower outages (C5, ECAR
Type 4), two independent single contingencies involving
multiple terminal lines (C3, ECAR Type 5), automated
double contingencies 200-kV and above (C3), and double
contingencies which share a common bus at 138-kV
level on METC system. Automated single contingencies
(Category B) 100-kV and above were analyzed. ECAR
region non-Midwest ISO member contingencies were
included in automated contingency analysis. Dynamics
simulations for 49 disturbances were performed.

MAIN Region Contingencies

The MAIN RSG analyzed NERC category B
events (single element) and the following types of NERC
Category C events: double circuit tower outages (C5) and
selected breaker failures. The category B contingencies
supplied by the RSG members were mostly those involving
the outage of multi-terminal lines and multi-segment line
outages. Automated single contingencies (Category B) 100-
kV and above were analyzed. Non-Midwest ISO members,
ComEd and MidAmerican, provided contingencies.
Dynamics simulations of 15 disturbances were analyzed.

MAPP Region Contingencies

The MAPP RSG analyzed NERC category B
events (single element) and the following types of NERC
Category C events: double circuit tower outages (C5) and
selected two independent single contingencies (C3), circuit
breaker failures, bus faults for SGL and 3-phase with
normal clearing or delayed clearing (stuck breakers), and
bipolar block for DC lines. Automated single contingencies
(Category B) 100-kV and above were analyzed. MAPP
region non-Midwest ISO member contingencies were
included in automated contingency analysis. Dynamics
simulations of 63 disturbances were analyzed.
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NERC Planning Standards allow for manual system
adjustment and load shedding if necessary for Category C
events. Because the contingency files typically contain
the Category C forced outage event only, and not the
allowable associated manual adjustments and/or load
shedding, it may not be appropriate to say the Category C
event is a criteria violation when flagged in this analysis.
Therefore, in this report the results of Category C events
that are outside the limit boundaries that were set are
flagged as criteria exceptions, until the event can be
analyzed according to NERC Planning Standards
considering all input parameters. For example, a NERC
Category C3 event is a single contingency, followed
by operator adjustments, followed by another single
contingency. The event is not modeled with operator
actions in the contingency files and an overload is flagged
in the analysis. However, with appropriate operator
action after the first event, the overload would not occur
after the second contingency occurs. That is why initial
Category C event results were called criteria exceptions.

5.2.3 Monitored Elements

All system elements 100-kV and above within
the Midwest ISO study regions as well as tie lines
to neighboring systems were monitored. Some non-
Midwest ISO member systems were monitored if they
were within the Midwest ISO study region.
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5.3 Baseline Reliability Study Process

5.3.1 Study Working Groups

To facilitate the Baseline Reliability Study, the
Midwest ISO was divided into three Regional Study Groups
(RSG). The regions selected used existing NERC regional
reliability councils of Mid-Continent Area Power Pool
(MAPP), Mid-America Interconnected Network (MAIN),
and East Central Area Reliability Council (ECAR) to take
advantage of existing working relationships and familiarity
with regional criteria. A Midwest ISO Staff member was
assigned to be the Lead for each RSG.

The RSG’s were the primary work group which
facilitated the technical studies. The RSG’s documented
the study criteria and defined study methodologies;
reviewed and updated models; produced contingency
and monitored element files; and were the first to review
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Baseline Reliability Study Process Flowchart

the results produced by Midwest ISO Staff. Note that
transmission planning studies were conducted using an
iterative process. If there was an issue with some of the
results, the appropriate study input was corrected and
analysis rerun.

The Expansion Planning Working Group (EPWG)
facilitated the study process by providing input on
the scope of work and methodology. If the RSG’s had
concerns they were brought to the EPWG for feedback and
recommendations. The EPWG was also given periodic
status reports on the study.

The flowchart below shows the iterative nature of
transmission planning studies and how the RSG is a key
part of the Baseline Reliability Study process.
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5.3.2 Baseline Study Process and Methodology

This section describes how the various tasks in this study were accomplished.

5.3.2.1 Steady-State Powerflow Analysis

The Study evaluated the thermal loadings of lines
and transformers and bus voltages for the system above
the 100 kV voltage level in the Midwest ISO including tie
lines under both pre-contingency and post-contingency
system conditions. The Study was conducted on 2009
summer peak cases using ShawPTI’s PSS / E and MUST
digital simulation programs. Although the primary focus
of the study was on the future 2009 system performance,
the 2004 summer peak condition was analyzed in Phase 1
as a reference point. The steady-state power analysis
included the following tasks:

Phase 1

* Evaluate and document system intact (Category A)
branch thermal loading and bus voltage limitations
according to the local Transmission Owner (TO)
flagging criteria.

* Evaluate and document contingent (Categories
B and C) branch thermal loading and bus voltage
limitations according to the local Transmission
Owner (TO) flagging criteria.

Phase 2

* Map all system issues identified in Phase 1 to the
Planned and Proposed facilities in Appendix A.

* Develop proposals (system upgrades) as necessary
for Phase 1 issues without an identified Planned
or Proposed solution in Appendix A or operating
procedure.

* After all required proposals are developed, prepare
a comprehensive list of all planned and proposed
facilities (previous Appendix A plus any new
projects).

* Create a Phase 2 powerflow base case with all
Planned and Proposed facilities.

* Run contingency analysis to verify that all Planned
and Proposed transmission system upgrades satisfy
planning criteria. The end result of Phase 2 should
be without planning criteria violations.

* Ifissues persist or Reliability Plan results in new
issues, develop additional proposed upgrades or
operating procedures as necessary.

* Analyze NERC Category C event exceptions
to determine if event is a violation after allowed
operator action has been taken. A system upgrade
may be proposed if desirable to address the
Category C issue. Document how Category C events
will be addressed.

* Document all system upgrades and operating
procedures which are necessary for reliable system
performance.

In the past, review of operating procedures
used to mitigate Category C events was not done in
long-term planning study, but was done in short-term
operating studies. However, it is beneficial to consider
whether Category C events may merit transmission
system upgrades by examining the effectiveness of the
operating guides in the long-term. The next section
discusses the Category C event cascade screening
which is another part of reviewing of Category C events
in the planning process.



M I S 0 MTEP 05 wmidwest ISO Transmission Expansion Plan 2005

Section Five: Overview of the MTEP 05 Study 59

5.3.2.2 Category C Event Cascade Screening

NERC Planning Standards require that Category C
events do not exceed applicable ratings or result in
uncontrolled cascading outages. Therefore, this Study
screened the Category C events which resulted in
criteria exceptions to determine if the event may be a
criteria violation and warrant additional analysis. NERC
Planning Standards do not provide an objective definition
for cascading. Therefore, the desired outcome of the
screening was to identify the approximate amount of
MW of load which would be shed and/ or the number
of additional lines which would trip because of the event,
to indicate cascading potential. The following screening
procedure / guidelines were used:

i. Run Category C contingencies with all planned and
proposed facilities modeled. Determine if issues
remain and if voltages are below under-voltage load
shed (UVLS) relay set points.

ii. Individually run contingencies with appropriate UVLS
substation loads removed (status 0) from case. If
branch loadings exceed Post-contingent Branch
Tripping Guidelines (see section vii below), remove
them from service and rerun the case. Repeat as
necessary. Document the branches tripped (in
addition to the Category C event) and the amount of
load that is shed because of these trips.

Vi.

Vii.

If initial load shedding does not address the issue
or if the event appears to be cascading, develop an
operating procedure or system upgrade.

Run contingency with proposed operating procedure
(generation re-dispatch, system reconfiguration,
planned load shedding). Local re-dispatch or system
swing re-dispatch may be used as appropriate.

Determine if the post-operating voltages and branch
loadings are within applicable ratings. Divergent
case solutions may indicate cascading potential.

If criteria violations persist, modify procedure and
try again.

Post-Contingent Branch Tripping Guidelines:
These tripping guidelines were to be used as

a proxy for determining cascading outages.

As Midwest ISO’s members’ systems were
developed using different design standards, a
common tripping proxy was not recommended.
TO’s were asked to provide input to determine
if a wider area tripping proxy for transmission
lines and transformers could be developed. A
consensus was not reached by the EPWG
participants. Consequently, Midwest ISO used
TO provided tripping proxy to analyze possible
cascading for that TO. If the TO did not respond
to the tripping proxy survey, a default tripping
proxy was used.

«  The default transmission line tripping proxy was

100 % of emergency rating.

« Large Power Transformers tripping proxy. The

default large power transformer tripping proxy
is 100 % of emergency rating.

e Overhead transmission lines respond in a

predictable manner to a contingent increase
in current, assuming the line is conductor
limited and not equipment limited. Pre-
contingent and post-contingent flows can

be used to determine a response time to
reach the TO specified applicable rating. If
the response time to reach the TO specified
applicable rating is less than the time
required for manual operator intervention, it
is assumed that the line will trip. The table
below gives a sample of response times for
DRAKE conductor to reach its emergency
rating (assumed to be 110 percent normal)
from a given pre-contingent initial flow to
the specified post-contingent flow on a 104F
degree summer day. An overhead response
time may be used. The default is no overhead
conductor response time is used.
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Table 5.3-1: Overhead Conductor
Response Times to Percent of Normal
Initial Flow Post-Con. Time

Percent Normal Percent Normal Minutes

50 110 18

60 110 17

70 110 15

80 110 11

90 110 6

50 130 9

60 130 8

70 130 6

80 130 5

90 130 2

If an event appears to result in cascading outages
or exceeds applicable ratings, then a special protection
scheme (SPS) may need to be implemented or a system
upgrade proposed. Because this was a fast screening
of cascading potential, any event which appears to be
cascading should be reviewed using line specific tripping
values which require a thorough review of design
parameters and rights-of-way.
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5.3.2.3 Dynamic Stability Analysis

The Study evaluated numerous system disturbances
using ShawPTI’s PSS / E Dynamics program. The dynamic
simulations were performed on the Phase 1 summer peak
models which contained Planned system upgrades. The
dynamic stability analysis included the following activities:

* Create or modify channel definition, monitoring
specification and fault definition files as necessary.

* Convert stability powerflow model to MAPP
NMORWG User Interface Package compatibility
(MAPP study region only).

* Create dynamic snapshots; compile user models and
dynamic files for 2004, and 2009 summer peak base
cases.

* Perform a steady state simulation analysis for 20
seconds with no disturbance and analyze voltage
and transient voltage limitations according to the
local Transmission Owner (TO) criteria for pre-
disturbance.

* Perform fault scenarios including disturbances that
conform to the NERC Planning Standards Table 1A
Category B, C and D (monitor only) fault definitions.
Evaluate voltage instability and transient limitations
according to the local Transmission Owner (TO)
criteria for post-disturbance.

5.3.2.4 Load Deliverability

Midwest I[SO performed a Load Deliverability study
for the 2004 and 2009 years. This study analyzed whether
Midwest ISO areas have sufficient import capabilities to
meet the industry criteria of 1 day in 10 year (0.1 day
per year Loss Of Load Probability). Both the import
capability needed to meet the reliability criteria and the
actual import levels in 2004 and 2009 for all LOLE zones
in this stu