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Q1.

Q2.

I. INTRODUCTION

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS.
My name is Douglas C. Collins. My business address is 6750 Chavenelle Road,

Dubuque, lowa 52002.

BY WHOM ARE YOU PRESENTLY EMPLOYED AND IN WHAT CAPACITY?
I am employed by ITC Holdings Corp. (“JTC”) as President of ITC Midwest LLC
(“ITCMW”), a wholly-owned subsidiary of ITC. I also hold the position of Vice
President with ITC. In this position, I report directly to Linda Blair, Executive Vice
President and Chief Business Officer. As President of ITCMW, I am ultimately
responsible for the success of ITCMW in meeting the expectations of our utility
customers and regulators. As such, I spend a great deal of timé interacting with
ITCMW’s customers, regulators, and (to some extent) large industrial customers that
interconnect at a transmission voltage. I also spend much of my time in Cedar Rapids,
Iowa at ITCMW’s headquarters, interacting with the ITCMW project management,
design, real estate, and legal staff. I also travel to Des Moines, Jowa and St. Paul,
Minnesota quite often to meet with our regulators and other state government officials, as

well as coordinate with our regulatory staff in these locations.




10

11

12

13

14

15

i6

17

18

19

20

21

22

ITC Midsouth LLC
Direct Testimony of Douglas C, Collins
PSC File No, EO-2013-03%6

Q3.

Q4.

WHAT IS YOUR EDUCATIONAL BACKGROUND?
I received a Bachelor of Science degree in Electrical Engineering from Jowa State

University in 1983.

PLEASE DESCRIBE YOUR PROFESSIONAL EXPERIENCE,

Prior to joining ITCMW, first as Executive Director and then as President, I was
employed by Alliant Energy Corporate Services, Inc. (“AECS”), a service company
subsidiary of Alliant Energy Corporation (“Alliant Energy”), as Director of System
Planning. In that position, most of my time was spent working for Alliant Energy's
wholly-owned utility subsidiaries, Interstatc Power and Light Company (“IPL”) and
Wisconsin Power and Light Company. In my role as Director of System Planning at
AECS, I represented Alliant Encrgy in connection with several regional industry groups,
including the Minnesota/Wisconsin Power Supplier Group, the Mid-Continent Area
Power Pool (“MAPP”) Engineering Committee, the MAPP Transmission Studies
Working Group, the MAPP Regional Transmission Commitiee, and the North American
Electric Reliability Corporation (“NERC”) Planning Reliability Model Task Force. I am
also past Chairman of the MAPP Regional Transmission Committee. I have served as
Chairman of the Midwest Independent Transmission System Operator, Inc. (“MISO”)
Transmission Owners Committee, Vice Chairman of the MISO Advisory Committee, and

Vice Chairman of the Mid-America Incorporated Network, Inc. Planning Committee.




10

11

12

13

14

15

16

17

18

19

20

21

ITC Midsouth LLC
Direct Testimony of Douglas C. Collins
PSC File No. E0-2013-0396

Q5.

A.

Q6.

HAVE YOU TESTIFIED IN PRIOR PROCEEDINGS?

Yes, I have testified before the Iowa Utilities Board (“IUB*), the Public Service
Commission of Wisconsin, the Minnesota Public Utilities Commission (“MPUC™), the
Illinois Commerce Commission, and the Federal Energy Regulatory Commission
(“FERC?”) on issues relating to transmission planning (both on a regional and state basis),
transmission reliability, transmission constraints, and federal policy regarding
transmi@ion development and divestitbre.

Additionally, I am testifying in Texas, Louisiana, New Orleans, Arkansas, and

Mississippi regarding the transaction that is the subject of this proceeding,

WERE YOU INVOLVED IN THE SALE OF IPL’S TRANSMISSION ASSETS TO
ITC MIDWEST IN 2667 (“IPL TRANSACTION") AS PART OF YOUR WORK AT
IPL?

Yes. 1 was significantly involved with the IPL Transaction. I worked on the Asset Sale
Agreement, the Distribution Transmission Interconnection Agreement, and the Large
Generator Interconnection Agreement, I also served as a witness in state regulatory
proceedings in lowa, Minnesota, and Illinois, After all regulatory approvals were
received and the IPL Transaction closed in December 2007, I began employment with
ITC as Executive Director of ITCMW, In 2010, my title was changed to President of
ITCMW., Having worked with transmission system planning on both sides of the IPL

Transaction, I can speak to changes brought about by ITCMW’s approach to maintaining,
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Q7.

Q8.

operating, and expanding the transmission system over the last four years and the benefit

ITC’s “best in class” practices have brought to customers served on the ITCMW system.

ARE YOU SPONSORING ANY EXHIBITS IN THE FILING?
Yes. Iam sponsoring the foliowing Exhibits:
Exhibit DCC-1: ITCMW State of the System Report, December 7, 2008 (“Report™)

Exhibit DCC-2: Storm Damage and Restoration Pictures from July 2011 Straight-line
Wind Storm

Exhibit DCC-3: Midwest ISO (2006-09) Eastern Jowa Transmission Reliability Study
(“Eastern Iowa Study™)

II. PURPOSE OF TESTIMONY

WHAT IS THE PURPOSE OF YOUR TESTIMONY?

On December 4, 2011, Entergy Corporation and ITC entered into agreements under
which Entergy will separate and then merge the electric transmission businesses of the
Entergy Operating Companies! into ITC. I will generally refer to this separation and
merger collectively as the “ITC Transaction” or “Transaction.” My direct testimony
supports the Joint Application by providing a real world example of what ITC, as an
independent transmission company with available resources and a singular focus, can
achieve in a relatively short period of time with regard to enhancing system performance

and making needed investment. While the other ITC witnesses in this proceeding

1

The Entergy Operating Companies are Entergy Arkansas ("EAI"), Inc., Entergy Louisiana, LLC (“ELL"),

Entergy Guif States Lovisiana, L.L.C. (“"EGSL”), Entergy Mississippi, Inc., Entergy New Orleans, Inc., and Entergy
Texas, Inc.,
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Q9.

describe how ITC operates and the benefits that will accrue if the ITC Transaction is
approved, my testimony demonstrates how ITC’s philosophy, resources, and singular
focus on transmission have benefited ITCMW’s - customers since the company was
formed and how ITCMW diligently works to meet the commitments made to the
jurisdictions it serves. Specifically, my testimony describes the work that has been done
to-date to improve, rebuild, and expand the IPL transmission system acquired by ITC in
December 2007 and the benefits customers are beginning to see as a result of this work
towards operational excellence. My testimony supports the public interest determination
to be made in this proceeding by the Missouri Public Service Commission, because it
demonstrates that ITC follows through on the commitments it makes to the jurisdictions
it serves, is responsive to the transmission wants and policy objectives of its jurisdictions,
and is successful in meeting those objectives, including improving system reliability and
efficiency through proactive maintenance and investment focused on lowering energy

costs through removal of transmission constraints.

HI. SUMMARY OF TESTIMONY

PLEASE SUMMARIZE YOUR TESTIMONY.

For the last four years, ITC has worked to improve the former IPL transmission system
through proactive maintenance and focused investment. ITC has been successful in
improving the operations of the ITCMW system, as evidenced by decreasing sustained
and momentary outages on the system. Although work remains to be done, the

experience at ITCMW demonsirates that ITC has the skills, expertise, and capital to

5
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properly maintain and operate EAl’s transmission facilities and to enhance them through

cost-effective and focused investment for the benefit of customers. My testimony speaks

to the many improvements ITC has made to the ITCMW transmission system in a very

short period of time, and ITCMW’s dedication to the capital investment commitments

made to the jurisdictions during the hearings held on the IPL Transaction. Notably, since

close of the IPL Transaction, ITCMW has:

1)

2)

3)

4)

reduced sustained outages from those experienced in 2008 (the last year IPL
operated and maintained the system?) by 50% in 2009, 24% in 2010, and 58% in
2011,

implemented proactive maintenance and vegetation management programs which,
over the last three years — 2009, 2010, and 2011 — corrected over 8,700 structural
violations on its transmission system. In addition, ITCMW managed the
vegetation (i.e., trimmed or removed trees and other vegetation that could
potentially interfere with its transmission lines) on 37% of the system in 2009,
34% of the system in 2010, and 37% in 2011;

achieved top decile performance in 2011 for momentary outages on its 115 kV
and 161 kV systems according to the SGS Statistical Services Transmission
Reliability Benchmarking Study (“SGS Study™);

experienced no momentary outages on its 345 kV facilities during 2011;

2 Under the Transition Services Agreement entered into between ITCMW and IPL at the time the Transaction
closed, IPL agreed to continue to operate and maintain the system for one year following close, allowing ITCMW
time to get crews in place.
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5)

6)

7

8)

9

10)

achieved the second quartile for average circuit outage duration, achieving an
average circuit outage duration of 116 minutes, compared to an average of 202
minutes for its peers;

invested approximately $891 million from December 2007 through March 2012‘,
to improve the ITCMW transmission system by upgrading and improving existing
lines and substations, constructing new lines to serve load growth, improve
reliability, lower energy costs, and provide interconnection for new load and
generation;

completed 32 major substation upgrades and expansions, rebuilt approximately
400 miles of existing lines (most at a higher capacity), and replaced three major
transformers;

completed construction of 26 new substations, 26 miles of new line, and added
four major transformers;

started construction on a 345 kV transmission line that is expected to reduce
annual load and production costs by approximately $108 million at a total
estimated cost for the line of $123 million; and

completed 16 new generator interconnects in four years, adding approximately

2,200 megawatts of renewable energy production capacity to the grid.

Q10. BASED ON YOUR EXPERIENCE WITH THE IPL TRANSACTION, DOES ITC

HAVE THE TECHNICAL ABILITY, FINANCIAL STRENGTH, AND
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Q11.

Q12.

SUFFICIENT RESOURCES TO OWN, OPERATE, AND RELIABLY MAINTAIN
EAPS TRANSMISSION SYSTEM?

Yes. Ihave observed ITCMW implement operations and maintenance practices that have
improved reliability and enhanced storm restoration efforts. ITCMW has also carried
throngh with its commitments to invest capital to improve reliability and reduce
congestion on the transmission system formeyrly owned by IPL. I believe that significant
benefits will accrue to the customers of the current EAI region if the Transaction is
approved. These benefits are detailed in the testimonies of ITC witnesses Messrs. Joseph

Welch, Jon Jipping, Cameron Bready, and Thomas Vitez.

IV. OVERVIEW OF IPL TRANSACTION AND SYSTEM

PLEASE PROVIDE A GENERAL OVERVIEW OF THE IPL TRANSACTION.

On January 18, 2007, IPL entered into an Asset Sale Agreement with ITCMW, a newly
formed subsidiary of I'TC, for the sale of IPL’s transmission assets in Iowa, Minnesota,
Ilinois, and Missouri. The IPL Transaction included all transmission assets on the IPL
system that were 34.5 kV and above. Regulatory approvals for the IPL Transaction were
obtained from the state regulatory commissions in Iowa, Minnesota, Iilinois, and

Missouri, as well as FERC and the Department of Justice.

PLEASE DESCRIBE THE ITCMW SYSTEM.
The ITCMW transmission system is located in parts of Towa, Minnesota, Llinois, and

Missouri and covers approximately 53,400 square miles of service territory. As of year-

8




10
11
12
13
14
15
16
17
18
19
20

21

ITC Midsouth LLC
Direct Testimony of Douglas C. Collins
PSC File No. EQ-2013-0396

end 2011, the ITCMW t{ransmission system consisted of approximately 6,600 miles of
transmission lines including approximately:

e 376 miles of 345 kV lines;

1,540 miles of 161 kV lines;

323 miles of 115 kV lines;

2,695 miles of 69 kV lines; and

1,670 miles of 34,5 kV lines.

In addition to its line miles of transmission, ITCMW also owns 261 substations.

Q13. WHAT WAS THE CONDITION OF THE IPL. TRANSMISSION SYSTEM AT
THE TIME OF THE IPL TRANSACTION?

A. The IPL transmission system at the time of the IPL Transaction was in significant need of
additional maintenance and investment, The poor condition of the IPL transmission
system at the time of the IPL Transaction is evidenced by the State of the System Report
included as Exhibit DCC-1. This report was completed by ITC within the first year of

close of the IPL Transaction.

Ql14. WHAT ARE THE HIGHLIGHTS OF THE REPORT?
A, The following summarizes the Report’s findings and conclusions made in the course of
auditing and investigating the IPL transmission system shortly after the IPL Transaction

closed:
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Aging Infrastructure: The Report found that the IPL transmission system was an

aged system that was in need of immediate, thorough, and proper maintenance in
order to fulfill ITCMW’s commitment to improve reliability. The system
required infrastructure replacements due to assets being at, or near, the end of

their useful life.

Renewable Energy: The Report found that the IPL transmission system was not
adequate to integrate proposed new renewable generation.

Congestion: The Report found that portions of the transmission sysiem required
upgrade and that new lines needed to be built to reduce the present constraints,
Outages: The Report concluded that, since acquiring the system and tracking its
performance, ITCMW had experienced a high number of transmission outages on .
the system, which impacted customers and must be addressed.

Targeted Remedial Measures: The Report also concluded that maintenance

practices applied to the transmission system needed to be fully executed,
enhanced, and accelerated in certain areas. Further, the Report found that
ITCMW would need to address particular problem areas in the previous
stewardship of the transmission system including:

1} backlogs in corrective maintenance;

2) backlogs in implementing appropriate vegetation management;

3) environmental management deficiencies;

4) implementation of an asset security and cyber security program that complies

with best practices; and
10
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Q15,

Q1a.

5) deficiencies in the 34.5 kV network, which were recognized as being in need
of rebuilding (including new poles and wires) for improved reliability and
overall enhanced system capability.

ITCMW also found that, although maintenance was planned by IPL, it was often not fully

implemented and executed.

AT THE TIME OF THE TRANSACTION, DID IPL BELONG TO MISO?
Yes. As a fully integrated utility, IPL has belonged to MISO since MISO’s inception and
continues to belong to MISO in its changed structure as a generation and distribution

company.

DID THE IPL TRANSACTION PROVIDE ADDITIONAL BENEFITS TO THE
SYSTEM BEYOND THOSE REALIZED THROUGH MISO MEMBERSHIP?

Yes, as my testimony demonstrates, ITCMW’s proactive and preventive maintenance
practices, outage cause analysis (which focuses on maintenance and replacement of aging
infrastructure on problem circuits), and investment in additional transmission capacity,
have improved the reliability performance of the acquired system. As evidenced by the
condition of the IPL. fransmission system at the time of IPL Transaction (see Exhibit

DCC-1), IPL’s membership in MISO did litile to ensure that IPLs transmission system

11
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Q17.

was adequately maintained and that needed investment was being made.? By focusing
solely on transmission and elngaging in best practices, ITCMW is working towards the
same performance excellence curtently enjoyed by ITC’s world-class transmission
operating subsidiaries in Michigan, namely International Transmission Company
(“ITCT”) and Michigan Electric Transmission Company LLC (“METC"”). Please refer to
the direct testimonies of ITC witnesses Messrs. Joseph Welch and Jon Jipping for more

information regarding ITCT and METC.

V WORKING TOWARDS OPERATIONAL EXCELLENCE

HAS ITCMW BEEN WORKING TOWARDS OPERATIONAL EXCELLENCE?

Yes. ITCMW has implemented proactive maintenance and vegetation management
programs which identify and correct problems on the system before they result in a
sustained outage. For example, over the last three years — 2009, 2010, and 2011 ~
ITCMW corrected over 8,700 probable violations on its transmission system as defined
in the fowa Electric Safety Code (Iowa Administrative Code 199 — Chapter 25). In
addition, ITCMW, based upon its three year vegetation management cycle, managed the
vegetation on 37% of the system in 2009, 34% of the system in 2010, and 37% in 2011.
Futther, ITCMW has aggressively labored to complete the work detailed in its annual

Operations and Maintenance Plan filed with the IUB each December preceding the year

3 MISO has no ability or charge to invest in transmission facilities or ensure existing facilities are adequately
maintained,

12
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Q18.

the plan is in effect. Although completion of the plan is not an IUB requirement,
ITCMW has (on average} been successful in completing 98% of the planned inspection
and maintenance work envisioned by its plans filed with the IUB for the years 2009,
2010, and 2011. The inspection and maintenance plans filed with the IUB are distinct
from the maintenance plans described by ITC witness Mr. Jon Jipping in that the plans
filed by ITCMW include the goal of correcting any probable violations within 90 days of
detection. As stated previously, 98% of the time ITCMW has achieved this self-imposed
deadline. This is the case regardiess of the number of damaging storms experienced and
restoration costs incurred by ITCMW in a particular year. In contrast, IPL consistently
completed only 30% of the planned maintenance and repair work envisioned by its filed

plans when it owned the transmission system. Due to ITCMW'’s singular focus on

_transmission, it has the resources available to insure the proper maintenance and

inspection of its transmission facilities even during years with significant storm activity.

HAVE OUTAGE RATES IMPROVED SINCE ITCMW ACQUIRED THE
SYSTEM?

Yes, through ITCMW’s proactive maintenance approach, as described in the direct
testimony of ITC witness Mr. Jon Jipping, ITCMW has reduced sustained outages from
2008 levels (the last year IPL operated and maintained the system under the Transition
Services Agreement with ITCMW) by 53% in 2009, 24% in 2010, and 58% in 2011.
Sustained outages increased in 2010 over 2009 levels due to severe weather in 2010
including:

13
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1) the highest number of thunderstorms observed since 1993;
2) amajor ice storm in January resulting in seven sustained outages;
3) six tornadoes on June 22 contributing to 30 outages for the month; and

4) six tornadoes on July 25 contributing to 22 outages for the month.

14
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Q19.

Q20.

WHAT OTHER ITC PRACTICES HAVE LED TO IMPROVED OUTAGE
PERFORMANCE ON THE ITCMW SYSTEM?

As described in the testimony of ITC witness M. Jon Jipping, ITC focuses its work plan
on the worst performing circuits and directs its resources to ecither maintaining or
rebuilding these circuits depending on the need. ITC tracks outages by circuit and
performs a monthly outage cause analysis of each sustained and momentary outage on
the system to prioritize rebuilds and identify problem circuits for inspection and possible
maintenance. These monthly outage cause analyses have been instromental in identifying
the poorest ‘performing circuits on the ITCMW system such that they can be more

thoroughly maintained or replaced, as needed.

HOW DOES ITCMW COMPARE TO ITCT AND METC IN QUTAGE
PERFORMANCE?

As discussed by ITC witness Mr. Jon Jipping, ITCMW is in the third quartile of outage
performance, compared to ITCT and METC, which have achieved the first quartile
outage performance in the SGS Study. The SGS Study defines outage performance as the
frequency of sustained outages per circnit in voltage classes 69 kV and above. For higher
voltage facilities, ITCMW'’s outage performance compares favorably with ITCT, METC,
and its peers. ITCMW’s 115 kV and 161 kV systems achieved top decile performance in
2011 for momentary outages (mnoving wp from top guartile in 2010). Further, ITCMW is

within the second quartile for average circuit outage duration, achieving an average

15
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Q21.

Q22.

circuit outage duration of 116 minutes compared to an average of 202 minutes for its
peers.  Finally, ITCMW’s 345 kV facilitics had no momentary outages during 2011
according to internal data collected. While there is room for further improvement of the
system’s reliability, ITCMW’s outage performance improved in 2011 and is on track for
further improvement in 2012 with only 16 sustained outages occurring in the first four
months of the year. 1 am confident as we continue to implement our proactive
maintenance plan, focus on vegetation management and rebuild the parts of our system
that are at end of life, outages will continue to decline as they have in systems owned and

operated by ITC for longer periods of time.

HAS ITCMW HAD MAJOR STORMS SINCE ACQUIRING THE SYSTEM?

Yes, several major storms have occurred since ITCMW acquired the system, beginning
with the storms that resulted in the summer flood of 2008 in Cedar Rapids and Iowa City
and continuing with ITCMW’s most recent significant storm, the straight-line wind storm
occuiring during the summer of 2011. Exhibit DCC-2 brovides pictures of the damage
caused by that wind storm in the summer of 2011, three days before ITCMW experienced

a historic peak on ifs system.

WHAT IS A STRAIGHT-LINE WIND STORM, AND WHAT DAMAGE DID THE
2011 STORM CAUSE?
A straight-line wind storm is similar to a tornado except that it pushes debris in the same

direction the wind is blowing. In contrast, tornado damage will scatter the debris in a

16
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Q23,

Q24.

variety of different directions because the winds of a tornado are rotating violently. In
July of 2011, ITCMW'’s system in east-central lowa experienced damage from winds

reported to be up to 130 miles per hour. According to the National Oceanic and

Atmospheric Association, this storm was the most widespread and damaging in east-

central Jowa since 1998. On ITCMW’s transmission system, the storm damaged or
destroyed over 300 siructures on nine 161 kV lines, two 69 kV lines, and twenty 34.5 kV

lines.

WHEN WAS SERVICE RESTORED TO ITCMW?’S CUSTOMERS?

By redirecting approximately 200 contractors from maintenance and new construction
work in Iowa, ITCMW restored service within 72 hours to all transmission customers
able to take power. ITCMW focused on transmission restoration, while IPL and the rural
electric cooperatives (“RECs”) in the area focused on distribution and end-use customer
issues, 1PL, the RECs, and ITCMW collaborated on field operations, supply chain and

management support to return customers to service as quickly as possibie.

WILL THIS PRACTICE OF COLLABORATION BE MODELED IF THE
TRANSACTION IS APPROVED?
Yes. 1TCMW’s collaboration with IPL and its REC and municipal utility customers

during storm response and restoration illustrates ITC’s commitment to work with its

17
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Q25,

customers to ensure that service is restored safely and in a timely manner. For the ITC
Transaction, it is my understanding that certain Entergy Transmission Business?
employees, facilities, and world-class practices in storm response will be transferred to
ITC. ITC’s successful practice of customer collaboration, along with the transfer and
adoption of the Entergy Operating Companies’ best in class restoration practices
performed by the same expert employees familiar with the facilities, will ensure that the

highest standards of storm response excellence are maintained.

IS ITCMW EFFECTIVE IN RESTORING THE SYSTEM AFTER A DAMAGING
STORM, AND WHAT FACTORS ACCOUNT FOR THIS EFFECTIVENESS?

Yes, ITCMW is very effective in restoring the system after damaging storms. Consistent
with ITC’s overarching philoso§l1y on storm restoration as discussed in the testimony of
ITC witness Mr. Jon Jipping, ITCMW’s number one priority is getting customers back on
line safely after a damaging storm. ITC’s supply chain is critical to ensuring all
materials, including steel structures and conductors, are on site whenever a storm results
in the need to restore the system. Several warchouses and pull-out sites across ITCMW’s
footprint provide replacement conductors and structures closer 1o the outage. ITCMW
also has specially designed, temporary -emergency structures available, as well as the

valuable assistance of our alliance suppliers.

4 The total transmission business of the Entergy Operating Companies including their
transmission assets, business practices, and employees that will become part of ITC.

18
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Q26.

A,

VI.

Q27.

WHAT COMPANIES SERVE AS ALLIANCE SUPPLIERS TO ITCMW?

Alliance suppliers include Hydaker-Wheatlake Powerline Supply (“Hydaker”), MJ
Electric and MYR Group. Use of alliance suppliers allows ITCMW to respond
efficiently to a storm event, lessening downtime. The alliance suppliers are abie to
quickly participate in recovery efforts because they are familiar with ITCMW’s safety
practices, operating requirements and procedures. For example, Hydaker manages a pole
yard serving the ITCMW system which has the ability to deliver poles to 90% of the
ITCMW region within four hours or less. ITC’s alliances effectively expand ITCMW'’s
available capital and equipment pool by reducing inventory needed to address major
storm events and thus mitigating storage costs, For more information on alliance

partnerships, please refer to the direct testimdny of ITC witness Mr. Jon Jipping.

COMMITMENT TO INVEST TO IMPROVE RELIABILITY AND REMOVE
TRANSMISSION CONGESTION

WAS ADDITIONAL TRANSMISSION INVESTMENT NECESSARY ON THE

ITCMW SYSTEM AT THE TIME OF THE IPL TRANSACTION?

Yes, it was, because no significant investment had been made in the IPL transmission
system for many years. While IPL had been able to maintain a minimally acceptable
level of reliability in the provision of its transmission service, its focus was not on its

transmission system. In fact, one of the primary benefits cited for the sale of the system
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Q28.

Q29,

to ITCMW was ITCMW'’s singular focus and commitment to the transmission system.
The Order in the IUB Docket approving the IPL Transaction states as follows:
One of the main driving forces in this docket is the need to build and
upgrade transmission in IPL’s service territory, No party to the
proceeding disputes the need for at least some additional transmission, and
IPL, indicated it will only build for reliability reasons, not to relicve
constraints that are not related to reliably serving IPL’s customers. (Order
in JUB Docket No. SPU-07-11, September 20, 2007, p. 38, “Order
Terminating Docket and Recommending Delineation of Transmission and
Local Distribution Facilities” (“IUB Order™)).
HOW MUCH CAPITAL HAS ITC INVESTED IN ITS ITCMW TRANSMISSION
SYSTEM SINCE THE SYSTEM WAS ACQUIRED FROM IPL?
From December 2007 through March of 2012, ITC has invested approximately $891
million to improve the ITCMW transmission system.  This investment has primarily
been needed to upgrade and improve existing lines and substations, construct new lines to

serve load growth and improve reliability, and provide interconnection for new load and

generation.

PLEASE DESCRIBE SOME OF THE WORK COMPLETED ON THE ITCMW
SYSTEM SINCE. THE CLOSE OF THE IPL TRANSACTION?

In its first four years of operation, ITCMW focused its work on rebuilding and increasing
the capacity on its transmission system to improve reliability, remove transmission
constraints, and facilitate access for new generation, To this end, ITCMW completed 32
major substation upgrades and expansions, rebuilt approximateljf 400 miles of existing

lines (most at a higher capacity), and replaced three major transformers. With regards to
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Q30.

new transmission facilities, ITCMW completed construction of 26 new substations, 26

miles of new line, and added four major transformers.

WHAT INVESTMENTS ARE CURRENTLY BEING MADE BY ITCMW TO

IMPROVE RELIABILITY AND REMOVE TRANSMISSION CONSTRAINTS?

Major projects under construction in the ITCMW territory include:

1y

2)

3)

4

3)

6)

upgrading 80 miles of 115 kV line to 161 kV from Cedar Rapids, Iowa to Boone,
Towa due to age and condition of the line and to satisfy the need for new transmission
capacity in the area (expected completion by year-end 2012);

constructing a new 11 mile 161 kV line Ioop in the core of Cedar Rapids, Jowa to
improve system reliability (expected completion by year-end 2012);

building 10 miles of new 161 kV iransmission line north of Cedar Rapids, Iowa, to
support new load in the area (expected completion in 2013);

consiructing a new 80 mile 345 kV line from Salem Substation to Hazleton
Substation to improve reliability in eastern Iowa and improve market efficiency by
reducing transmission constraints (expected completion in mid-year 2013);

rebuilding 28 miles of 161 kV line in Minnesota (at the same voltage) due to age and
condition of the existing line (expecied completion by year-end 2012); and

rebuilding 50 miles of 115 kV line to 161 kV from Marshalltown, Iowa to Iowa Falls,
Iowa due to age and condition of the line and to provide needed capacity for new

generation in the area (expected completion by year-end 2012).
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Q31.

Q32

Q33.

WHAT SPECIFIC INVESTMENT COMMITMENTS DID ITCMW MAKE TO
ITS MINNESOTA REGULATORS AS PART OF THE IPL, TRANSACTION?

As part of a Minnesota-jurisdictional Settlement approved by the MPUC in Docket No.
EG01-PA-07-540, ITCMW committed to constract specific projects intended to improve
the reliability and efficiency of the transmission system, relieve transmission constraints,
and lower the overall cost of delivered energy for end-use consumers. The first of these
projects was the rebuild of the Arnold-Vinton-Dysart-Washburn 161 kV line (“Arnold-
Vinton Rebuild”). ITCMW committed to re-conductor and rebuild this 47-mile line

within two years of closing the IPL Transaction (approximately December 31, 2009),

DID ITCMW MEET THIS COMMITMENT?
Yes. The Arnold-Vinton Rebuild was completed prior to the end of December 2009 and

is currently in service.

WHAT OTHER SPECIFIC INVESTMENT COMMITMENTS WERE MADE AS
PART OF THE SETTLEMENT?

ITCMW committed to use all commercially reasonable best efforts to construct the
Salem-Lore-Hazleton 345 kV line (“S-H” Line”) by the later of December 31, 2011, or
three years following the approval of the MISO Board of Directors, which occurred in

December 2008.
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Q34.

Q35.

Q36.

DID ITCMW MEET THIS COMMITMENT?

Yes, ITCMW used all commercially reasonable best efforts to complete the S-H Line,
which is cuirently under construction and anticipated to be in service by mid-2013. The
project completion has changed from the original schedule due to delays in receiving
required siting approvals from the state jurisdiction and court challenges related to

condemnation of a few select land parcels to acquire needed easement rights,

WHY IS THE COMMITMENT TO BUILD THE S-H LINE RELEVANT TO THIS
PROCEEDING?

The commitment to proceed with the construction of the S-H Line is significant, because
it demonstrates ITC’s willingness to invest the capital to build projects that have an
economic benefit for customers and to improve the reliability of the transmission systems

it owns.,

PLEASE DESCRIBE THE S-H LINE.

The proposed S-H Line is an approximately 80 mile 345 kV electric transmission line
designed to upgrade ITCMW'’s transmission system in eastern Iowa. When completed,
the S-H Line will connect ITCMW’s Hazleton Transmission Substation in Buchanan
County, Iowa to ITCMW’s Salem Transmission Substation in Dubuque County, Iowa.

The $-H Line was modeled in 2006 as a solution to transmission constraints in eastern
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Q37.

Iowa in MISO’s Eastern Iowa Study, included as Exhibit DCC-3. As explained in

Exhibit DCC-3, the need for the line was recognized for several years prior to 2006.

WHAT CAUSED THE CONSTRAINTS ON THE EASTERN IOWA SYSTEM
AND HOW DO THESE CONSTRAINTS AFFECT CUSTOMERS?

Signs of congestion on IPL’s eastern Jowa transmission system (now owned by ITCMW)
began around the year 2000 as more and more regional power sales became common
across the Midwest. The power flows associated with these sales often resulted in
congestion on IPL’s transmission lines. Prior to the start of the MISO market, this
congestion was addressed through NERC Transmission Loading Relief (“TLR")
procedures. These procedures curtailed transmission service for both power sales and
networked native load. From 2001 through the end of 2004, facilities within the IPL
control area experienced NERC TLR non-firm curtailments for over 5,000 combined
hours. Also, throughout this same period, firm curtaiiments occurred for over 200 hours.
The result of these curtailments was higher cost generation being dispatched to serve
load, ultimately resulting in higher costs to customers. Since the inception of the MISO
market, the TLR procedures (within the market} have largely been replaced with
classifying congested facilities as "binding," Binding constraints result in MISO
uneconomically re-dispatching generation to avoid the constraint, ultimately resulting in
higher costs to customers. As further evidence of the constraints on the eastern Iowa

transmission system, MISO’s Independent Market Monitor designated the area the S-H
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Q38.

Q39,

Line is designed to serve as a Narrowly Constrained Area (“NCA”) and FERC confirmed

this designation in 2007.

WHAT REDUCTIONS IN ANNUAL LOAD AND PRODUCTION COSTS WERE
MODELED FOR THE S-H LINE AS PART OF THE EASTERN IOWA STUDY?
The Eastern Iowa Study found that the construction of the S-H Line would reduce annual
load and production costs by approximately $108 million (See page 59 of the Eastern

Towa Study, Exhibit DCC-3). This annual cost reduction compares to a total estimated

cost of the line of $123 million. In addition, the construction of the S-H Line, plus
adding a second Salem 345/161 kV 448 transformer, addresses nearly all of the

constraints causing the NCA designation.

WAS THE S-H LINE ALSO APPROVED FOR CONSTRUCTION THROUGH
MISO’S MIDWEST TRANSMISSION EXPANSION PLAN (“MTEP”) PROCESS
AS DESCRIBED IN THE DIRECT TESTIMONY OF ITC WITNESS MR,
THOMAS VITEZ?

Yes. The S-H Line was included in Appendix A of the MTEPO8 Report which, by
definition, means that MISO has studied the project, evaluated alternatives to the project,
recommended the project to the MISO Board of Directors, and the project was approved

by the MISO Board of Directors for construction.
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Q40.

Q41.

GIVEN THE SIGNIFICANT ECONOMIC BENEFITS PROJECTED FROM
CONSTRUCTION OF THE S-H LINE AND THE RECOGNIZED RELIABILITY
NEED FOR THE LINE, WHY DID IPL NOT CONSTRUCT THE LINE?

Internal competition for investment capital within IPL prevented IPL from making the
significant investment needed to support the demands being placed on the transmission
system by market transactions, including the need for the S-H Line. IPL's focus was to
build transmission facilities to reliably serve its firm load and to meet applicable planning
standards, not to relieve constraints on the transmission system to lower energy costs
through more economic dispatch. That being said, I believe IPL would have ultimately
initiated the significant efforts needed to get the land use rights and siting approvals to
build the S-H Line, given the need and projected customer benefits resulting from its

construction.

WHAT INVESTMENT COMMITMENTS DID ITCMW MAKE TO THE IUB AS
PART OF THE IPL TRANSACTION?

ITCMW committed to the IUB, as part of the IPI. Transaction, that it would rebuild IPL’s
34.5 kV system to 69 kV standards within five to seven years from close, in comparison
to the sixty years projected under IPL's investment plan, After discussions with
ITCMW’s transmission service customers (comprised of municipal utilities, RECs, and
IPL), ITCMW proposed extending the rebuild schedule to 12 years to moderate the cost
impacts on those customers. This change was communicated to the TUB, which lagreed

the delay was in ITCMW’s customers’ best interest due to the significant investment
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Q42,

Q43.

ITCMW'’s customers must also make to upgrade their distribution substations to
interconnect to a 69 kV system and replace their distribution under-build, which resides

on many of ITCMW’s 34.5 kV facilities.

WHY IS THE TIMELY REBUILD OF THE 34.5 KV SYSTEM IN IOWA
DEEMED NECESSARY BY THE IUB?

At the time the TPL Transaction closed, the 34.5 kV system in lowa was in poor shape,
outdated and subject to frequent outages. Outages on the 34.5 KV system often lead to
end-use customer outages due to the radial nature of the facilities,> In addition, lack of
compatible equipment makes 34.5 kV facilities, including conduciors and transformers,
difficult fo maintain. Further, most of the 34.5 kV facilities in Iowa do not have a static

wire, making them vulnerable to lightning strikes.

WHAT BENEFITS RESULT FROM CONVERTING A 34.5 KV TRANSMISSION
SYSTEM TO A 69 KV TRANSMISSION SYSTEM?

A 69 kV operated system can be designed and operated as a networked system limiting
customer outages and providing timely backup service to communities during planned
and unplanned outages. Further, an upgraded 69 kV line includes a staiic wire providing

protection against lighining-related outages.  In addition, a 69 kV system promoies

5

A radial line is one that is capable of carrying power in only one direction, similar to a one-way street.
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Q4.

Q45,

Iowa’s alternative fuels industry by enabling the interconnection of significant energy
users (such as ethanol and biodiesel plants) which often over-burden the existing 34.5 kV
system. From a public policy perspective, the 34.5 kV system scrves rural areas that are
economically disadvantaged and slow to recover from economic downturns. As such, the

upgrade of the sysiem has been deemed an economic development too! for rural lowa.

HOW DID ITCMW’S CUSTOMERS BENEFIT FROM EXTENDING THE
REBUILD SCHEDULE TO TWELVE YEARS?

ITCMW was ready, willing, and able to meet a five to seven-year rebuild schedule as
committed to the IUB. Subsequent to the closing of the IPL Transaction, however,
ITCMW discovered, through various planning studies and customer coordination, that an
extension in the schedule would give customers an opportunity to budget for and convert
their substations to accommodate a 69 kV system as the system was being rebuilt.
Rebuilding with voltage conversions enables the 34.5 kV system in Iowa to be redesigned
allowing the retirement of more 34.5 kV lines than is possible under the in-place upgrade
envisioned during the IPL Transaction, ultimately saving customers an estimated $93
million (in 2007 dollars) for capital investment that would_ haQe otherwise been included
in ITCMW'’s rate base. The TUB agreed that the cost advantage of a twelve year upgrade

schedule outweighed the benefits of the earlier committed schedule of five to seven years.

WHAT PROGRESS HAS ITCMW MADE IN MEETING THIS COMMITMENT?
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A.

Q4.

Q47.

ITCMW is on course with its customers to get the system rebuilt in 12 years from the

time the IPL Transaction ¢losed in December 2007,

VII. SUCCESS IN INTERCONNECTING NEW GENERATION

ITC WITNESS MR, THOMAS VITEZ’S TESTIMONY SPEAKS TO ITC’S
PLANNING APPROACH TO INTERCONNECTING NEW GENERATION, HAS
ITCMW BEEN SUCCESSFUL IN INTERCONNECTING NEW GENERATION
TO THE TRANSMISSION GRID?

Yes. In its first four years of operation, ITCMW completed 16 new generator
interconnects, adding approximately 2,200 MW of renewable energy production capacity
to the grid. This additional capacity is more than the total installed rencwable capacity

existing in lowa in 2007 prior to closing the IPL Transaction,

IS RENEWABLE ENERGY IMPORTANT TO THE JURISDICTIONS WHICH
ITCMW SERVES? |

Yes. Renewable energy is important fo economic development in the jurisdictions in the
ITCMW territory. Transmission capacity is the most significant limiting factor in
providing an outlet for additional renewable generation in Jowa and Minnesota.
According to the fowa Wind Energy Association, the wind industry in Iowa currently
employs at least 3,000 full-time workers in the manufacture, operation and maintenance
of wind turbines, with an estimated annual payroll of $70 million. Because transmission

plays a critical role in the advancement of renewable energy, ITCMW has been
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Q48.

Q49,

responsive to the policies of its jurisdictions by entering into several interconnection
agreements with wind developers, most of which have resulted in ITCMW constructing

needed upgrades to the transmission system.

DOES ITC FAVOR RENEWABLE ENERGY OVER OTHER FORMS OF
ELECTRICITY GENERATION?

No. ITC is neutral towards electricity generation sources and will work diligently to
satisfy any interconnection requests. To date, only renewable generators have requested
interconnection on ITCMW'’s system. However, the policies of the jurisdictions in the
ITCMW footprint are very focused on advancing renewable energy for economic

development purposes.

VIIL. INTERACTING WITH CUSTOMERS AND COMMUNITIES

ITC WITNESSES MESSRS. JOSEPH WELCH, JON JIPPING, AND THOMAS
VITEZ SPEAK TO ITC’S COMMITMENT TO TRANSPARENCY AND
WORKING WITH CUSTOMERS TO ENSURE THE BEST TRANSMISSION
PROJECTS ARE PLLANNED, DESIGNED, AND CONSTRUCTED. HAS THIS
COMMITMENT BEEN REALIZED AT ITCMW?

Yes. JTCMW personnel have long-standing, close working relationships with the REC
and municipal utility customers we serve, in addition to IPL. A dedicated “Stakeholder
Relations” group serves as a single point of contact for RECs, municipal utilities, and

IPL. This group performs a number of functions including:
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1)

2)

3)

4)

5)

providing timely communications for planned outages such that coordinated
maintenance can be accomplished;

providing ongoing and proactive communications on unplanned outages;
arranging for conference calls and meetings to address service issues or other
concerns that may arise;

tracking and bringing to resolution service issues or other concerns;

holding semi-annual “Partners in Business” (“PIB”) meetings to provide updates
on capital and maintenance plans, energy policy, rates, preparedness, capital
investment plans, and legislative and regulatory updates, At the antumn PIB
meetings, regulatory and accounting staff provides detail on the projected rate for
the following year including projected elements of rate base, O&M and A&G
expenses, taxes, load, and revenue credits, Please see the testimony of ITC
witness Mr. Thomas Wrenbeck for more information on how ITC projects
revenue requirements and sets rates on a forward-looking basis.

In addition, ITCMW’s Planning and Operations Departments hold frequent

meetings with the corresponding departments of their REC and investor-owned utility

customers to ensure strong communications and coordination in these areas. ITCMW

personnel, including myself, also meet on a quarterly basis with personnel at the Duane

Arnold Nuclear Center which is the only nuclear power plant connected to ITCMW’s

transmission facilities.
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Q50.

Q5l.

DO YOU PERSONALLY HAVE INVOLVEMENT WITH ITCMW’S
STAKEHOLDERS?

Yes. ITC’s Chief Operating Officer Jon Jipping, ITC’s Vice President of Operations Beth
Howell and 1 all meet quarterly with the Vice President of Operations for IPL. I also
meet more freguently with the IPL liaison to ITCMW, and have continual involvement
with Central lowa Power Cooperative, for which [ITCMW provides maintenance and
operational services. I personally attend the PIB méetings to talk to other ITCMW
stakeholders, and also speak to IPL's largest industrial customers at IPL's biannual
transmission stakeholder meetings. Additionally, I make myself available for meetings
with representatives of all the RECs and municipal customers we serve. These same
customers are always invited to participate in our biannual PIB meetings and often take

advantage of this opportunity.

WHAT ONGOING INTERACTION DOES ITCMW HAVE WITH STATE
REGULATORS?
While ITCMW is rate regulated by FERC, we maintain close working relationships with
the regulators in the states that we serve. ITCMW has dedicated regulatory personnel in
each jurisdiction responsible for ensuring;

I) ongoing communications on ITCMW activities and projects;

2) ongoing and proactive communications on industry issues;

3) an open communications path to address issues and concerns that may arise; and
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4) 100 percent compliance with the requirements of the jurisdictions, including

timely and accurate filings as required or requested.

Q52. DOES ITCMW SEEK TO ENHANCE THE ECONOMIC CONDITIONS IN THE
STATES AND COMMUNITIES IT SERVES?

A. Yes. ITCMW, like ITC’s other operating subsidiaries, works to promote the economy of
the states and communities in which it operates by recruiting qualified employees within
the state, contracting with local vendors when competitive, and actively participating in
community activities (both through employee time and donations). Key highlights of
ITCMW'’s economic impact and community involvement follow.

1) ITCMW currently employs more than 80 people in the ITCMW service area in
good paying jobs such as engineering. ITCMW’s primary field operations and
maintenance contractor employs approximately 180 field personnel across the
region.

2) ITCMW paid $6.8 million in property taxes in Iowa and Minnesota in 2011, and
is projected to pay approximately $7.4 million in 2012,

3) Due to its construction and maintenance programs, ITCMW purchases more than
$30 million in supplies and materials annually from more than 100 vendors in
Iowa and Minnesota. To date, eight vendors have set up operations in the

ITCMW service area — employing 258 people to serve ITCMW.
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4) ITCMW actively participates in community activities and has donated more than
$1 million to community organizations, contributing to the quality of life in those
communities.

5) ITCMW works with state regulatory, administrative and legislative leaders to help
implement regulatory outcomes and legislation that promote improved energy
reliability and efficiency.

6) ITCMW works with its utility-customers to build positive relationships with large
industrial customers interconnected to the transmission system through its
stakeholder relations group.

7y ITCMW works closely with state and local police, municipal officials, fire and
emergency preparedness personnel to establish training and communications in

the event of emergencies.

Q53. WITH REGARD TO THE PROPOSED ITC TRANSACTION, WHAT DOES
YOUR EXPERIENCE WITH ITCMW INDICATE TO YOU?

A, Based on my experience, upon completion of the Transaction, ITC’s Arkansas operating
company will adopt the same type of proactive, robust maintenance and investment
philosophy in the FAI footprint as was done with ITCMW to enhance reliability and

improve the economics of energy supply.

Q54. DOES THIS CONCLUDE YOUR PREPARED DIRECT TESTIMONY?
34
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A, Yes it does,
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350 Maple Street

Dies Moines, 1A 50319-0069

‘RE:  State of the System Report
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Dear Secretary Cooper:

In compliance with the requirements of the “Order Terminating Docke! and
Recommending Delineation of Transmission and Local Distribution Facilities” (Final Order)
issued in Docket No, SPU-07-11 on September 20, 2007, YT'C Midwest, LLC (ITC Midwest)
‘hereby sulnaits for filing areport entifled "Staie of the System Report® (Transmission Report),

On Decainber 20, 2007, ITC Midwest acquired the high-voliage electiic transmission
system formerly owned by Intersteie Powor and Light Company. The {ransaction was deemed
approved by the lowa Ulilities Board by operation of law shorily afler the issuance of the Final

Order. -

In secking approval of the transaction in Minnesota, ITC Midwest committed to perform
an analysis of he condifion of the transmission system and identify any related plans for
remedidl measures, and to submit & report on Nie resulls thereof to the Minnesota Public Utilities
Commaission. In the Finat Order, the Board essentially required that commitments for the benefit
of customers made by ITC Midwesl in other jurisdictions be exiended o Jowa customers as well,
The Transmission Repoit, which is alse being filed with the Minnesota Public Utilities
Commission this same day, is being filed in this docket 1o comply with that requirement,

Very truly yours,

ééiﬁp offregen
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I. EXECUTIVE SUMMARY

On December 20, 2007, ITC Midwest, LLC {ITC Midwesl") acquired the high-
voltage electric transmission system formerly owned by Alllant Energy's Interstate
Power and Light Company ("IPL"} operaling company. In seeking approval of the
transaction, ITC Midwes! commilled {fo perlorm an analysls of the condition of the
transmission system and identify any related plans for remadiat measures and fo submit
this analysis within iwelve months of the transaction’s closing. ITC Midwest is (urnishing
the following repaort to the Minnesote Public Utifiies Commission, the lowa Uiilities
Board and certain other patties In fulflilment of that commilment. The goal of this report
is to provide I7C Midwest's assassment of the condition. of its transmission system, ITC
Midwesl's assessment, in addition to fulfiling the commitments Identified above, also
provides a baseline from which iTC Midwest will base its future msintenance and capital
plans. The matlers discussed in the report below, including the discussion of pasi
praclices refated to malntalning the system, are encompassed in fhis report as a
necessary part of accurately assessing the currend condifion of the fransmission system
and relaled measuras neaded for going forwards, and for that purpose specifically,

A, Highfights:of Report Findings

The following points sum up ITC Midwest's findings and conclusions made in the
course of auditing and investigating the state of the transmission system In compliance
with and furtherance of the reporting requirements outlined above:

¢ Ading Infrastruclure: The transmission systemn is an aged system that
requires Immediate, thorough, and proper maintenance in order to fuffll
ITC Midwest's commitment fo improve reliabllity. The system requires
infrastructure replacements due fo assets being at or near end of thair
useful life.

s Renewable Energy: The existing system Is not'adequate to integrate naw
proposed renewable generation,

» Congestion: Portions of the ITC Midwest transmission system must be
upgraded and new fines huilt to reduce the present constraints.

»  Qutages’ Since acquiring the system and tracking its performance, ITC
Midwest has experlenced a high number of fransmission oulages on the
system, which impacl customers and must be addressed,




» Targeted Remedlal Measures: Maintanance praclices appiied to the
transnilssion system must be fully executed, enhanced, and accelerated in
cettain areas. The company also will need to address particular prablem
areas. Highlights of those problem areas are as follows:

1. Backlogs in corrective maintenance;
2. Backlogs in implementing appropriate vegetation management;

3. Environmental management deficiencles;

4. Implementatlon of an asset securily and cyber security program
thal complies with best practices.

5. Dsilclencies in the 34.6 kV network. These system facilities
have long been recognized as being In need of rebullding
{lncluding new poles and wires) for improved reliabllity and
overall enhanced system capability.

B.  Methodology and Sources

In analyzing the condlilon of the transmission system, ITC Midwest has relied on

various sources of information, including:

1.

2

Observalions and analysis of the actuaf performance of the fransmission system.

Physical inspeciions of equiptment,

Analytical reports -provided by third-pariles, Inciuding R.W, Beck and Black &
Vealch, as discussed bslow;

Expert operational and technical knowledge and analysis conducted by ITC

" Midwest personns! who have long experience working wilh the system,

Avallable historical maintenance records kept by IPL, as well as IPL's Cascade
mainienance data base ‘

Reviews of historical maintenance practices, provided in avallable records and as
reportad by former 1PL employees with knowledge of IPL maintenance pracices.




7. Transmission system assessments reports and plans.
C.  Assessment of System Baseline

Through Its invesligation and analysls, conducted in part fo meel the
-requirements of this report, ITC Midwest has determined that past maintenance
practices on the transmission system (Including routine maintenance and Inspection
programs} were planned, but may not have always been compielely executed or
implemented, This supposilien has been corroborated by the company thorough on-
the-ground audlt and Inspection of the physlcal stale of the systern, -as documented in
this raport.

Overall, when records are matched lo the physical state of the system, it is clear
thal malntenance ftems were often identified, but often were repaired only fo address
immediate system performance exigencies or as required by a regutatory agency, it
appears thal system maintenance was often undertaken based on a prioritized list of
identified exigent problems. Moereover, It also appears that this Jist was only attended to
subject to budget and resource fimitations, '

B, Action Plan

Based on the assessments contalned in this repor, ITC Midwest intends lo
change the historfc approach to maintenance of the system, ITC Midwest wil
concenirate ifs mainlenance program on preventative maintenance while also
systematically addressing (he identified problem areas to improve system refiability and
petformance. These changes will result in a more efiicient maintenance program ovar
lhe long term and reduge requirements for and costs of unplanned, reactive and
corrective maintenance adlivilies,

The remalnder of this repart is organized as follows:

o Part 1l provides an overview of ITC Midwest and its malntenance and

system planning principles;
¢ Part il sels oul a description of analyses performed on the conditions of

he transmission system, and the performance of the system;

¢ Parl IV gives a descriplion of hislurical maintenance praclices applied lo
the transmisslon system and ITC Midwest's planned maintenance
aclivities; and




& Parl V discusses ITC Midwest's review of the need for the addition of new
facllities {o be added fo the fransmission system.

IR ITC MIDWEST GVERVIEW:
MAINTENANCE AND SYSTEM PLANNNG PRINCIPLES

ITC Midwest was formed as a subsidlaty of ITC Holdings Corp. to acqulre the
high-voltage elsctric iransmission system formerly owned by IPL. Through the
transaction, ITC Midwest acquired approximately 6,800 miles of transmission lines, af
vollages of 34.5 kV and above, and approximately 208 transmission substations, as well
as cartain equipment inslafled at approximately 110 substatlons owned by nelghboting
ulilities. As & resulf, ITC Midwest connects .more than 700 communities in lowa,
southern iinnesota and northwest lllinois, an area of nearly 53,000 square miles.

ITC Midwest Is cuwenlly working fo complete the fransition to fake full
responsibility for maintenance, construction and operafional contro! of the former 1PL
transmisslon system, as well as 4niliating responsibility for planning and implementing

Improvements.

As noted fthroughout this repott, ITC Midwest's maintenance program, on a
going-forward basis, will seek {o reduce and efiminate as much reactive and unplannad
maintenance activily as possible. This approach not only results in the lzast number of *
system outages on the transmission system, but aiso dellvers high reliabiity, This
approach, which is consistent with alf applicable Industry standards, facilitates operation
of the Iransmission sysiem in .a "least vulnerable” state. Under this approsch, when
system elements must be taken out of service, culages can be planned for those times
when the system can reliably handle such system condllions. This alsc reduces ihe
impact on customers because unplanned outages and associdted costs are reduced. In
addition, a fully and properly malntained system has a resillency to abnormal system
snd environmental condiflons, such as typical or even ccoaslonally exireme weather
evenis. Finally, ITC Midwest wil concenirate on fulfllling its environmental, seculty,
public safely and communily presence responsiblifies. The company will sirive o take
care of its property and bulidings with the same level of care as it takes foward

stewardship of the transmission system.

From a system planning perspective, ITC Midwest annually performs
ransmission planning assessments thal meet or excead all North American Eleclric
Reliability Corporation {"NERC"} Planning Standard Requirements. These assessments
identify transmission upgrades required to malntain transmission securily and adequacy
over a minimum 1 to 10 year fime frame, In compliance with FERG Order No. 890 and




Altachment FF of the Midwest Independsni System Operator, Inc. ("MISOY)
Transmission and Energy Markets Tatiff ("TEMP), ITC Midwest submits all proposed
capital improvement projects to the MISO for stakehelder review and for approval by the
MISO board of directors through the MISO Transmission Expansion Plan (MTEP)
process. Changing loading palterns on the transnilssion systern, infrastructure
improvement and replacements, new generation, firm transmission usage, and market
fiows are all contribulors {o the on-golng need to evaluate transmission system
petformance, This on-going evaluation resulis in properly ldentifying the transmission
facitily Upgrades reguired to malntain and improve the transmission service ITG Midwest

provides. y

international Transmission Gompany ("ITCTransmission”) and Michigan Electric
Transmission Company LLC ("METC"), ITC Midwesl's affiliate companles in Michigan,
have a track record of employing similar malntenance programs, with posilive results.
In additien, as shown in the following slides, the lalest 8GS Siafistical Services
Transmission Rellabllity Benchmarking Sludy shows the Michigan ITC operaiing
companies, ITGTransmission and METC, are top parformers for reliabllity in three
important measures: Average Circult Outages — both Sustained and Momanlary — and
the Transmission Avallabilily Composile Score, ITC Midwest will Implement programs {o
ensure thal the same best practives achieved al Its Michigan affiliates are also adherad

fo and performed by ITC Midwest,
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. TRANSMISSION SYSTEM CONDITION EVALUATION
CRITERIA AND SYSTEM PERFORMANCE ASSESSMENT

A, Evaluation Criteria

In analyzing the state and condition of the fransmission systern, ITC Midwest
utilized several industry standard assessment criteria.

First, the performance of fhe system Is & key indicator of the system’s condition:
as the condiffon of the system deterlorates so Wil its performanue.  System
porformance can be analyzed through a review of outages, as well as the instances in
which reaclive or corrective malntenance (i.e., repaling broken equipment} was

required.

Second, physical inspecifons of equipment provide data on the physicat condition
of the assets. To help complete a review of the condition of the system, 1TC Midwest
also has been able to access the accumulated knowledge of employses with prior
extensive experience working on Its fransmission system.

Third, a review of historical maintenance practices enployed with respect o the
system, and avallable records of maintenance completed, Is impoitant to delermine to
what extent the existing eatlpment has been malntalned. ITC Midwest considered these
various sources of informalion in lts description of the overall condition of the

lransmission sysiem.
B.  System Performance Assessment

A fundamental measure of system performance Is outages. Reducing the
Incidence of outages Is especlally important on the ITC Midwest system bscause all
distribution load substations are directly connected to the transmission system:. The
vast majorily of the load Is connected fo 34.5 kV and 69 kV transmission lines, many of
which are operated in such a manner that this results In the loss of service fo an entire
community when a fine oulage ocours,

ITC Midwest has been recording momentary and sustained outages oh the
transmission system during calendar year 2008. The table below summarizes the
outages experienced through November 1, 2008, along with comparisons lo otllages
expetienced on iransmission systams ol [TC Midwes's affiiate iransmission

companies,




Company Sustained Qutages Momentary Qulages
ITCTransmission B 36

METC 36 73

ITC Midwest 295 1141

More speciifcally, the ITC Midwest 34.5 kV system recorded 837 -outages, of
which 156 were sustained and 681 were mementary type oulages. Addifionally there
were 599 cutages on the 69 kV and higher system, of which 139 ware sustained and
480 were momentary, While 60 to 70 percent of these momentary and sustained
outages are reported as related to weather, such categorization Is not refteble as there
has been no formal investigation procese for momentary outages, Available detalis on
the cause of the sustained outages show a substantial number are related fo vegetation
contact, A large percentage of the momentary outages are suspected fo ba dus to
vegetation contact as well, but as stated earlier, these outages have not baen formaly
invesligated. While weather may have been the inffiating event for many of these
outages, we believe that many of those may have been prevented through better

vegetafion management praclices:

According to records {ransferred to ITC Midwest, IPL recorded and investigated
causes for sustained outages on the 34.5 kV and 69 kv+ systems. Howavesr, white that
data provides some descriptions of outage causes, it does not ideniify specific fines or
‘plecas of aguipment involved In 1he fallure. More specific informalion would help in the
assessmen! of equipment conditfon frends. While the date has limlied value in
identifying Issues with parlictiar equipment, ll does indicate numerous outages on the
low-vollage transmission system historically. Sustained outage data on the higher
voltages does appsar to have been better documenied,

Unfottunately, IPL did not record or keep any records of momentary outages.
Without such baseline data, It Is not possible to fook at historic vulage trends over time
to determine if degrading system maintenance contributed to increasing Jevels of
momentary outages, Howsver, as noted above, the sheer level of ITC Midwest
momentary outages In 2008 {1141), as compared to ITCTransmission (36) and METC
(73) suggesis that, at least, furlher study arid analysls regarding momentary outages i

required.

ITC Midwest will be using the momentary and sustained outege information data
that ITC Midwest collected during 2008 as ils performance measure baseline. Thase
data will support and dictate the infliation and prioritization of certain maintenance and

capital system improvemenis going forward.




c, Physical inspections

{TC Midwest undertook andfor commissioned ‘three separate Inspection
pragrams 1o evatuale and detall the condition of the 1TC Midwest iransmission system.
As hoted below, the reviews were undertaken by: (1) 1TC Midwest; (2) RW Beck: and
(3) Black & Veatch, The company initiated. or commissloned each inspection program 1o
assess slightly different (yel, somewhat overfapping} aspects of the system. ITC
Midwest underfook an overall faciliies inspection in keeping with Its practices in
Michigan, RW Beck performed a dillgence repori for-the company’s use prior to its
purchase-of the system based oh an asset sampling, and Black & Veatch conducted a
system secunily assessment.

Aithough each of the three assessments was different in ls focus, each one
identified similar frends regarding the state of system mainfenance and equipment
conditions, The inspecilon programs and resultant reports are described baiow.
Importantly, the engineers hired by ITC Midwest who have direct previous experience In
maintenance activities on the ITC Midwest system provided invaluable inputl on the
condition of the syster fo each of these three efforts. Finally, fiald personnel, Inchading
linemen, slectricians, technicians and foremen with exiensive expetience on the ITC
Midwast transmission system also provided vary important input and guldance to these

assessments,
4. ITC Midwest System Review

The most comprehensive inspeclion program was inltiated by ITC Midwes! In the
early spring of 2008. The goal of this effort was to thoroughly Inspect the facililies (hoth
lines -and substations) to determine the condition of the equipment and to assess the
equipment’s actual condition as compared to 1PL's historical maintenance retords, JPL
provided ITC Midwest wilh an exitract of their substalion equipment maintenance
management data base called Cascade as part of the assat sale. The Cascade system
contalns the maintenance plan and frequencles for substation assets, as well as
historical records of past malntenance activities,

In {his inspection effort, iTC Midwest employed a similar program fo the one
stiecessiully used by METC following its acquisition by ITC Heldings Corp.

ITC Midwest assembled and directed a team of qualified and highly experienced

personnel from the company and several consultanis io review the fadilities angd
equipment, plus the environmenial and physical securlty conditions, of each site where

1
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ITC Midwesl owns equipment. In particuler, these inspeciions encompassed every
substation containing equipment owned by ITC Midwest, including substations owned
by third parties that contain ITC Midwest-owned equipment. In addiion, ITC Midwest
pariormed & comprehensive line inspection pursuant to the existing IPL scheduled

inspection process,
& Substatlon Analysis

The ITC Midwest substation inspection program in particutar identified equipment
deficiencles that, If left uncorresled, would likely or potentially lead to more severe
squipment fault and/or degraded system condliions. These deficiencies have besn
catalogued, and are now Included within an omnibus fist of correciive maintenance
ltems to be performed by ITC Midwest (discussed Jater in this report). Substation
maintenance is of particular concern fo the company and, In December 2008 when Il
takes over system maintenance and operatlons, ITC Midwest will be conduoting its own
ohgaing substation inspeclion and malntenance program, which will be a follow-on to
the effort reported here, and wili be used to uncover any additional issues to be
remedied. The present IPL substatlon mainienance plan, as welt as the resulis of the
ITC Midwest Inspaction, will be used in determining substation maintenance aclivitles
going forward, such as adjusting Inspeciion frequencles and praventative and predictive

maintenance acivilies,
Substation power equipment deficiencles Included:

o minor leaks (f.e., non-reporiable splil fo ihe lowa Depariment of Natural
- Resources and Environmental Protection Agency};

equigment missing some hon-critical parts;

equipment which had only partial repairs completed,

a lack of general upkeep; ang
signs of age degradation (especlally on clrcult breakers at the 34.6 kV and

G8 KV level),

o © 9 w©

With respect to Ieaks, 27 percent of the station transformers and 8 percent of the
oll clreult breakers were found to have at least one nofable oll leak, ITC Midwest's
experlence Is that this frequency of laakage is too high and should be addressed.

In addition, saveral substafions were found 1o contaln spare power equipment
materials {e.g., breaker or transformer oll-fllled bushings, Insulators, ete.). This extrs
equipment appears {o have bsen salvaged from decommissioned equipment. This

11
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salvaged equipment was assessed o be in questionable condition (due to ags, method
of slorags, and exposure fo the elements), The spara equipment located in the
substations ldentified as transmissfon equipment will be disposed of or moved o central
warehouse facillties for proper storage, If deemed useful,

b, Line and Pole Analysis

Line inspechions found deflciencles consistent with reporis from IPL's inspection
program; however some of the deficlencies appear-to have been present for some time,
le. greater than the Inspection cycles reparied by IPL which means thay were no!
corrected once found and would have sfill existed when the line segment was again
inspected according to the schedule. The line Inspections also delermined thet many
areas ware jn immediate need of vegetation management. Notably, this finding was not
ravealed In the R.W. Beck Inllial diligence reporl sampling desciibed below. The lines
fnspected during ITC Midwest's review were selected by ITC Midwest and its
contiactors, using both the IPL-scheduled inspection plan and by targeting areas of
known system petformance problems. These issues are discussed later In the report.

G, Miscellaneous Property and Environmental Analysis

The company also found physical substation &lte deficiencles with the bulldings
and grounds Including: ' .

« broken windows and doors,

+ damaged or poor lighting,

¢ non-working air conditioning unlis and heaters,

¢ broken locks, fence tensloning and barbed wires broken.ar missing,
» fence ground wires missing,

= gravel washouls and/or major depressions requlring yard slone,

+ roof leaks,

o major vagetation encroachment,

¢ absent or poorly visible station or fine equipment identification; and
]

missing operator or stalion drawings.

These deflciencies pose a ihreat fo genaral Integrity of squipment that Is part of
the transmission system, & threat to the safely and securlty of the fransmission system,
and increase in the potenflal Impact on public safety from high voliage efectrical

equipment,
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Environmentat deficlencies within substations included past spills needing follow-
up rernadiation, ol containmant deficiencies, residual raln water in caich basins needing
fo be pumped out, and minor equipment leeks. 1TC Midwast's assassment is also that
past compliance with Spili Prevention Gonirol and Countermeasure {*SPCCYH

regufations was not fo Indusiry standard.

Overall, the condilion .of the transmleclon substalions is characterized as
primatily fair, with some tocations in poor condition and a small group in good condition.
Some equipment degradation based on-age and performance Is likely al ond of usefut
life and there {5 a need for some.facilities to be replaced. The majorly of the rest of the
elsclrical equipment and sites need proper and thorough maintenance to restore the

sguipment to a condition consistent-with industry standards.

Al of the 345 KV, 161 kV and 115 kV lines were aerial inspected. Portions of
Ihese lines fdeniifled from the aerial inspection were then inspecisd on foot, The
remaining inspections focused on the 69 kY and 34.5 kV porilons of the syslem. The
lines inspected during this review were selected in parl based on areas of known
system performance problems. As discussed above, the vast majorlty of outages are at
these lower voltage levels. Approximately 70% of the 34.5 kV and 69 RV portions of the

system were Inspeciad.

In general, the 345 kV, 161 &V and 116 kV lines are in.good condition, with some
portions of the 161 kV and 118 KV systems showing significant signs of age. The 34.5
KV and 89 kV lines were folnd fo -have many deficlencies, as expected, sincs some
circuils have poor performance. Some of the deficlencies appear to have heen present
for some time, before they were reported-on for the first time by the prior owner's

-personnel. ‘

The line Inspeclions also dotermined that many areas of the sysiem were in -
Immediate nead of vegetation management. Taken logether, the condllion of the lines
themselves and the vegetation management issues ldentlfied lead ITC Midwes! to make
the assessment.that the 34.5 kV and 68 kV system lines are in generally poor condition.
With a proper vegetation management pregram, and maintenance of the fines, the
condilion is expeoctad to greally improve. In contrast to the substation eguipment,
howevaer, significant portions of these lines will need to be replaced as they are al end of

their usefut life.

2 R.W. Beck Study




As part of & financial, due dillgence process prior to ITC Midwest's acqulsition of
the transmisslon system, R.W. Beck, Inc. performed a limited sampling review of certain
system facliiftes. The revlew Included site reviews of certain of the eleciric transmission
fines and substation assets of IPL pror to the acquisifion. The field review was not
intended fo be a detailed inspection of all equipment, but rather a géneral observation of
the condition of the system based.on limited samples.

R. W. Beck personnel reviewed a sample of the transmissiop lines and
substaffons. IPL's staff selected substations and lines across the entire syslem for the
review. The sample size was approximately 35% of the substations and less than 6%

of the transmission lines.

Typically, a series of three or four stuctures were evaluated af fwo separate
locations along each sample line section. Sixty two (62) representative substations
were snlered and evaluated. ’

R. W. Beck defined thair condition ralings .as: Obsolete {Recommend Immediate
replacement), Poor (Remaining Iife;. replace soon), Falr.(Remalning life; maintenance
required soon), Good (Remalning iife; recommend routine maintenance), Very Good
‘(Remaining fife; recommend routine inspectlon) and Excellent (Rernaining life; new or

recent constiuclion).

R. W, Beck noted on the sampled transmission fines that generally good
structure, grounding and maintenance praclices were observed; however they
recommended {hat the pole Inspection program be aceslerated to a minimum of a 10-
year oycle as paris of the system are over 40 years old. R. W. Beck noled that some of
the oldest structures are In the northern part of the system and show a lot of
deterioration, ‘On the samples of the 69 KV system that were evaluated, nearly 50% of
lines were deemed to be in Falr (mainlenance required soon} or Poor (replace soon)
condliion. For both the 345 kV and 69 kV systems, R. W. Beck recommended a
systematic replacement program due to the age of these poriions of the system, Thisis
consistent with ITC Midwest's planned conversion of the 34.5 kV system and reliabliity
improvemenis to the 68 kV system. Nearly 60% of the 115 KV sysfem was rated Fair
{mainlenance required soon), with a high priorily recommendstion for replacement
based on the fact thal most poles were at or near 50 years old. The righis-of-way
sampled for the R.W. Beck report did identily areas that were well malntained, with
some examples of poorly maintained rights-of-way. A few minor encroachments of
fights-of-way by the public were observed.
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R. W. Beck noled thal the 62 substations reviewed appaared to be in generally
good condition {recommand routine maintenance), Minor oif leaks were observed and a
larger than expecled amount of equipment was ldentified as needing genera! physical
malntenance. A number of subsiafion yards were soft.and had considerable puddiing
and washing. Most of {he major equipment in the sampied substations was observed to
be in falr {maintenance required soon) to Good condltfon {recommend routine
maintenance). :Minor substation equipment condifion was consistent with-the condftion
of major equipment. R. W. Beck noted the lack of oil contalnment at-most locations,
recommending a review of the requlrements in 40 CFR Part 112 {0l Pollution
Prevention Regulafion). [TC Midwest noted this concern as well during inspeciions and
is evaluating oil containments and remediation of this issue. Overall, R, W, Beck rated
44% of substation equipment as being in “Good" condition, bul stilf recommending thal
roufine maintenance was required, and 29% as *Fait” condition, with maintenance

raquired “soon.”

This financlal due diflgence review provided a decent snapshot of the system,
and is -generally In line with what has been observed by |TC Midwest and Black .&
" Vealch. Overall, the R.W. Beck report highlighted the nesad for thorough and proper
_maintenance programs on the system, bul noled thal some porlions of the syslem
required immediate maintenance or replacement, .

3, Blacl & Veatch Study

A third Inspection program was a vulnerabllity assessmenl, completed by Black &
Vieatch for the purposes of complying with the NERC Critical Infrastruclure Prolection
Program. The assessment was conduclted from June fo August of 2008. The
inspection included 83 key [TC Midwes! substations. This vulnerabllity assessment
applied the Sandia Nalional Laboratorles’ "Risk Assessment Melhodology (RAMSM),
The vulnerability assessment considerad crilical assels and features of ITC Midwest's
electrical substation facililes with respect fo the mission objectives and facily
prioritizatlon. The risk assassment melhodology was used to evalvate the overall
system effectiveness versus the design basls threat ("DBT?), identify vulnerabilities, and
recommend countermeasures lhat ITC Midwest should consider regarding securily of
their facilities. Teams consisting of securily specialists from Black & Veatch conducied

the assessment.
Substation and control bullding condition assessment was included as patt of the
survey, with an emphasis on physical securily conditions. This is Important not only for

the physical -security of the transmission assefs, but also for public safely. The
assessmeni identlfied many aclionable facilities maintenance items. Consistent with the
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lwo previously discussed assessment aclivitles, a notable numbaer-of the substatlons
were idenfified with similar maintenance Issues associated with fonces {broken portions,
gaps under the fence, holes, etc.), poor window and door conditions (broken or latch
problems), control bullding water leakage, rodent problems and system grounding
maintenance Issues. Vagstallon encroachment on the exterior of substation fences was
identified as a securlty threat and source for vandallsm,

Like the previous assessment, this vulnerabllity assessment had a specific
purpose, focusing only o physical securlty and potential vulnerabilittes. 1t confirms ITC
Midwest's own assessment on the need jor a thorough and proper maintenance
program for all ‘aspecls of {he company's iransmission system facilities, not just

transmission elecirical equipment,

V. Review of Transniission System Malntenance Practices and Planned
Golng-Forward Routine and Remediai Maintenance

As stated earller In this reporl, ITC Midwest’s maintenance program will sesk to
reduce and eliminate as much reactive and unplannad maintenance activity as possible,
This approach will result in the most efficient method of achieving the highest fevel of
refiabllity that aan be provided In an economic manner, A fully and properly mainfained
transmission system has a resfliency to abnormal system and environmental condllions,
such as typical and occasionally exireme weather events,

What follows is & description, for each category of mainienance activifies, of:

+ past maipienance plans and practices by IPL;
+ the stalus of each category of malntenance, and
« 1TC Midwest's fufure maintenance plans,

The categories of squipment for which maintenance practicas were examined
are as follows:

Lines

Vegetalion Management
Substalions

Power Transformers
Breakers {oll, gas)
Balterles

Relays

% 0 o o & o o

16




Vel |

N

¢ Circult Switchers, Disconnects and Pole Top Switches
= Potential Devices and Arresters
+ Capacitor Banks

A review of the status of malntenance performed on the transmission systern, as
well as the planned malntenance needed golng forwerd, is another important indicator
of the condition of the system, as noted above. As-part of sach malntenance category,
ITC Midwest anticipates some equipment replacement and/or upgrades. These
acfiviies may not be striclly considered “maintenance,” but may ulfimately be classified
as “capltal expendltures” from an accounting perspactive. However, the accounting for
that aclivity does not affecl what the system objectively requires from a performance
perspective. In some cases, work can be performed without the need for full squipment
replacement and capital expendliures; other fimes, this Is not the case. Thus, what will
be assessed Is the need for replacing equiprent -al the end of its useful ife. Thess
assessments will be done as part of the ITC Midwest maintenance program.

By way of background, ITC Midwest employs Utility Line Conslruction Services
("ULC") to perform the outage respensefrepair, and the scheduled mainlenance of the
- ITC Midwest transmission system. ULC works for 1TC Midwest and is a dedicated
maintenance and emergency response organization, 'UL.C's priorily Is to respond fo and
repair oulages and perlorm regulary scheduled maintenance of the ITC Midwest
system. ULC, in order fe support lts work for ITC Midwest, has hired a significant
number of former Pl -employees who are very familisr with the operational
characteristics and location of the ITC Midwast fransmission system. ULC has the
necessary specially equipment and tools {o maintaln and repair the system regardless
of weather, ground condifiens, terraln, or system configuration.

1. Lines
a, Lines: Historic Malntenance

As reporled by IPL, IPL performad iis fine Inspections in accordance with the
iowa Ulilities Board fowa Administrative Code and NERG Raliabllity Standards. IPL
raports that all lines operated at 34.5 kV or ahove were visually inspected al least
annually for damage and fo defermine the condition of the overhead line Insulators. A
combination of driving, walking and aerial inspeclion methods were typically utlitzed for
these inspections. Ground Inspections were substituted for aerial Inspections in highly
populated areas, where tow altitude flight Is restricted by Federal Aviation Regulations.
IPL reporied thal it visually inspecied some sleclrilc fransmission lines and facllifies

mare frequently based on operaling experience.
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{PL reported that transmission (34,5 kV and higher) poles had the bull end of tha
poles inspected and tesled on a ten  ysar plan beginning after the line has been in
service twenty vyears. These addilional tests may have Included sounding, boring,
ground fine exposure, and, if applicable, pole-treatmant. In addition, transmission fines
were requlired to be fool patrolied (pole-to-pole) and poles visually Inspected every five
vears, 20% of the transmission system (34.5 kV or-greater) per yaar,

Corrective maintenance was scheduled lo cure deficiencies noted during the
inspection process,

{PL did nat have a formal program to climb struclures and perform e detailed
inspection and repair as part of a praventative maintenance program. Examples of the
types of defecls Identified during a line patrol inspection are: roften arms, damaged
insulator, buried anchor eye, lovse ground wire, broken static/ neulral bonding, down
guy insulator neaded, down guy bonding, blown arresior, bad or leaning poles, ete.

b. Lines: ITC Midwest Mainfenance Plan

TG Midwest will augment the {PL line maintenance plan, In addition to following
the guidelines set forth by the lowa Ulilities Board lowa Administrative Code and NERG
Reliability Standards, ITC Midwest will add preventafive maintenance practices that will
Improve.the safely and rellabllity of its system based on the previcus inspection plans.
For example, in addition to past IPL praclices, ITC Midwest will visually inspect the 100
KV and higher transmisslon system twice a year In order to find immediale Issues with

the bulk powser porlion of the system.

in addition, ITC Midwest will petform “climbing inspections® as part of its roullne
maintenance, and peiform e detatled inspection and repair of all struciure ltems.
Climbing inspactions provide & closer Inspection of the condition of the conductor and
mounting hardware than a ground visual inspection provides. In addition ¥ louse
hardware {s identified it can be fightened at lhe time of the inspection, -rather than
having to schedule a refurn al a later dale. Line outages will also be used as an
indicator thal a ¢ircull needs an Inspection.

As an example, if a circuit is experiencing romentary or sustained oulagas, the
ine will be subject to a2 climbing inspection. Along with the repair and pole iop
Inspection, insulators will be inspected for failure, all expendsd arresters will be
teplaced and additional arreslers added if deemed necessary for improvement of the
circuil's performance. This inspeciion will take place as soon as the line can be taken
out of service. This type of program can improve system perfarmance and reduce the
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need for later corrective maintenance aclivity, For example, based on findings from a
fine fallure on the OGS-Montezuma 345 kV line in 2007, It is probable that the fallure
and resultant conductor damage that oceurred would have been prevented with such a

detailed climbing inspection.

Laslty, ITC Midwest is implemanting a centralized malntenance ‘managetmesnt
data base. This data base will be used to track malntenance of the entire ITC Midwest
system, both fines and subslalions, This data base Is being poputated with historical
substation data provided by IPL and a significant amount of new data being collected
through ongolng field Inspeclions. The centralized maintenance managemsnt data
base will provide an efficlent platform for monftoring fine maintenance and corrected
deficiencles thal would impact system rafiablfity. The data base will also be'a tool for
[dentifying future maintenance or replacement programs, :

2 Vegetation Management

a  Vegetation Management: Historic Maintenance

tPL conducted an annual inspection program for fransmission fines greater than
100 kV. The annual inspection program was discussed with ITC Midwest parsonnsl,
Deficiencies were documented and assigned fo work crews for remediation.
-Prioritization was based on threat fo the system. After completing a trlm on the
transmission lines greater than 100 KV, ihe line rights-of-way were herbicide sprayad
every two years {o minimize re-growth,

IPL had a vegetation management program for the system below 100 &V that
was designed fo achieve a three (3} year tim cycle. ITC Midwest understands that the
3 year lim ¢ycle was expanded to more of a 4 to 5 year program at the 34.5.%V and 69
KV level based on available budge! and resources, Several years of minimal trimming
have resulted in areas of the system having only partial trims and often only 1 to -2 {eel
of -clearance on untrimmed circuits.  The numbsr of weather-related momentary and
lock-out otteges reported in system performance metrics appear to affirm that there are
significant vegetaiion clearance problems on the 34,8 kV and 69 kV system,

IPL represenied thal all reported vegetation management deficiencies were
completed for 2007 across the tertltory. ITC Midwest has observed that adequate
fimming appears to have been completed in some areas, while ITC Midwest site
Inspections show a number of line locations with line-to-vegetation clearance problems,
The recent [TC Midwest vegetation inspectlon shows that a thres-year cycle for
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trimming Is Inadequate based on past praclices and due fo the growth rates of the
vagstation in this area.

b, ITC Midwest Vegetation Management and Maintenance
Plan

ITC Midwest has performed a detalled system Inspection during 2008 and has
recagnized the need {o increase the system trim cycle from three years lo two years.
Addilionally, these accelerated trim cycles will Include trimming of enlire clreults rather
than limited trim of portions of & cireult. The objective of ITC Midwest's Vegatation
Management Plan s to eliminate vegetation.caused outages to the ‘fransmission
system, consistent with the expeotations of the NERC Reliability Standards. TG
Midwest will meet these cbjeclives by malnteining -acceptable clearances batween -
conductors and adjacen{ vegetation, In addition, effective right-of-way management
Includes inspection for, and miligation of, other rights-of-way based cautses of outages,
such as encroachment, vandafism, and Incompatible use. Many 34.5 KV and 69 KV
circuits have Immediate needs and are currently being *hot-spot trimmed” to deal with
only the most urgent clearance needs. Although this is not'the most cost efficient way
to manage a program, as opposed fo a program more focused on prevenialivs
maintenance, hot-spot idmming is currently required fo .avoid vegetation contact with

lines, and related outages,

ITC Midwest has developed an Annual Plan which indicates planned vegetalion
management work, by circult, for the year. The Annual Plan is flexible enough fo
accommodale a schedule change due to capital projects, community invalvement,
additional Hght-of-way, and other system Issuss These variations from the plan are
doctimented and the Annual Plan is updated accordingly,

The Annuat Plan ls Initially developed prior o the start of each year by the ULC
Foresters under the direction of the ITC Midwest Maintenance Specialist, Each ULG
Forester submits a draft proposal for thelr reglon fo the ITC Midwest Maintenance
Specialist, When it Is necessary to make an adjustment 1o the Annual Plan, the UL
Foresters will submit the changs to the ITC Midwest Maintenancs Speciallst. The ITC
Midwest Mainienance Specialist will review the ehange, and If the change Is acceptable,
update the Annual Plan by elther adding the new work requested or removing work from
the plan. Work is scheduled from the Annual Plan when and where necessary to
continually improve vegetative conditions compatible with electric reliability and safely.

ITC Midwest employs an integraled vegetation management program dlracted by
ULC Foresters with assistance from Planners. Vegetative condilions are assessed and
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the most appropriate control method s scheduled as needed to meet objectives.
Control methods ‘may Include manual, mechanical, biological, chemical, ang culfural
technigues. Cholce of control opllon{s} is iyplcally based on established rights,
thresholds, effectiveness, environmental impael, slte characteristics, worker and public

health and safely concerns and economics,

ULC Foresters or Planners personally confacl affecled properly owners to
-explain the intended vagetation management work. - If personal contact cannol be mads
with the affected properly owner a door hanger is left to provide them with contact

- information, Planners evaluale the sltes and assess the current vegetlalive slivation and
schedule the most appropriate management tool in a prescriptive fashion. Al tree
removals on private property not covered by an sasement require the landowner's
permission. -Planners sesure signed permission from properly owners for tree removal
on-easements as required.

3, Suhstations (General)

a. Substatlons {General): Historic Maintenance

IPL used a mainienance management data base, called Cascade, fo identify
subsiation equipment maintenance stafus, Inspection frequencies, inspaction plans and
historical records of maintenance activilles, IPL reported to the fowa Ulillies Board that
thay would inspect the ransmission subsiations at least quarterly. As part of the
quarterly inspaction process, the following aclivities were performed:;

o Physicdl inspaction of the site proper, including fence, wasning sighs and
grounds;

» Physical Inspeclion of the control bullding, including station power, DC
power, buiiding facilities;

» Physlcal inspection of the equipment, inciuding bus and manual swilches,
bus supports and lightning arresiors;

= Major equipment as listed below have specliic inspection requirements
that go beyond the quarterly inspection process; and

» Ballery water levels.

In addition to the quarterly site Inspections, IPL had sel up & maintenanze
schedule for major equipment based on several faclors, such as industry
recommendations, past equipment experlence and resource avallabillty. The delails
supporiing the major substalion equipment are contained in ths following sactions of

this report.
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IPL perfotmed an annual infrared Inspection of all fransmission substafions. The
Infrared Inspection incfuded major equipment, disconnects, switches, substation
arresters and eleclrical power conneclions in order to Identlfy overheated equipment,
which s a very reliable indicator of impending failure. In subsiations, faflures of
equipment and connections due io overheating will not only cause outages, but wil
result in significant equipment damage. While the infrared inspection is an Imporlant
tool, It Is more ciltical that items found during Inspection are repaired,

ITC Midwest understands thal corrective malntenance was given precedence
over preventative mainlenance, with the exception of scheduled maintenance for
regutatory requirements. Field personnel report that because of resource limitations,
oply minimal work was accomplished when any maintenance was performed.
Essontially, if field personnel Identified additional issues with a particular place of
equipment, they were instructed that unless the Isste had an immadiate effect on
performance, they were to hot proceed with the exira work,

-‘Another example of this conslrained situation Is iliusirated in the substation
maintenance report issued by IPL. As one would expect, IPL tracked the schaduled
maintenance pian, bul also had another {racked ltern call “Work Plan®, with the definition
ihat this Is the work commitied to by IPL Mailenance Managers. 2008 year to date
data for substation maintenance shows 70% of the maintenance plan complated, wilh
85% of the Work Plan completed. Such reporting by IPL to ITC Midwest reveals a
known and systemic limitation in completing the defined malntenance plan,

Any deficlencies ldentlfied during the Inspecflon process thal could nol be
corrected al the fime of the inspection were listed for corrective maintenance, The
corective maintenance may have required speclally tools or resources, an eguipment

outage or other action,

IPL reported 1,670 substation carrective maintenance tems not being completed
at the end of 2007. The Information provided did not easlly allow for separation
between the Minnesote and lowa terdfories. This correclive maintenance work was
carried over Into 2008. As mentioned befare, while planned Inspections are a key
aspect of any maintenance program, it is more Important that deficlencies found during
these inspactions are addressed and corrected.

ITC Midwest has been made aware of additional needs for correclive

mainienance of ils squipment In other substations, which have so far not been
addressed by the owners of the substation that have both ITC Midwesl's and another
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owner's equipment located there {also known as “shared substations”™). TG Midwest
has taken these communicafions seriously and will schedule the correclive astions for

2D08.
b, Substations {General): ITC Midwast Malntenange Plan

ITC Midwest is implementing a centralized maintenance management data base
that will be used across the ITC Midwest systam. The ceniralized mainienance
management dafa base will provide an efficient platform for monitoring substation
maintenance and corrected deficlencles that would impact system reliabllity and will
provide a too! 1o ldenilify fulure maintanance or replacemant programs.

ITC Midwest has declded to Inilially use substaion maintenance frequencies
formerly employed by IPL, While the malntenance frequencies are in iine with Industry
standards, it is not clear from the performance dala If the program Is able to-drive good
system performance, As such, it is expectad thal malntenance frequencies will be
adjusted based on ITC Midwesl's ongolng working experience with the system,
continued review of past maintenance historles, and the abjective of improving syslem

reliabillty. :

Equally important, ITC Midwest inlends to address the numerous corrective
- maintenanée items idenilfied In the inspectlons. ITC Midwes! has srranged for the
proper amount of field resources so thal these issues can be addressed. Given the
sheer number of corrective malnfenance ltems, the potential complexity to conduct the
repalrs, and the constraints of the system that limit scheduling of equipment outages, it
likely will take two to three years fo elininate the back-log of exisling comreclive

mainionance problems.

in addition to the infarmation gathered In the discussed assessments, ITC
Midwest will use the results of quarterly inspections to identify faclliles maintenance
needs. Such items would Irclude fence repalr, bullding, roof, plumbing and HVAC
repals, focks and keys, slie grading and slone replacement. Routine Facililies items
include snow plowing, dust conlrol, mowing, end general slle and bullding cleanup.
Prompt and thorough aftention to these non-electrical system ltems are importan! for
transmission system security, as well as belng a good neighbor by taking care of

buildings and grounds appearance.

The environmental plan will Include all aspects of environmental matters for ITC
Midwest assats. For compliance, ITC Mldwest will conducl environmental audits and
develop and rovise Spili Prevention Conlrol and Countermeasure (“SPCGC”) plans at all
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TC ‘Midwest owned slles and shared silas, In addilion, 1TC Midwest will make all
necessary Tier Il Reports (repotts submilted {o the Loeal Emergency Planning
Commlttees {"LEPC") and lowa Depariment. of Nafural Resources), hazard nolificatlons
and plans, and develop company envirenmental procedures If needed spadific fo ITC
Midwest, Finally, threatened and endangered spacles related activities permitting will
be conducted (usually in conjunatton with vegetation management),

in the event of an environmental incident {reportable or non-reportable), such as
an oft spill, ITC Midwest wili have the resources to conduct splii response and clean up,
We will conduct as necessary PCB sampling, and waste management for all
maintenance and construction activities,

4, Power Transformers
a. Power Transformers: Historic Mainfenance

IPL scheduled annual power fransformers inspections using their Cascade
equipment management data base. This annual inspection included a visual lnspeclion,

- infrared scan, ofl samples, acoustic and vibration monltoring. After the initial inspection
and review of the inspection information, further tesling may have been performed and
an outage scheduled to invesiigate any abnormal readings. The additional testing may
have Included: Doble power factor and excitation testing, transformer turns ratio, DC
insulation testing, and DC winding resistance testing. These additional tests were nol
conducted- on a defined Interval plan, and were done when crews and transformer
shutdown oppoeriunilies were avallable. All these tests are standard indusly practice

and identify potentiat equipment problems,
b, Power Transformers: ITC Midwest Malntenance Plan
{ITC Midwest wil ulilize a simllar inftial prediclive mainienance inspection. In
addifion, ITC Midwest will atiempt to schedule 10% of the power fransformers o be
taken off-line each year In order to complete a full series of tests, which would include:
Doble power factor and excltatlon testing, transformer turns ralio, DC Insuiation tesling,

and DC winding resistance tesling. As-a good preventative maintenance praclice, the
tests will provide a base line health of the transformer assels,

5.  Broakers (Oll, Gas)

a. Breakers: Historle-Maintenance
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For braaker malntenance, IPL planned to perform annual minor maintenance and
inspection on every ciroull breaker using their Cascade eguipmeni maintenance
management data base, IPL also had a major non-intrusive maintenance program. i
IPL did not have avallable resotrces to accomplish the major non-intrusive work in the
scheduled year it was delayed to the subsequent year. This practice has created a
back-log on some maintenance of breakers durlhg the last few years,

IPL performed oil circuit breaker annual Inspections which included oil dietectric
and-leve! checks -and bushing Inspsctions. 1PL also scheduled.off circull breaker major
non-intrusive maintenance every six years. This major non-inirusive maintenance
Included a dissolved gas lab analysis of the ofl, fiming .and travel testing of the
machanism movement, contact resistance, mechanism maintenance and trip testing.

There are 481 ofl breakers on the system. IPL has reporied 100% of all
scheduled annual circuit breaker mairtenance has heen completed.

The table below Identifles number of major cireult breakers scheduled for non-
infrusive maintenance in 2007, The Information provided did not differentiale belween

oil and gas circult breakers,

Majors Majors Malors Carried | %Carried Over
Scheduled | Complete Qver

Minnesola 78 71 7 10%

lowa 158 113 46 29%

For gas breakers, IPL performed annual Inspecllons on SF8 circull ‘breakers
vhich included pressure checks .and bushing inspections. 1PL alse scheduled SF8
breakers for major non-intrusive maintenance every eight years. This major non-
Infrusive inspecilon included -2 timing and ravel testing of the machanism movement,
conlacl resistance, mechanism maintenance and {rip festing.

There are 535 gas breakers on the system. IPL reported that all circuil breakers
annual visual inspections were compleied. Any maintenance aciivifies that were
generated from the annual Inspection that could not be corrected at the time of the
annual inspection, were identified as a corrective malntenance fask that was scheduled

lo be performed at & later date,

The table below identifies the number of major clroult breakers scheduled for
non-infrusive maintenance in 2007, The information provided did not differentiate
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betwsen oll and gas clrcult breakers. The normal schadule for this non-ntrusive
malnienance Is an eight year cycle,

Majors Majors Majors Carried | % Carrisd
Schedulad Completa Over Over
Minnesota 78 71 1.7 10%
iowa 159 113 46 29%

b. Breakers: |TC Midwest Malritenance Plan

ITC Midwest will inltially start the annual and major non<ntrusive scheduled
circuit breaker maintenance program in 2008 following the IPL inspeclion praclices
listed in the circult breaker {ype spacliic seclions below, In addilion, ITC Midwast wil
perform power factor testing as a routine test when performing the circult breakar major
méintenance as a recognized good industry preventative malnisnance pracifce,

ITC Midwest Is starting with more circult breaker major maintenance than it would
normally have to do in 2008 because of the scheduled maintenance work not complefed
by IPL in the pasi couple of years. Typleally, ITC Midwest could plan to have an
average of 70 oll breakers and 40 gas breakers to perform major maintenance on In 2
given year. For 2008, the number of scheduled major maintenance tasks will be cioser
lo 11G ofl breakers and 40 gas breakers. System constralnts and other scheduled
capital construction aclivities wif resull In working off this backlog over the next few

years,

ITC Midwest plans lo inifially follow the IPL annual maintenance program for of
circult breakers. In addition to the IPL major non-intrusive maintenance program steps
on ol clrcult breakers, ITC Midwest will perform Doble power factor testing and
structured operating mechanism lubricalion. For olf olroult breakers rated ovar 100 kV,
the tanks will be dropped and ar Internal interrupling assembly Inspection and
maintenance will be performed. These steps were not performed on a consislent basis
by IPL, and are consldered a good Industry practice for porllons of the system greater

than 100 kV.

For gas circull breakers, ITC Widwest plans 1o initially follow the IPL annual
maintenance program. ITC Midwest will maintain the major non-Intusive major
inspeclion program al eight years. .In addiion to the IPL major non-infrusive
mainfenance program steps on gas circult breakers, ITC Midwest will perform Doble
power factor {esling and siruciured operating mechanism [ubricalion. These steps were
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not performed on a consistent basls by IPL, and are considered a good praciice lo
assess the condiiion of this Important equipment,

6. Battery Systemns

8 Battery Systaems; Historic Maintenance

{PL scheduled quarteriy visual Inspeclions on substation batterles and chargers
through thelr Cascade eguipment maintenance management data base,. This visual
inspection included looking at the baltery set, interconnecling bettery straps and
charger, In addllion, ballerios and chargers were -annually tested using a batlery
resistance test on the batlery sel, This annual test Included a visual inspection of the
battery set and charger physfeal condition, cell resistance testing, and Interconnecting
battery sirap testing. If an anomaly on the battery resistance test was idenlified either
an additional load test was petformed fo determine ballery condition or the batlery set

was scheduled for replacemaent.

b, Battery Systems: iTC Midwest Maintenance Plan

ITC Midwest will implement the same annual testing and quarterly inspections of
balteries. Ballestes and charger are annually tesfed using a baitery reslistance tes! on
the baltery sel. This annual test includes a visual inspection of the battery sat and
charger physical condition, cell resistance testing, and interconnecting batlery sirap
testing. If an anomaly on the battery resistance test is identified either an additionai
load fest is performed {o determine battery condition or the ballery sel is scheduled for

replacement.
7. Relays
& Relays: Historlc Malntonance

The IPL relay festing plan was to test and recalibrate, if needed, every retay in
thelr database every five years as part of the NERC Reliabilily Standards program as
identifiad In their Cascade equipment mainienance management dafa base. [PL's
position on stheme testing, {that is testing {he relay, power source, communicalions
path {if applicable) and device {o be operated as a complete integrated unif), was that if
the controt center did not allow the ciroult breaker to be taken out of service, only the
relay would be tesfed. The electromechanical relay test ingluded taking the relay out of
the case and giving it a thorough test by inpulting voltages and currents and making
sura relays were in good mechanical order and operated according lo the specified
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relay setting, Microprocessor based relays were tested by using commands via the
front serlal port to ensure that the refay has not lost fts integrity and that outpuls are sl
fully functional. Solld stale relays were iested by testing their commands and seltings to
ensure the relay had not lost its integrity and that the outputs were. still functional,

There are approximately 5,224 .slectromechanical, 1,024 microprocessor and
878 sdlid state relays on the system. PL reporied the scheduled relay testing was 50%
complete in Minnesota and 80% complete in lowa, IPL has raporied that the refays that
were carried over from 2007 were sucoessfully lested by the end of the first quarter

2008,
b ITC Midwest Relay Maintenance Plan

ITC Midwaest will confinue to test and recalibrate, If needed, every relay in.their database
avary five years. Addliionally, as part of the NERC Reliability Standards requirement for
equipment 100 kY and greater, ITC Midwsst will Implement a complete scheme itest
every ten years which includes insulation and conductor atrength ("Meggsr) testing
cables, {dpping devices from all relays, and insuring that the scheme works as designed
and instalied. Potenttal devices will alse be pawer faclor teslad durlng this ten year
cycle test lo determine the device heslth, This additional tesling will begin in 2010, after

test plans are wirilten and approved 1n:2008.
8. Circuit-Switchers, Disconnests and Pole Top Switches

a. Circult Switchers, Disconnects and Pole Top Swiiches:
Historic Malnfenance

IPL verbally stated ihat they did not have a clrcult switcher, disconnect or pole
iop switch defined malntenance program end repalrs were handied on a reactive
malntenance basis only. Ut is ITC Midwest's understanding that the IPL philosophy was
to operate these devices to failure, then repalr or replace them as deemed necessary,

There are 61 clrcuil switchers and approximately 2000 pole top switchas on the
system. There are an undetermined number of disconnects on the sysiem. ITC
Midwest is currently conducting an Inventory of these devices.

IPL did not report any mainfenance rasults for circuif switchers, disconnects or
pole top swiiches.
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b. Clrc;u_ii Switchers, Disconnects and Pole Top Switches:
iTC Midwest Maintenance Plan

ITC Midwest plans to Impleinent a major inspection program on circull switchers
for substalion capacltor banks on a fhree year cycle and dor circull switchers for
transformers on & six year cycle, Ciroult switchers will be tested similary to circuit
breakers, The plan assumes outages can be scheduled on the ciroult switchers to
ramove them from service-lo test them. 1TC Midwest Is investigating a program to
parform routine maintenance on disconnects and pole top swilches,

This new program is important given the outage perforrmance of the system.
Some of these devices are automatic, and infendad to operate in the évent of a problem
on a transmisslon line'it is. protecting; thereby removing from service the transmission
line'il is connected to. Non-automalic, manual devices are used not only for routing
maintenance in order to safely shutdown sections of line, bul alse during emeargency
restorafion to get cuslomers back In service. [f these devices are not properly
maintalned, momentary outages can turn Info sustained outages, which take longer fo

restore,

9, Potential Devices and Arresters
a Poténtial Devices and Arresters: Historic Maintenance

IPL. verbally stated they did not have a defined maintenance program for
stbslation arresters or line and bus potential devices, Maintenance on these items was
performed on a reactive basis and deficiencles were usually found with the annua!
Infrared scans done at each substation, i is ITC Midwest's understanding that the 1PL
phifosophy was to operale these devices to fallure, then repalr or replace them as

deemed necessary.

These devices on the syslem are nol recorded in the IPL sgulpment
maintenance database. If is the Intent of ITC Midwest to inveritory and add these
devices to the ITC Midwest cenfralized malntenence management dats base going

forward,

b. Potential Devices and Arrestors: 1TC  Midwast
Maintenance Plan
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ITC Midwest will tes! potential devices on relay protection schemes over 100 kv
once every fen years In conjunchion with the mandatory NERC Refiability Standards

program
10.  Capacitor Bariks

A, Capaclior Banks: Historlc Malntenance

IPL verbally stated that they had no formal planned visual Inspections of thelr
substalion capacitor banks, it is ITC Midwest's understanding that some field service
areas would conduct visual inspections, If a visual inspeclion was fone, It was fimiled
to looking for blown fuses and feaking oll, :

b.  Gapacifor Banks: ITC Midwest Maintenance Plan

ITC Midwest will initially Implement an annual visual inspection for alt capacitor
banks including those out on the lines. ITC Midwest also plans on taking each capacitor
bank off line and tesling it every three years based on the experience of the other 1TC
subsldiaries. A visual only inspaction cannot determine the electrical integrity of the
capacitor bank; an elactrical test is required.

V. TRANSMISSION SYSTEM: NEW FACILITIES NEEDS ASSESSMENT

As mentioned In Parl I above, (TC Midwest annually performs transmission
planning assessments thal mee! or exceed all NERC Planning Standard Requirements,
These assessments identify transmission upgrates required to maintain iransmission
securily and adsquacy over a minimum one fo ten year fime frame, Examples of
system condltlons that drive’ the need for new facliities are; changing loading patterns
on the transmisston system, new load interconnections, infrastructure improvement and
replacement, new generatlon, increased firm transmiselon usage, and changing market
ftows. Provided below are the significant drivers of the ITC Midwest {ransmission facility

improvements that are currentiy identifisd.
A. Generator Interconnections

The ITC Midwest system Is being heavily impacied by fhe number and
cumuiative capaclly of requests for generator interconneclions. Approximately 800 {o
1000 MW of new generation will be connected {o the ITC Midwest transmission system
in 2008. Associated with this new generatflon are changing flow patterns which are
impacting the performance of the transmission system.
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A summary of generation interconnection projects on the ITC Midwest system In the
MISO interconneclion queue is as follows:

80 projecis in construction or under skudy

e lowa 48 projecls
+ Minnesota 31 projects
o jllinois 3 projscts

14,000 MW of new genaration

« jowa 8,000 MW

» Minnesota 2,500 MW

o |llinols 500 MW
Renewable Projects

« fowa 83%

< Minnesota B8%

o |linois 8%

Requests for interconnection on the ITC Midwest transmisslon system are
functionally processed by MISO, Requests for inferconnection generally proceed
through 2 serles of signlificant milestones, The first phase begins with the planning
studies to defermine the impact of the proposed generation 1o the exisling transmission
system along with identifying upgrades o mitlgate any resuliing congestion, Second,
defailed - engineering and construclion eslimates of the upgrades, along with an
interconnaction Agreement, are provided fo the customer. The final phase Is the
execution of the Intsrcennection Agreement along with paymenis by the Interconnaciion
Custemer o bagin the construction of facliifies. The amount of time {o progress through
the MISO queue can be several years. Al the end of the process, customers have the
abllity to "suspend™ their projest for up fo three years,

ITC Midwest has been increasingly impacted by Interconnection Customers
requesting -interconnectien before the identified transmission upgrades can be
completed. In some cases, anh Inferconnection Customner serves nolice that they are
coming ouf of stuspension but request a commercial opersling date that is sconer than
the time required {o complete the necessary transmigslon upgrades o enable the new
generation o have firm service for delivery fo all loads within the MISO, In other casss,
the Interconnection Customer desjres commercial operation dates that are sooner than
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the ‘time il takes to complete the MISO interconneciion process. In addiion, 17C
Midwes! has begun o seg several areas of the system, most notably in-southwest
Minnesota and In central lowa, where the amount of time needed to construet nelwaork
Upgrades is extended due to the need to upprade several‘lines in a geographic region
and the complexity of scheduling multiple iransmission system outages simultansously.

Pus to the flows coming out of the number of hew generator interconnections In
southwest Minnesata, 1TC Midwest has proposed to rebulld the Lakefield-Heron Lake
161 kV line in 2010 as part of the MISO Transmission Expanslon Plan {MTEP)., Based
upon knowledge of congestion In-southwest Minnesola, ITC Midwest has also proposed
to MISO that the 181 kV fine between Lakefield and Adams substations be rebuilt to a
higher capacily of 345 kV. Because further generation interconnections are likely, ITC
Midwest propeses that this construction allow for the addition of a second 345 kV clrcuil
an fhis transmission path. Recent MISO generator interconnection studies indicate a
lack of transmission capacity In southwes! Minnesota. More recently, MISO studies
have indicaled thal in spite of the addiilon of a 345 KV line from Lakefield to Adams, the
resulling transmission system will be insufficlent to accommodate the amount of fulure
generation requesting -interconneclion In southwest Minnesota. ITC Midwest will
continue to work with MISO. to Identify appropriate upgrades to mitigate the existing
congestion in southwes! Minnesota and to properly plan for the volume of generalion
requesling Interconnection In southwest Minnesota and Northwest lowa,

B. Narrow Gonstraiﬁed Area

ITC Midwest owns a majorily of the fransmisslon facilities that comprise the
Southeastern Minngsote/Northern lowa/Southwestern Wisconsin Narrow Ganstrained
Area ("NCA"). ITC Midwest addltionally owns a few of the transmission facllifies {hat
comprise the WUMS NCA. An NCA is an eleclic area within which one or more
suppllers are expsoted to be pivotal (i.e. have potential for market conlirol} for at leas!
five hundred (500} hours pef year due to transmisslon sysiem conslraints {“Binding
Transmission Constraints”}, NCA's are identiied by the MISO Independent Markel
Moniltor (iMM) to ensure that these suppliers with market power within the NCA canno!
taise prices substantially above competifive fevels and therefore distort the normal
market process within the MISO system. .

C. NCA Monltored Facllities
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To address the {ransmission constraints that define these NCAs and as parl of
ITC Midwesl's acquisition of transmission assets from IPL, FTC Midwesl agreed on two
projects. which will significantly reduce congestion in easlern lowa, The first project is a
tebulld of Arnold-Vinton-Dysari-Washburn 481 KV line to higher capacity by the end of
2009. The second project is construction of the Salem-Hazlelon 345 kV lne to be

completad by the end of 2011.
D. 34510 69 kV "Rebulld Initlative”

There are approximately 2,270 miles of lines operated at 34.5 kV on the ITC
Midwest system. Approximately 943 miles of the 34,5 kV system is currently built to 69
kV specifications, leaving-approximately 1327 miles of line that is both operated at and
constructed to 34.5 kV speclfications. The Ilnes that are bolh construcled and operated
at 34.56 KV are lyplcally characterized. as older iines constructed in the mig 1850's,
without a shield wire protection for lightning. Increased loading on the aged 34.5 kv
system has resulled in operating difficulty duilng effarts to meet vollage and foading
requirements while the syslem is experencing abhormal evenls known as
“contingencies” and at imes during system normal condilions. Rebuilding of the 34.5
kV.system fo 69 KV standards will remove the aged infrastructure condltion issues, add
shield wire Tor improved fighining performance, replace conductor with anli-galioping
conductor, and allow for conversion io 60 kv oparation. Operation at 68 kv will
decrease voltage drop, providing betler voltage during both contingency and normal
operation and reduce system losses.

The new 69 kV system will allow neiwork operalion of fhese lines lo further
enhance system reliabllity while also increasing [TC Midwest's abillty fo provide timely
system restorallon to communities during outages. ITC Midwest will fay out plans and
hegin conversion of this 34.5 kV system to & networked 69 kV-system and It expecis
thal an overall rebufld and conversion plan can be developed within fwo years. TG
Midwest addilionally expecis that such a plan will resull In the alimination of sovoral
hundred miles of exlsting 34.5 kV. Conversion plans will be closely coordinated with
Interconnected transmission and load serving eniities. The 34.6 KV rebuiid inftlative was
a cormmitment {o the lowa Utlllies Board during the regulatory proceeding that approved
this fransactlon and was projected to be completed inflve to seven years.
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Vi. Conclusion

ITC Midwest is committed to being 2 responsible transmisslon system owner and
operalor, and dulifully maintaining -a rellable and capable transmission system. In this
report, ITC Midwest provides a curreni.assessment of its fransmission system, following
Its first 12 months of ownlng those assels, and a repott on practices ITC Midwest
intends to employ to remedy apparent weaknesses in the system, Ag explained above,
ITC Midweslt's assessment is that ils transmission system Is an aged system that
requires acule allention to proper malntenance, .and complefion of other sysiem
upgrades and capital investmenis, As an Independent transmission company solsly
focused on transmisston, 1TC Midwest is dedicating to employing the measures oullnes
inthis report to Improve relabllity and system peHeormance, reduce outages, relieve
congestion, Interconnec! additional generation resources, and generally improve the
“fransmission system for the good of cusiomers. ‘
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1, Introduction

‘1 Background

Thie transmission.system of eastern lows is comprised mainly of 16, and 69 KV facifities, v in
addition there are facilities rated 345, 145, and 34:5 &V,

Beglnning in the hatter part of the 1998°s with the advent of the open acsess onergy market; the
-gastem lowa transmission sysiam began.fo realize sdditional afrdss ag regional power Aow patterns
‘have incrensed Fromvdhe south and southeast diteefions to.fhe-riorth-and northwaest,

Oni Septeniber 9,2003, Alitant wrote to Morth American Blectric Raliabitiey Counelt (NERC) and the
Miii.\\'astlISO (MISO) about Altant’s concerns.regartling “thie transmission reservation coordinating
pwcess.used‘b):( varlousranisniission service providers ahdthe vesuliant equity impacis ofthe tack of
caordlnation when transmission congestion dovelops, Alliant noted thet it *has borag the operational
consequences and the significnnt-costs:of TLR'Ys,’ resulting from this less than desirable lave) of
coordination between entltfes seliing transmission service because the transiaission system is over
stbseribed” [§3.

1 November 2003; fhe Alliant West TLR Task Furee (AWTTF) was oreated by NERC o develop
specific recommendations for market and operating:praciices to-address prablews associnted with
Fransniisslon Loading Relfelf (FLR}.cuntaihinents inthe Alfiaist West reglon expeeted {n summer
2004, The AWTTF final report was released i Miarch, 2004, hiy that repord, both shert termyarid Jong
toem recommendations were included. Ono of fong term recommendations for planning is “MISO,
wotking wWith othey transmission providers, shall lead.an investigation 1o deteraiine what'aspeets of
the varios transmisson servive requiest procestes caused overselling of AFC for summer 2004-Tor
the Alliant West flowgates and-make recommendation to the appropriale authorities o provent

overselling fromrhappenipg:in futire vears* {1},

This Bastorn lowa Transinission Reliability Study is 10 address the above menlioned NERT fong term

planning recommendation, The study is desired to!
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1. 1dentify bull: transmission (100 &V and sBbove) needs to support-the sub-transmission system, with
respect to load serving;
2, Tdenfify reliebility coneesns on-tixe bulk transmission systeit dugtotie impaets of power fransfers;

Addvess key operational igsues in the region thathave been seen over the Tast fow Vears,

There.are tve:objectives in-thisstudy:

1. With. ﬂ}om:fg_h and eomprehensive analysis, gatn-an understanding of the interaetions of the eastem
Towa fransmission system-with sespect tovarying-load-and market levels arid thicir impacts on
relisbitity for the near tearii and long fem: planning horizons;

2. Develop s.responsible; comprehensive and cosf effective. transmisston plan for eastern Iowa system
that.will-address afl needs of the:transmission system to accomuvodate both the néar tonm asd long
ferm horizous,

1.2 Study-Region

. The geographic repion of castern Jowa system for-load serving: purpose witl Include the-transmission
system east of Cedar Rapids, nowtiv af Davenpon, thie Aliian} West CALTW) system i Miingils and
Hazletor tothe north (Figure 1, blue circle}, Flowgates and tie bulk transwission systems atitside of,
but having inflizence-on this region, witl be considered for the. povier teansfier purtion of the sudy

{Figwre 1, green girole),

The ciné-line powver flow diagram of eastern lowa system (2011 summer peak base case) is shown In
Fipuee 2,
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1.3 Historical Elow Pattern in-Eastern fowa _
Histarteally afterdater 1996 with open sccess energy market, south-north-and-cast-west flow

patteins are ofien seen In the eastern lowa region, espeeiatly during winter peak.and summser peak
periads.

Figiire 3 45 the historicol hourly flow pattern an the Amold - Hazioton 335 kv Hne-doring November
2005 and July 2006. A fow itoms fo note arey -
1. The dominunt-flow pattern on Amiold ~ Hezleton 345 KV Hue s fromx southto nosth, ko, from.
Arnold to. Hazleton; '
2. During-this period, the maximum S=N flow on Ainold - Huleton. 345 BV lineis 646.9 MW at
17:22 oir Deceniber 17, 2003;
3. Bolow s table for hourly sceurrence of Amold - Hazleton flow above SO0 MW. 1t isknowrrthat
. high Jevel flow on Arnold - Hozlelon 3¢5 KV Hoe is usually seen-turing-winter peak

peilods(December to March) and susnmer peik-periads ime to August).

’ A : .:Ju_ly i+
Fonth Dag-0& | Jan-08 | Fab-06 Mér-06 | AprO8 | May061 Jun06! g, 2008
Ceeurrance 2% g 32. 24 1 8 20 2

Mefreat fodopastn Banngpetiy Se e 13 e, 3
TO!I City Genter Ditve:-Carmel, BY 46032 1125 Enargy Perk Drive St Paot, 240 55108
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Auneid-Hazifon

Figure 3: Historieal Howrly Flow on Amald — Hazleton 345 ¥V Line

Figure 4 is achiistorical 10:minvte flow: patisrn o Montezuma - Bondurant 345-kY Yine during June

2005 and August 13, 2008, A fewnotes are:

I, The dominant flow patters on theTfontezume — Bondwrant 345 ¥V line isfrom eastto west, Le.,

from Montezums:to Bondarant;
2. The maximuwn flowron-the Montezuma - Bondurant 3455V Hne s 670.2 MW at 7116 o5 December
3, 2005 during June 2005 and December2005. During January 2006 and August 13,2006, the
maximum flow.on 1his lins is 605:8 MW at 1830 on Fobruary' 17, 2006,
3. Below Is & rable.for 10-minufe acourrence of Maritezuma ~Bondurant E-W flow above 560 MW,

Itis notfesd that high level B-W flow on-Mantezumia — Bondurant 345 kV line {5 uswally seen duiing

winter perleperlods (November to Rebruary) and summer pedk peridds (Jung to August).

. 1 811106

Jun | Juk| Aug| Sep} QOcti Nov| Dsel Jdan Febj Mari Aori May | Juni Juil-
fifonth 2005 | 2005 |.2006 | 2005 | 2005 | 2005 | 2005 | 2008 | 2006 | 2005 2005 § 2006 | 2008 | 2005 | BM13I08
O'ccurren;:e 118 g1 B 22 2 201 454 17 $0 | 1] g 01 114 §2 74
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Figure4: Historical 10-Minute Flow onMontexutie — Bondurant 345 kV Line besween-June 2005
and August 13, 2006
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%‘% We manage power,

2. Medels, Input Files, and:Criteria

2.} Models

Eastern lowa fransmission reliabllity: study is perforimed for the-years of 200 ¢ and 2015, In each year,
three scenarios are developed: .

|, Suminer peak scepario; )

2. Heavy transfor flow from south to notth, witli benchmak flow on the Anmifd-to Hazleton 345 KV
Itwe-at the 600- MW Tevel;

3. Heawy: mansfer flow from.east fo west; with benchmark flow on fhe Montezuma to Bondurant 345
KV line at the 456 MW iove),

2011 sununer peak model (base model) i based ori the MTEPOS phase-2 model, The baséling
relinbility-projects. wiih reliability siceds vevified by MISO are inchided. Rogibnal heneficial prajects
are not inchded nor ave prajects nat verified by MISO to be based upon veliability needs ofthe
system. Some additions! updates are made:

I, Some-rating corvections on 69KV jines;

2. Ald & socond Galena 161/69 &V transformer in DRC;

3. Change Amana T~ Amane 89 EV fins to normal open;

4. Add-and dispatelveach 15 MW generator at-69- kV buses ADM100 (34330) and ADM:{34333);

5. Add a 3.2 Ivac switched shunt at bts Wauknip8 (34418);-

G, Change Pure TP - Locust 69 &V Hus to nonmal slose;

The 2011 heavy soulhto north fransfer model (83N teansfer madel) Is.developed from the 2011 bass
mode] with somo generators in Ameren (AMRY), MNosthern Hlinols {NI) turned on-ang redispatched,
‘The participation factors for these generators Being redispaiched are-based upon thefr Pmaox, their
high distribution factors on the- Amold to-Hazleton 345 KV Tine, and thislt availsble capadity {(Pgen <
Pmax ar offlne) for redispatch, Teble A3 in Appendix A Nsts 2l hese generators and their
sensitivities and impact-on Asnold-Hezleton Jine. To keep the power balance, generation in Xeef
Energy (XEL}, Minnesota Power & Light (MP), and Otter Tail Power (OTPYis uniformiy scaléd
down voughly at the yatio of 41114, Table 1 lists the changes of generation and Net Scheduled
Interchange (NS1) in these areas.

Midwas Jindepetadiof Basanneion Sy sian Opstato,

70 Ciry Ceater Dive Carmet, DI 46032 1125 Gnergy Bask Drive St Fanl, MN 55108
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Tilidwest Fudependent Transmission System Qpesator, Tne:

The 2011 heavy east to west transfer mrodel {E-Wransfer modsl) fs developed from the 2071 base
modef with sonie generators in N tuened on ang tedispatched in-a methed congistent with that used
fortlis SN transfor inodé] {as described above), Table A2 in-Appendix A lists all of these generators
and their sensiﬁ.viiies end impact on Mentezuma-Bondssant Line, To keép—'ihe‘ power balance,
geasrition in Weslern Arex Rowér Administration (WAPA), Nébeaska Piblic Fowar Distrlet {NPRD),
and.maha Public Power Distriet (OPPD) are uniforinly sealed down roughly atthe ratio of 1131,
Table 2 liste-the changes of generation and Net Scheduled Imgarcillange{NSI}'i:‘t'tﬁcse‘amas.-

Mea | Base Gase 5} Teansler Gase Gererelion Changs |
Sonormion A | NSTIMWY | GereroBon (v ' - NSH{MING
| AMRN 12087.R -08% MG 537 1 H187.7
1B 52024 64 s2p2d | aned 00
[ody] ‘ 12206 7 12235 2.0 8.0
Hi 26430, 877 271223 1589.1 s9m1
XEL BEIT.E 2535 73506 37882 -1253.2
e ‘ 1825:7 38, 167641 2253 31323
ore 20284 <26 17128, 3393 -33:;;;:}

Table 1: Comparlson behween Base Case and §-N TransferCase

Area 1 Baca Case E»WT'ransfbrCasn Genaranm:chanqe_—[
Geieralion () | NSl {#aw Generalion (VA NS M
Nt 264302 877 283885 21938 10168
WARA 48384 1248 23259 697.1 -5‘38\9:
NePD | 2884:8 418, i895E:]  -10530 -638.9-
OFPD 25354 -97 ane 7354 5380

Table2: Compnrisen behween Base Casé and E-W Transfer Case
The 2015 summer peek model (2613 base model) isdeveloped: from 2011 summer prak model (2011
base madel) with ALTW load sealed up by 10%. Since thie ALTW 2011 summter-peak control area

load level Is assumet) a1.4682 MW, the ALTW confeol area 2013 summer peak load level is set at
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Midwest intlapendent ‘Transmisslon Systermi Gpévator, Ine,

ST50 MW level. The ALTW power nilsinatch due to load tncreasing in 2045 Is picked up by turaing
on and fully dispatehing the following generators In ALTW centrol arcs as shows in Table'3, These

Generators woere suiﬁ'ciemly remofe fronnthe stutly area so as not to affect thestudy’s conclusions:

BusNana Gen_iD W
. N
MTOWN § 2058 4 T3
DENARIG 341503 126
THANGVAND $a545.4 165
FORHEIE 34011.3 oy

Table 3: Generation Kedispatek fn 2015

The 2015 model with heavy tansfers from st to nocth (85N uansfer modél) is developed:from the
2075 baso moiel using 4 methodology consistent with that used to dévelop-the 2017 south 1o north
transfor.moddl, The Tiow on the Arndld:to Hazlefon 345 KV Fine is benshmarked al GO0 Mivs,

The2015model with heayg transfers from east o wost (E-W iransfor model) is developed-fronvihe
2015 base model uslng a methedology consisteit with thatnsédto develop 11 2047 cist t6 west

transfer model. The flow-on theFontezama to Bondurant 335 KV line is benchmarked av 450 W Ws.

The flows of soile key branches in 2011 and 2015 base-modsls ace showmin Tabls 4,

Basé Mokl .\inhh‘z.u!nn-l}mxs:mt(M\\',‘i AnmshbHurhotor (85} Sakem 345161 N {(hHY)
T F2Y) b AN 2E)
25 X3 2535 s

Table 45 Branch Fluws in 2017 and 2015 Base Models

2.2 Input-Files

AlL 180 RY and above branches in the eastorn.Jowa system ars monitored for thernial.and voltage
violations, Soine substrausmission snd distributionsystems are also monitoréd. The.eastern Jowa
subsystom Is-defined In Appendin B.l, Flowsates anil builk fransmission facilities oulside of, but
haviag influsnce on the eastern Iowa system are also:menitored for the ‘power transfer portion of tha
study. The total nunber of flowgates is 28 and they are Fsted i Table 5.

The specHically specified categary B and C contingendies are described in Appendix B.2 and B.3.

Page 7
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Miidwest iSO

.. We manage power.

Baseéd o NERC Planning Standards, two types of goitingenisies are simulated:
1. NBRC:Category B eontlngencios which defined as the foss of 2 single slement;
2.NERC Category C contingenoles which are.defined.as the. Inss of tivo ormore (uuliipleyelements,

The engineering:soflware foruse v this study is Power Technologict, fnc. PSS/E verston 29.0.9,
MUST 7.9,and NewEnetgy-Assoniates PROMOD 9,013,

Cases vepresenting pre-contingenoyconditions are safved with automatic controf anabled Tor LTCs,
phase.shifters; DC taps, and switcheshshunts, I sddition area interchangs is emabled. Cases
representing post-contingency-conditions are sulved with area interchange disabled (fixed) while

olfier options-are kept the same.

Othet-important soletion options are:
Contingeney Flow Ghange Culoff I MW
Cotingenoy Voltage Change Cutofft 1%
AC Mismatch Change Cutoff P MW

23 Critephi
NERC Transniission Planning Staridards TPL-001-0, TPL-002.4, TPL-003-0, and TPL-004 0

effective on April 1,2005.are generiily applied to testthe system. The Alllait Energy Transnifssion
System Planning oriterion {2] is used 1 differont front NERC planning-griteria. MRO crilerion is used
on MidAmertcar Energy and CIPCO fadilllies.

All eastera iows facilitles +08 kY and dbove (also inclutling-some facliities below 100 kV).are
monitored for-thermal violations, Leading i comparcd against both normal and emergency branch
ralings. Steady state thennat violations-are clted ifbranch loatiings exceed nommat ralings under

system Intact conditions or ifbranehifoadings exceed emergency vatings under confingencies,

Vollages et buses 100 kV and above {also including some Facilities below 100 &V)are monltored in

the eastern lowe region. Under system iniact conditions, buses are monitored for voltages above

Nisbowss fibguiadoon Eraintsinon Saian Ch ety ley
70t City Center Difve-Cornil, TN 46032 125 Energy Park Drive §1 Paed, M 55108
wran mslecaliae g




\\imwcsi':indep'endem Transnilssion Systens Operntar, Inc.

105%:0r below 95% of nominal. Under-post-contingency conditions, generaliy, buses.are mokiliored
for voltages-atove §10% or below 90%.of noniinal,
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MidwestTndependent Transariyston System Opuratay; Tne,

3. AC Contingency Aualysis

The transinission systemdéfined in the eastern lowa study region Is nsouitored for thiermal impacts.
Loadingds compared against both the normal and ¢mergency branch Tatings. Steady state thepnal
viatations are cited if braneh foadings exceed nonmal raiings.

Vollages at buses défined in the study-region are monitored, Undér pre-contingengy condition, buses.
are-monilored for vollages above 105% or Below 95% of nominal. Under post-contingency
conditions, buses are monitored for voltages above 1 10% or-belosw 90% of naminal,

Results insection 3 are oft Hsted-in Appendix C,

3.1 Base Case AC Contingency Analysis
3.1.1 Under Normal Conditions
A} 2011 Base Case

Under nonmat conditions, there are'no thermal vislations, There are two low voltage viofations in
ALTW Liberty area on the 69 KV system. The losy'voliage buses are HOPREGS -and SANDSPRS,
fisted in Table C:f+1, {Documentalion shoven Jater in the study shows that thesnlow valtages were

due to'modeliing ervors),

B)2015Base Case
Oneof the Hazleton 161769 tiansFormers was shown to be overloaded in the 2615 basecase {Table
C.1-2), There were no voliags violafions afier mode! correctivns were included,

3.1.2 Under Category B Contingencies
A} 201} Base Case

Unider category B contingencies, overtonds were shown on the Hazlotan 224 MVA, 748/i61 kv
transformer, cach of the Hazletor 16165 kV jrangformers, aud several 62 kV lines in the Postyille
and PCY arcas, Sec Table C.1-4.

Thers is no voltage violation under categosy B contingencles afier modefting corrections were

applied,

Iege 23




ftldwest Indépendant Transmisslon System Operator, Inc,

B) 2015 Base Case

Overloads under category B contingencies include, the Hazleton 224MVA, 345/161 BV transformer,
the-Hazleton 16169 %V transformers, the Salem 3457161 k¥ transformer, and-the Dundee (617155
k¥ transfonmer, The Hiawathe/Faicfax area had several T61gid 69 kY line overloads. I the Postville
area, onie 161/69 transformer and one 69 &V line werc:showi-with.overfonds. See Tahle:C.1-5.

The table documents the-increased toadings of Tacilitics between the 201 nind 2015 base cases. The
Salem 345/161 &V transformer is impacted By about 17 MW, Tines in the Blawatha/Fabrfay arercare
also showntd'be signitlicantly impacied by the load growth represented between the hwobase cases,
with the PCEEast — Oskridge Hne showing » 30 MW inerease in loading.

There isno voltage vielation uader-eategary B contingencies i 2015 base case.

3.1.3 Under Category C Coniingencies
A} 2011 Bese Case

Under category Ci (bus oulage), C2 (breaker failure) and CS-(comnon tower outage) conlingencies,
overloads occurred on‘the Hazletow 161769 kV transformere, the Salem 245/161 kv transformer, the
Lansing $6169 KV transformer, and several 69-kY lines inthe-Postville, Salem/Lare, and Foirfax/PC)
arens. Seé Table .16,

For double{eategory €3) sontingencies, otiteria allow for e transmission systentang transmission
systeiroperaters to fnuke affustments to 1he system as preparation for 2 second contingency, This
system-adjustment-can not be'simulated by PSS/E or MUST when perforning bulk contingsney
analysis. Withi this limitation fu mitid, fhe ouipul ofthe.stidy was scredned-for fhermat violations
abave 125%,

Table C1-7 shaws some typient thermal averlonds especially on the 100V aud above system, under
category C3 contingencios. Besides the thermal overfoading issues-identified in category C1/C2/CS
contingecies, thetmnal overiaads.are also desntifled in the Turkey River, Beaver Ch./Albany, Tiffin
areas as well as the Dundee - Cogpon 115 BV line,
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Under the C2 cantingensy “ALTW-C-NW-DUNDEE 16] BUS-STUCK BREAKER™, several low
voltage violations ecour onthe 69 kV system-along the Hazleton - Salem lue. This is shown in Table

C.1-8.

UnderC3 automatic double contingencies, severat fow valtage vishations on the 100 kY and above
aystenr aro identified, They are In Savanma/York, Fafefax/Hiawatha, Postvilleareas, fnd along the
Hazleton - Lore 161KV line as well as the:Dundes - Mation 115 £V line. See Table G,

B) 20135 Base Case

Agein, tibles dooument the increased-foadings of facitities beiween the. 2011 and 205 base cases.
Under category CHC/CS conthigencles, the Suleniy 345461 kW transfonmer is imipasted by 17 MW
inthe 201} case compared do.the 2015 base.case-Cwerloads on tlie Huzlotar 16160 kY transformers
and {he Lansing 161/69 KV wansformer are aggravated. The Amold - Fairfax. 161 KV Jive, Qundee
161415 KV transformer are newly overloaded i tiie 2015 caze, Severd! 69 kV fcilifiesare
overloaded in the Postyille, Fairfas/Hinwatha, Tiffin, Braver Ch/Rock-Creek arens and along the
Hozleton - Lore 161 &V fine, See Tiible C.1-10.

Under €3 automatic double contingencies, the Hazleton - fzore 161 kV line, the Dundee - Meron 113
KV fine, the Fairfax/Hizwatiia areq, the Tiffin ares, and the Reck Creek/Beaver Ch. area ste most
impagted by reprosenicd load incrensestin the 2015 base'madal, Sé¢ Table C, 1511,

Underthe C2 contingercy “ALTW-C-NW-DUNDEE 161 BUS -STUCK BREAKER", lowe voltage
violations ogonr ah 69 kV facilities along the Hazleton < Salom Hne. This s shown in Table C.1-12,

Untler-C3 automatic double contingencics, Jow voltages hnthe areas of Savanna/Youk,

FaivfaxHlawatha, and afong the Hazleton - Lore 161KV line and the Dumdes ~ Marion 113 bV Hne
are wost aggravated by ALTW control area load icrease. See Table C.1-13,
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3.2 South-North Traunsfor Impact
3.2.1 Under Normal Conditions
AJ2011 SN Case
irthe 2011 .M Case, the Hezlelon 161769 KV and the Salem.345/161 KV transformets are

overloadsil under nonnal condiftons. See Table C.2-1.

B) 2015 5-K Casze
Not.surprisingly, the Hazicton,_lﬁ 1769 %V and the Salem 245/161 &V transformers:are more
overleaded undes nonndl conditlans:1d 2015, Mo ofhercanstralnts are identified,

Two new low bus valiegesat bus “RICE 8" and “PFEILRES” ar identified, SecTalile C.2:3,

3,22 Under Category B:Contingencies
Tn both the 2011 and 2015 8-X.cases, under-different category B contingencles, the Salem 3457161

KV transforinerhas up to a 5.6% TDF impact-with respect o the'soush-norih transfer, Alse, tive
Albany - Savanna 161 XV line, the Bysast - Washibum: 161 KV Vine, the Tifin - Arnold 345 0 line,
the E Calanus - Maquoketa 161 KV ling, the SWAMPFXT - Dundee.115 ¥V, the-Galena 161/80 £V
transformer, the Salem/Lore-and Fairfax/Hinwaths areas-are overloaded., See Table C.2+4,

There sre no-veltage violations.ander category B contingoeneies inthe 2011 SN transfer-case. But in
the 2015 8- iransfer case, three low voltage vidlations ocour st-buses "SALEM 3 345", "ROCK
CK3 345", and "PFEILRES62.0", see Tabls 25

3.2.3 Under Category C Cantingencies
Under category C contingenoies, the Salem transfosmers, the Hazleton transTormers, the Albany -

Savanna 167 KV line, the Dysart-« Washbum 161 kV line, the ‘Eiffin- Arneld 3451V fine, the B
Calamus - Magquoketa 161 KV line, the SWAMPEXY - Dundes 115 KV Jine, and the SalonyLore,
Hezletan, and Faitfax/THawatha areas arc overloaded. Alse the'Quad Cilies/Rock Creek Jine is
improted by a 14.2% TDF undor sauth-north fransfer. Ses"Table C.2-6 fortypical therma? constraints:
targely impasted by SN transfer in 2011,

Under category € coritingsncies, low voltage violatfons are observed i the Lansing, Salem/Lore,
Roek Creek, Frirfax/Hinwatha, Postville, aod Galena aveas as well.as areas along the Hazleton —
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Salemn aiid Boriram - Maquokeia Jiites with upte a 4.6% contingeney vollage decresse under south-
north transfer. See Table:C.257,
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3.3 East-West Transfer Impact

3.3.1 Under Norma! Coirdifions
A}2011 B-W Case

Inthe 207 B-W cass, the Sulem 3435/161 IV transformer is overloaded at 195% under normal
conditions. Ses Table C.341,

B)2015 E-W Case
Besides the Salem 345/561 1V vansformer overload, one of the Hazleton 16162 KV-transformors Is
alse overfozded in 2015, See Table:C 3.3,

One new low bus.vollage atbus “FFEILRES" fs identified, Ses Table C.3:4,

3.3.2 Under Category B Contmgenc:es
in both-the 2011 and 2035 E-W cases, under different category’B contlhgencies, the Salem 345/16}

kVitsansformer has up to 4.0% TDF{ -impatt with east-west transfey, Afsy, theSalem/Lare aren, the B
Catamus -Maquoketz 161 k¥ Tino, and the Yoik- Savanna 161XV line aré:oveiloaded. Sec Table
C3-5,

Thereis no voltage-violation under category B contingencies in.2041-E-W transfer case. But jn 2018
B-W wansfer case, two fow volisge violations at buses “SALEM 3 35" and “PREILRES69,0" ata
identified, see’ Tabile C,3-6,

33.3 UnderCafegozy C Contingencies
Besides the impaet f B-W transfers on the Silem. 345461 v transfornier, under category C

coningeneies, the Salem/Lore ares, the Rock Creek/Quad Cities ares, the Rock Cresk - E Catamus
16% kV ling, the B Calamus «Maquoketa 161 kV line, the York- Savannd 16} KV line, the Hazloton -
Biackhawk 161 &V Thne ere pyerloaded, Patficulady, the Qued CitlesRock Cresk lne is impacted by
19.3% TDF undera catogory C contingency withrespect-to the eastowest fransfér, Table':257 shows
typloal thermal violalions under eategory Creontingencies impacted by the B-W transfer in 2015.

Urider category C contingensies, low voltage vidlations.are observed In the SalemfLore, Rock Cresk,
Fairfaw/Biawatha, Postville, and Calena aress as well as buses along the York - Savanna Hine and the
Bertram - Dundee ine, with up to 1 3.6% valtage impact under B-W transfer, Table C.3-8 lists typical
vollage violations under category C contingencies largely impacted by E-W !rﬁnsf‘cr in2015,
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3.4 -Empacts on Elowgates
To-creats the heavy transfer models, diffsrent incremental transfers from Bast{N 1} 1o West {(\WAPA,

NEPD, OFFD) or from-South (AMRN, N1y to Morth (XCEL, MP, OTP} were applied to the 2011 or
2015, base models. They:are Hsted in-Table 6

Frenler Mudet h‘mivklr'dié!-’] MR front Corrajoutiing Bass A wlel (NIW]
20H EAY ‘ 1HEs

2SN TN

0I5 EY 20368

H55-H 8

Table 6rIncremental Transfer to Crente Heavy Transier Models
These finpacts to' lowgates as-asesull of these transfers dre Hsted in Appendix T

ALTW load increase between 2011 and 2015 years also Has impaet on the flowgates as Hsted in
Appendix D,

Based on the flowgate impact analysis, & few importani notes ave;

L. The east-west transfer ke mast impact.on flowgates “3705_Arnold-Hazelion 345 for Wemp-
Paddock 345", “3705b_Arnold-Hazelton 345 for-Wemp-Rockdale 345" and “3715_Quad Cltles-Rook
Creek 345/MEC Cordova:Sub 38%, The Transfer Disteibulion Factors {TDF) are all about T%;

2. The souih-north-transfer hasthe wost impact on flowgates 3705 _Amold-Hazelton 345 for Wemp-
Paddock 345" and "-3-7051:~mém1‘:3415’:«»!:01: 345 for Wemp-Rockdrle- 345", The TOF are all about
%, .

3. Both:the east-west transfer and south-north transfers have abent fhe same (196) TDF impacton
Quad Cities-Raok-Creek flowgate, butsoulisnorih. transfer has.more impacton Asaoli-Hazleton
Hlowgatesy
4. Both eastswest and south-north-fransfers have more than 3% ‘TOF on all flowgates with.the Safem
3451161 wansformer as a-monitored elenont, where some oFthese. Rlowgates are overloaded fnall
these fransfer cases, The south-north teansfer has more impact on Salom 3457161 transformer than

the sasi-west fransfer;

Ahbes I bt sk Bran saems By e et b, R
203 Chty Center Drive Corunel, IN 46032 1125 Enerpy Pork Drive $t Paul, MN 5310%
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3. Flowgate “3725_Sub 56(Davnptt-B.Calamivs1 63 for Quad«RockCr345 is overloaded in alt
transfer vases except 201 ] E<W transfer casa. The southsnorih:transfer has 1% more Impact.on this
Rowgate than the eastavest transfer, hut both transfors-have loas thaw 3% TDF ox tiis flowgate;

6. Fowgate “3728_Dysart-Washburn 161 for' D, Amoid-Hazglefon 345" s overlodded in the 2011 -and
2015 south-nerth fransfeccases, The south-north transfer has a 6.4% TDF on This flowgate.

7. The 10%-ALTW controbarea load frerease has the most Impeck (28,1 MW) on flowgate
"3715_Quad.Cities-Roek Creek 343/MEC Cordova-Sub 19", 1t also has nore than: a 10 MW Impact
an floWgates ¥3725_Sub 56{Davnprty-E.Calamusi6 for Quad-RockCr345%, #3716 :Rock Creek
345/161 TR for Quad-Sutb-91 345 .and several-Salem 345/161 transfonner flowgutes.
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3.5 First Contingency-Ineremental Transfer Capacity- (FCITC)
FCITC iscalenlated by comparing a particular-branch leading under the:same-contingzncy between

the transfercase and base.case under system intact and extegory B contingsncles. The final FCITC is
the minimum value.ofthese caleulared FCITC valnas, No:category C contingencies will be
vonsidered it FGITC enlculation. To:more nceurisly tapture transfor inpect, 8 294 TDF cub-offis
adopted, L.e.,, FCITC Is-only caleulated when the branch under the contingeney has at least 2% TRF

value forthe transfer,

For example, iFbrandh A {emergency raling is 2000:MVA) is foaded.at 1900 MVA under
contingency B in 2017 base case, and it {s loaded at 2108 MV A under thesame comtingenoy fn 2015
SN transfer case (5-N inereinenidl fransfor level is 1579:8 3 W-as-shown (i Table®), the Transter
Distribwtion-Factor-for branch A-unider.confinpency B with 1879.8 south-nortl; transfer Is-caloilated
as:
. 21001900
1879.8
The-particular FCITC, for branch-A under contingensy B is:

porre, = 20021900 4 60 <34
10.6
Sothe finat FCITC for 2011 S~N fransfer-study should be:

FCITC = Min(FCITC )

bF * 100 =10.6%

3.5.1 FCITC Caleulation in 2011 Year

B 2017 year FCITC caloulation, the most constrained facility: fs the Salew 3457161 transformer under
“bafty e soutf-north ransfer-anid eastavest ransfor. The FCITC for 2011 8-N transfer is 757 MW,
and the FCITC for. 2011 E-W transfer is 8.2 MW, The sevond mest-constraiued fasility is the Kemér
5+ 8™ 8¢, 161 KV line under-both transfers. I the Safem transformer constraint could be fosdlved, the
FCETC undar 8-N transfer would be 9973 MW due fo.Kerper 5+ 8% St 161 k¥ line constraing, snd
the FCITC under E-W transfor would be 1697.4 MW due to the.same constraint. See Tabies B.1 and
E.2 in Appendix E-for some fypical consieaints, The same constraint under different-contingencles i
only listed ono time in the Tables,

Medwsd Idepeinkens Drasmnseant s s Uperatan
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The constraints to: prevent Incremental transfar from south to north vre the Arnold - Tiffin-345 BV
ling, the:Dysart - Washbur 161 kV line, fhie York - Savanna 161 &V ling, the Genoa ~Lac Taps 161

KV line,.as well as the SalenyLore and E'Calunusaress.

The munber of consteaints to prevent.inorementaltransfer from-east to west is fewer than that in SN

transfer. Thase consirafnts ate in Salew/hore area and E Crlamus - Maquoketa 161 k¥ line:

3,52 FCITC Caleulation in2015 Vear
In 2015 year FCITC calculation, the most constrained fagility is stiff the Salem 345/161 kY

transformer bothander soutisaorihitransfor and esstwest transfer, The FEITC values:for 2015 year
are negative underboly &N transfor and B-W ttansfor. See TablesiB3 and B4 in Appeniliz B,

Fhe constrainls to provent incrementsl $-N and E-W-tearisfers in 2075 yearre shnilar 4o those in

2011 year,
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4. MISG Market Wide Analysis

Under MISO market operation, generation offered inio the MISO market Is committed.and dispatehed
based o Security Constrained Bconomic Bispateh {SCED) vule: The PROMOD analysis is based on
a simulation of eleciric systeim operations and reglonal power matkets using the PROMOD V@
produation costing and potver flow model. The morde] was usett to project houily protluction costs,

generation revenue, ourly load LMP and hourly loading profiles of major transmission lives.

PROMOR IV® includes anhourly clvonological dispateh algorithny that- minimizes costs while
simultaneously adhering to a wide varlery of aparating: constraints, PROMOD 1V® integrates
chronological production costing and detniled power flow analysis, The modelrepresents power
system aperailons in-the Eastern Interconnest, which includes representations of the operation. ofthe
5,000 generating units that are-| KW or lorger, 48,000 transmission buses and 50,000 transmission
fines. The made! caleulatos and car treck location-speeific, hourly prices for up to 8,000 specific

locations.

The mode] eaptures the dynamics of the marketplace through its ability to determine the &ffects of
transinission conpestion,fuel costs, generator-avaliability, bidding behavicur and lead growth on:
market prices. PROMODIV® performs an $760-howe commitment and dispatel recopnizing bath
genertion and Iransmission Impeets ai the bus-bar (nodal} level, PROMOD IV forecasts hourly
energy prices, unit generatlon, revenues and fuel consumption, Bus-bar and: zondl eneigy market

prices, sxternal matket transactions, transnsission flows, Josses and congestion prices.

Seane Jines are overioaded for different hours in PROMOD 8760%hr simuiation with Security

Constrained Economic Dispatch (SCED). These lites are mainly:

1}Gordova - Nelson 345 kV fine being constrained for 1013 hirs, about 1/8 thne of a-vear
2) Genos - Lac Tap 161 kV line being consirained for 600 hrs, about 6.8% timeofa year
3} Dysant - Washburn 161 KV {ime belnp constrained for 116 lus

4} Dundee 161/1 £5 KV transformer being constrained for 48 hs

5} E Calaimus - Davenport 161 kV line being constrained for 48 hrs

6} Galena 161469 kV #1 transformer being constrained for 41 lus

Overloaded fines under §760-hr SCED dispaich are shown in Table 7,
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rligh shadtow price flowgates with $ 1k andt 1ip ere showri.in Table §, These flowgates are:

1)3428_Galesburg 161/138 Xfim #2.flo Electric Tet.-Nelson B 345, anaual shadow price Is 448,99 K3
2) 3264 MNelson-Nelson RT FLONelson-Dixon B,.2nnual shadow price is 84.94 K§
3Y505_Cordova-MNelson (15503) 345 KV line-Vo Quad Citles-FA47! 345 XV Hisg, snnual shattow-price
is 19:3-KE '

4} 6085_Genor-Coulee 161 {flo} Genaa-Loke Tag-Mardhledd 151, annual shadow pricos 1443 K8
5)4488_Torkey River-Cassvills Y¢1.(flo) Wemplétown-Paddook 345 + Op Guide, anmiai shadow
price is 3,50°K$

6) 3712_Dundee 161-1 15 for Amold:Hazleton 345KV, annual shadow price is 3,54 K&
7}6148_Qenod-LaCrosse-Marshiand flo'Genoa-Coules, annnal shadow price is 2,06 XS
8)3227_040% Quad-HAT! for 15503-CordeNelson, anniial shadow price is L26KS

Pege 34




BOISE B IR 15 a3y Kz 57|

UM R VA

S A L N G N duplaiply B g

TECGD Ni '(FRURY AL ralea QB0 (0L

) dn pre o | auy IF19.1L DA Basof naaysEy w seMoLy pepied)suory g FIYEL

foz " o s il b | sleeie ‘St vl esese T - L ovno

o'z izt o s Qr L lEEye a2 SuepL  por s Sdv.L TvIEzSED 5 YONTD

vse L Lge shee iy o MT a.x,‘n. N R -~

sse e o o o g __slege- I ) eos6s | sTussvoksove | snainn

lsroe £5y o § i ez ..mWn.&, ©ieay b lzoras | smomookess § s wonzo

a2} e i _ i 5z SEBL o o fester | sosEnkeze | gioowan

V5 b s o s oif erags- Slosrap e T ._.m“cw.,_wzmmnﬁn Hi08E

i56'2ir 208 4 Lm_.o. ) o Q5L 55y Sifpios sz swer  [owasTivelies | swagervo

] QUM S ) T R — RS [NUUN RN U —— ]
o ol s g THAL MY ] ey Sonddbon v Qisng: e el Gisng  awen sng)
i S0, j# SO [8104] AV 30i4el I} IORIS ALVAMCTS SUOOH| LV 20t OAY] UVIMOTE 0 WS SUNOH org od o
wuBmop oo + Rre - 1 LS § ...
. ERT N _ . LNV LSNOD
Q808 AOWOHJ Ppan SIR0)y A0} PIPTOLIIAQ SINUDTS TMOY ISR 1, dany
¥ L] e I8 B - 6 SRR 1 b ISR 1313 ‘I Bt [T K1 §Y Q0e ghos woune
L E BN R - R ip . - e
A Ty to - . ] . ' _ . - . Snou
©5Z ¥0% pivEd e - o R i -F3 vz - 25T %4 o e N I ES o -4 | nESL SNLLYY
T T T e 3 T 3 D X N "t T T T Tt e]
MONENVT | 5 ¥OINSS | STHAGYS ANRRATH {ANRE | CAIG AL | SNRLIEYH | SHSTIM | Vel ORN eunas | P4 OB | [SNONIT | SNaBHEGR | SaVIOVI | T EN [T SS
[LoE L0309 ' Cosey 9ELED - 9Tiey: EECYE [T oLFE - | QZOBE . ST TR §9ZrR SES6R THGT [sIN
§ VONIS | & YONRES SAM ML | SANOWHYH mr.to.u.‘mdz £ 30T | eNRTRYH € ST 191 Jan 5 SLAMNAYD | & I&..QZ..JD 51NVSAG SYONID | BIOANOT | T S0E
- NS .
EZSEY TLSER ELOPE LTS69 - hwmmw HZOE ELGHC 05E¥9 GLOEE sosi W&g S5 180ye TI5ES ragge oud
L e
f.genmwg 3
e
“Rmod abpuow 3 .nfnwmm?

D51 IsOMPILY



Misestise

Wemanogepower,

5. Eastern fowa Study Findings

Based on the- AC contingency analysis, Rowgate impact study, FCITC ealevintion, arid MISO marke:
wifle PROMOD analysis, ftere ate the {indings in sastern Towa systein:

§) Atsysiemsintact conditions, fow voltage violations-are found at HOPRECS and SANDSPRESO kY
buses;

2¥ Under category B contingencies, thormat vivlattons areTound in the:Hezleton 3457161 and. 161769
kW transformers, tie Salem 3857161 KV transformer, the Dundes 1617715k y teansformer, the
Faicfax/Hiswatha-and Postuille areas, There Is no voltage vfaiaﬁﬂon smder category' B contingentles;
3¥ Under calegory- CHCY/CS comingenciﬁs,\thermai.vioiatloné are found infhe Hazleton 161762kV
transformers, the'Salém 345/161 KV transformer, the Lansing 161768 k¥ transforener, the Amnolil-
Fairfax 161 KV lige, and the Dondes 161/145:kV wansformer, Severn] 69 XV thenna! violations ate.
found in the FairfmeHiawatha, Postville, Salemfiore, THIIn and Beaver: Ch,Mock Creek areqs, as
well as along Harleton - Lore line. Under the G2 contingency “ALTW-C-NW-DUNDEE 16! BUS-
STUCK BREAKERY, several low voliage vielations are [dentified 3n-69:5V- buses along Hazleton -
“Lore Hipe; ‘

4) Besites thernnl vislations ideniified incategory CH/C2/CS contingencies, inder category- C3
aomatic double-confingencies newly.overloaded facklities.are identified in the Marion - Durndee
Y5V Hneand In.the Turkey River, Beaver Ch/Albany and Tiffin avens. Low-vollage vielations are
found en the Yok - Savannd 161 &V line, the Marion - Dundeo FES ¥V ino,.in The Fafrfax/Hiawatha
and Postville areas, and on some-69 kV buses-along Hazleton ~ Lore Jine;

5) The 10% ALTW load increase in 2015 has-significant impuct-on Salem 3457161 M tansformey,
the-Marion - Dundee 115k fine, the York ~Savanma 161 kV Hne, the Hiswatha/Fairfax sid Roek
Creak/Beaver Ch, areas, and-afso along the Hazleton - Lore ling;

6) The south=north ransfer hag-signiflcant impact on the Satem 3457161 kY tenslorme,-the Albany «
Snvanna 161KV line, the Dysart - Washbum 161 ¥V Y, the Tiffin - Arnold 345 kV fine, e
Catamus < Maguoketa 161 KV ling, the Marlon - Prandes- 115 kV tne, the Galens. 16169 KV
transformes, the Salern/Lore.aren, the Haziston, Quad Cilies/Rock Creek-mid Fairfan/Hiawatha areas;
7} The east-wast transfer kas siguificantmpact onthe Salem 345/161 kY transformer, the E Calamus
~ Maquoketd 161 £V fing, the York - Savanna 161 KV ling, the Rock Creek - B Calamus 161 kV line,

Mulueal hefependent Binmantfon Siaws Qprralus. e
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the Hazlston- Blackhawk 161 KV line, end the Salem/Lore; Quad Citles/Rock Creek and
Fairfax/Hiawatha aress;

§) The 8- fransfer hias wp'fo 5:6% TDF impact on the Safern 3457161 KV transformer, compiired
with 4.0% TDF impact with E-W transfer;

9} Both the-E-W and §-N transfers have the greatest-impact.on flowgates "3705_Amold-Hazelton
345 Fot Wemp-Paddock 343", “37035b_Arndld-Hazelion 345 for Wemp-Rockdale 345”3718 _Quad
Cities-Rock Creek 345/MEC Cordova-Sub-39", The TDF are all.aboul 7%:

1)) Both E«W and'S-N transfers ave more thar. 3% ‘FDF on:the Salem 3457161 flowgates, The 8N
transfer hasmore fmpact than the B-W transfer

1§} The 8% ALTW foad increase hias most impact {28.1 MW) on flowgate “3715_Quad Cilies-Rock
Creek 345/MEC Cordova-Sub 39";

12) For both S:N-and B-W FCITC caloulations, the Salem 3457161 kY transformer is the.most
Iimidng-elemént; ) .

13} SN transfer has-most impact-on Hills - Sub'T 345 KV 1iné.{22,3% TDF}, fhe Atnold - Bazlelon
5KV line (18.7% TDF), and Arnold - Tiffin 345:kY line (16.8% TDF),

14} B MISO market wide analysis, the most constrained facifities are fhe Cordova ~ Nelson 343 kY
Hne, the Genoa - Las Tap 161 &V lng, the Dyseet - Washburn 161 KV line, the Dundee. 1617115 kV
transformer, andthe E'Calanus - Davenport 161 kV i

15} Correspondiigly, easter Jowa flowgates wilh monftored-branches-of Cordova - Nelson, Genoa -
Coulee, Turkey River - Cassville, Dundee 161/115 kV transformer, Genoa~ Lac Tup, Quad.Ciiles -
H471 have more than 31K total flovwgate price,

Figare 5-shows the geographic locations of all the abovc-idetltiﬁ;:d-system issues (thermal
overloading o low voltage violation) in eastern Towa.system, I this-dlagram, il represents kssues
ldenified intho 20% 1/201 5 summer peak-hase case, and wroan represents issues only vceuring in the
heavy §-N or B-W iransfer scenarios. Circles. represent areas With several identified constraints, end

Hines roprasent branches with overleading and/er low voitage fssues,

Figure 5 shows that system issues are widsly spread In-eastern Jows systam. Also itis nofed that
although most of issues (red) ocour In 201172015 summer peak base cases, some oftissuss {ureen) ars
only identified in S-N or B-W heavy transfer seenarios, When system vellability solutions are bsing
developed, lond serving lssues in base oase (2011/2015 senmer peak base case) ate mainly focused,
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Wwhile.5<N or B-W transfer impact and load growth tinpact are olosely monftered. The branches with

overloading only in transfer svenarios are listed in Table 9 with some typical overleading-examples.
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Figure 5: Geographic Locations of Identified System Tssues in Bastern Jowa
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6. Solution Development and:Comparison
All the identified system fssues in eastern-lowa systeirare addressed jn this Chaptor. The passible

sclutions for thess issues coulid be

L. Modef correctian;

2, Generalion redispatch;

3. Interruptibleoad:

4. System reconfigurstion;

5 Possifile and praoticable load shedding;

&. Futee facility upgrades, incloding eansmission/transformar/terminal equipmentfshunt capaciter

{ete.) upgrades, or future generation addition.

6.1 Proposed Solutions

6.1.1 Model Corrections
After reviewlng ihe AC.contingency analysis resulls, Fusther morlel errors were identificd and

carrecied. These corréctions inslude;

1 Comeet load “15™ &t 34.5 KV bus “SANDSPRS from P = {2.9 MW, Q=87 MW to P = 12.7:MW,
Q=4.5MW in 201 1 base-modet: THis eliminates the two fow voltage violations at huses
“HOPRECS” and “SANDSPRS"™ under system normal conditions;

2. Correot-rlings of' 69 KV line “POSTVIPS” - “POST (31444 +63748) fom 252810 45/45 ™MVA;
3, Correctrafings of 115 kV Jine “TUNDEE 77 - "COGGON 70 (34133 - 34131) from 60760 to0 75/75

MVA;
4. Corraok miings of Y611 {5V transformar “OUNDEE 5" - “DUNDBE-7"{34135 - 34133} from
56/56 16 75475, f

3. Comeot 69 k¥ Hine “NO LIBER” - “NO LIBR (34856 - 34752y from normally oloseit In the mode!
to normally open. This wilksffect thermal loading results in the Cedar Raplds araa o soms degres,

6.1.2 Initial Bacility Upgrade Proposals
Based on the inilial AC contingeney anaiysis, flowgate impact study, PCITC calewlations, and MISO

masket wide PROMOD enalysis, the following system Issues may only be addrassed by faoility

Mishwest Endepeadest e insssian Syeston Ciperaine, Ire
0} Ciuy-Center Drive Cormal, IN 46032 125 Enecgy Patk Drive St Paul, MM 55108
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-upgrads solutions dire 10-their overlonding lsvals and the impaot of SN and E-W tansfers and Joad
growthy

1. Overfoading on two Hazleton 161769 kV transformers usider vatégory 4, B & Cconlingencies:
2. Overloading on Salem 345/16} kV transfonmer under category Brand C contingsncies;

3, Overloading on Hazleton 343/161 KV #1 transformer (224 MVA}under-categmy-B and G
contingencies;

4, Ovetloadingin thoFairfx/Fiawitha area undef category'B & C contingencies;

5. Gvertoading in the-Lore/8® 8¢/ Tutkey River areas under-category C contingencies;

&, Ovcr]oading-pni Marion < Swampf? — Coggon - Dondee 115KV line underentegory C
contingeneies;

7-Overlonding on E-Calamus - Rock Creek 165kV line indor category C sontirigenoies;

8, Overloading Tn-Beaver ChifAtbany area under category C contingensies;:

9. Oveiltoading on Roek-Ck 345/161 KV transfonner under category C continpsnties;

10, Overloading on-Beaver Ch, —'York - Savanna 161 kY line under category C eontingensies;
1L, Low voltage vielutions i the Beaver Gha/York/Savanna areas under calegory Creontingensies -
especiibly in heavy transfor scenatios;

12, Low-voliage vidlations in the Falrfax/Hinwatha areas under category C conti ngoneies;

13, Low veltage-viokations i the Dundee/Liberty aréas-under cotegory. C contingenoies;

14, Low voltage violations-at Saternand Roek Gk underheavy transfors forcategory B &-C
contingencies:

To address the above sasternTowa system:dssues, the fallowlng four fronsmission options are:
proposed-and their perforances arve.compared:

Option 1+ New Haziefon = Salem 345 kV line witlra second Salem 345461 1V transformer;
Option 2: New Hazletor ~ Lore - Batemn 345 %V Hne witl a'Lore 3457161 &V Iransformer;
Option 3:'New Cassville - Liberty 161 kV Tine;

Option-4 New Hazleton - Salem 161 RV line;

Besides these fouroptions, the fallowing twe facillty upgeades are dlso proposed and addad;

1. Replace-two Hazleton 161/69-kV wansformers, The new recominended ratings are 74.7/75.7 MVA,

This addresses theoverloading problemy. on these two transformers;
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2. To:address the ovesloading problem between Hinwatha and- Coggon, & new 1617115 KV substation
named “Lewis Fields" (bus 34361} is proposed. A new 161 KV line-from “Hiswatha" ta “Lawis
Fields” is fo be built, and thisnew substationIs tapped o the 115 KV Tine between the Swamp Fox
and-Cogan subslations ("SWAMPFXT” - “Coggoi). ‘The.Lewls Fields substation bus will bs
refatively close 1o the Swamp Fox substetion {tap poirital 5% ofthe line distanee hetween Swamp
Fox and Cagéan).

6.1.3 Perfoumance: Comparison amorng Four Options Based.on AC-Contingency
Analysis

AC contingsncy analysisis porformed o the 201! summerpeak base:mode] to compare the four

proposed ransmission options.

1, The foitowing desciibes the resulis swhen comparing option.t (Salem —~ Hazléton 345 KV Line):and
option 2 (Salen —Lore [new 3451361 ¥V sub}— Hazleton 3454V Line)

arOptian’! shows less loading on the Salem:- Rock Ck < Qrad 345 k¥ line, Dundes 1612115 ¥V

trausformer, and Lore ~ Furkey River 1614V fine.

Optiorr2 shows less loading on the'two Hazlefon 345/161 £V tansformers, the Jukian - Salem - S,
Grandview 8" 51, 161 XV lines, the DBQ 8 Street<161/6 KV transforsmer, the Beaver Ch, — Albany-
— Savanna - York 161 KV lines, Hasleton - Dundee 76T kV line and Rook Creek 3451161 kY-

transformer

See Tuble Pl and F.2 in Agppendix E.

by Option Z provides better valtage than option ¥, The 16} ¥V-Dondee bus voltage is. 3:84% higher
and the Postulils 163 KV busvoliage is 0.82% highés than what option 3 can providé under

contingeney. Obsorvation of Tabie F,3 shows thelliis s a significant difference at Dundee, .

¢} Optlon 1 shows significant flowgato reductions across:the LoresTurkey River, Turkey River-
Cassville and Quad Citles —Rock Creék flowgate by 12 to 22% when compared to aplion 2.
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Gption 2 shows significant-flowgate seduction zeross.the Satem — luliay, 8" Street - Kerper,
Hazleton 345/161 &V Xfuir, Satem 345/161 kV Xnifr and Rook Greek 335/161 kV Xfinr by 3.5 =
95.5%-comparedto ojitiont,

There are no everloaded flowgatesin either option 1 aroption 2. See Talile 4 for the complete
listing.

The following observations:ate afeo Hsted:

&f The fimitation.on Salein - Raock Ck - Quad Cilies 345 kY Yine is due to C1's and dosiducior Inside
the substations, The linezonductor rating is 1246 MVA. 1 shoild be-a retlvely inexpensive upgrade
to gat a significantly higher mting on this fine. So foravelatively small-amount of monsy -spanf o
substation upgrades z noticeable benefit of option | can benitigated Foptlon 2 s pursued,

) TheSimitalion on Julian — Salewm - 8. Grandview --8% 81, - DBQ 28 1611V line is dueto
condueter rating fretween {liese substations. So it will'be-expentive fo upgrade this 161 ¥V tine:
Option 2 dramatically fowers the Rows oz these flowgates aver optior 1.

o}-L.oading on the two Havletor 345/161 KV -transformers is fower with option 2, Since Hazleton.#1
teansformer will be replaced anyway due to jts overloading isswes itdoes miligate somewhas the
beneflts of option 2, Having sald that, optien 2 is stilf 4 benefit to help reduce the Hazleton #2
transformer leading,

d} lsoading.on the Beaver Ch. —Albany ~ Savarna - York 6T KV lines is lowar with-option 2. The
Beaver Ch. - Atbany 161 KV line is mted 8t 223 MVA and Emited by tertninal equipment {CT, wave
rap, and some substation jumpers}, The line conductor rating is 248 MVA. The Albany - York 161
KV line Is rated at 200 MVA. and limited by the Thie- conductor. The Savania+ York 161 %V line is
rated at 167 MVA-and liﬁ:ite‘d'by {erninal eguipment (CT, switch, wave trap, and-some substation
conductor, The Hie condusior rating is 200-MVA. So the lower line load ing provided by sptien 2 33
beneficial, See Yables'F.I and F.2,

€) Voltage improvement-on 161 kY "Dundee” bus witk option 2 is also-beneficlal as show in Table
Fi3

BFlowgate performance with epfion 2 is better than option 1 especlaily for the Salem — Julien and *
“8t. - Kerper flowgates as shown in Table F.4;

£) Loading on Lore - Turkey River 16} XY Jine with option 7 is Jower, This Yre Is rated:at 200 MYA
and limited by Tine conductor. With the second Wemplétown - Paddock 345 kV line in service In
2005 the overfoading of the Lore - Turkey River line for loss of Wemplotawn ~ Rockdale or

Pageds




Midwest Independent Transnslssion System-Operator, e,

Wempletown - Paddock 345 kY Jine is mitigated. Evenso opHion ¥ is still beneficial aver option2

under this condition,

Overall, option 2 is generally a better safutlon than option | biised o the above comiparisons and
observations. Alio the cost-of ather impacted follow-up facifity upgeides by aption 2-is-Jess,

Fupthermaore, pecformance of an option 1A is-also fnvestigated. Opfion T4 s a variant of eption 1,
Instend: af’instaiifhg-a second Salem 3457161 kV transformer, the presexisting Satem transformer will
be replacod-by a larger transformer-(ratingsas 448/448 MVA) hw optiont A, None-df the overioads
Julian — Salein - §. Gravidview - 8% St. - DBQ 8% under option 1-is catsed by any. contingency
involving-Salem transformer, so the performance on Ditbuque 161 &V systemn is the same bebween

option ] and 1A,

Giverifiat thix biggest advantage of option 2 15 fhio mugh fess loading it Dubnaute 161 &V systfem,-and
thet option A has.tle same/similar performance as-option I, option 2 fs also befter than option 1A.

2, The following deseribes the:results when comparing option 1 (Safem -~ Hazleton 345 kV Line)
and option 3 (Cassville - Liberty 161 £V Ling).or 4 (Safem — Hazleton 1614V Line,

With option.3 ami other two faeitify upgrades (replacement of two Hazleton 161/69 Y transformers,
and htlding & new Lewis Fields61/115 kV substation-and a new 161 kV line from Higwatha to
Lewis Fields)amentioned in section 6.1.2, thermal Joading ontypical branches is shown in Table F.5,

Some importani notes are:

&) With-Hazleron 3457181 kV #1 transformer replacementand installation of o secand Salem 3457161
KV transformner; there will be no thasmal/voliags violatien under categary:B.4& C contingensivs
{except-C3) for 2013 summer peak base case;

b} The-overfoading or potential overfodding on the E: Calamus - Roek Creek 161 &V itne is not
mitigated:by option 3;

¢} The overteading or potential overloading on Davenport - Maquokets 161 kY line is:not mitigated
by option 3;

d} The overloading or patential overloading on 161 KV system t-the Dubuque 8™ St area fs not

mifigated by oplion 3;
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&) The Heeleton 345716 { kY #2 transformer will be potentinlly overlonded;

f) The Beavar Ch, - Albany -York < Savanna 161 1V line will sfill be overloaded updercategory C
conijngencies;

g) Coggon —Dundee 115KV line wili sill be overloaded under category C confingencies;

k) Oveiloading Ju the Faitlax/Hinwatha area is yot niftigated by option 3.

TableF.6 compares overloads between option 3-and option £, The major différences are:

) Gi)!ion 1 only mitipates:some loeal Tssues inthe Cassville/Turkey Riverf!.‘.ibe{tyareas.'6piion‘1
witigates not-only. the system issties along-Hazleton - Salen line but also ovelloading dssues on the B,
Calamus - Rosk Creek 161 kV line, the Davenport-Maquoketa 161 kV live, ond the Coggon—
Dundee HEF KV line, Option § alse mitigates the overioading issues on the-Beaver Ch, — Albany.
Yori « Savanna 61 kV-line; :

B) Furthenmore, if option 2-is chosen, 1 will alse mitizate the: 161 &V-system fssues in the.Dubnque
&gt ares)

¢} For option 3, the second Sateni3457161 kV transformer will still need to be added, or the pre-
existing wransformer wikl stil lrave.to be replaced by a larger one-(448/448. MV A),

Comparing:-optiott 3.with optlon | or:Z,and considering ihe frpact frony east-west and south-north

wansfers-aind load growth, option 3 s not a reliable option.

System.performance of option 4 is quite similarto that of option.3. The delails.are skipped here,

6.1.4 Tnterruptible Loads Solution
Acsording 1o NERC planiing sriteris, category C violdlions aliows for the. contrelied inteeruption of

cleciric supply te customers.(Joad shedding), the plannedremoval from service ofceriain geneiaton,

and/or the curtaiiment 'of canteasted Finm electric power transfors,

Besides transmisston eption 2, replacement of twa Hazlston J61/69 kV-transformers, and building
Lewis Fields 161 KV stbsiation and new 115 kV line fromm Lewis Fields to SwampPox nienlioned in
Seetion 6,1.2; applicability and feasibillty ofrclying on interouptible loads {laads which have conract
to bo intercupted i needed) and generation redispatel are first invesiigated for remaining category ©

contingenoy (especially C3 double contingenaies) violations identified in castorn fowa system, If
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interruptlble toad shedding-and generation redispateh are not siffisient 1o mitigate e category. C
contingency violations, and lond shedding is not:applicable to miligate-the overioads, transmission

projects willbefurther:proposed.

Some-of the major inferroptiblé loads mainly located in the areas of Fairfax Hizwatha, 8% SLOBQ
arefistéd in Table 30,

PRORKIG | DEVERLIG | WMSRGY | MULCRKS | OAIRIDGE | CHTHRGRY | BAWATAD | JOBERR ’
BUSE AUS-# - 31002 - 34160 - 34483 ~34337 - 34760 ~3%027 - 34142 -| - 34468
inferrzpilble f
14w 5.8 124 27 28 KA 25 R+ N -

Tablet0: Majorinterruptible Loa0s in- Enstors Towa

Table @1 Hsts somutypical identified systent {ssues after includiigroption 1 and two-ather proposed
taciity upgrades listed inseclion.6.1.2. T this fable, we oan see this. main issues.ase it the areasof
FairfrodH iawat’ha,- 8% SE/DBQ. Also the last colimn “Initerraplible Load Reller lists:the marinmm
loaiting refief fram eighit mujor interraptible loatls:for these identified thermal overloading issues, Tt is

caloitateéd:based omsensitivities on an identiffed-constealnit by interruptible Joad shedding,

From Table G.1, it is demonsirated that-it-is not feasible and sufficient torely on these interruptible

lowds fer mitigating the-identified thermal overioeding profilems,

6.1.5 Generation Redispateh Solution

The.Generation redispatch sofufion is-also investigated for remaining eategory C conlingency

violations imeastern Towa,

Generatossin ALTW, ALTE, and.MGE are inclutied for sensiitvity analysis on Lhe total 72 dentified
constraints-afies adding-option | antl the.two facliity vpgrades Histedin-sustion 6.1.2, Onfy phnerators
with sensitlvity values wore thais 2% un 4 eonsiuint ure considered 1o be sedispached for this
constraint mitigation. Table'G,2 fists-these 72 identified consiraints, the maximum Toading refief
through generation.redispaieh; and whether generation redispatch js applicable 1o mitigate fhe
constraint (foading relief Is significantly Inrgerthan overloading MW), ‘

From Table 3.2, some observattons ave {lsied below:

1. For overldading in the Lansing area under category ‘C3 contingenoies, backing off Lansing
generators ("LANSS 4G22.0%, “LANSS 3G322.0" will provide enough mifigation:
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2. Overloading in-the Fairfax/PCl arca oan nof be mitigated by generaiion redisparch, so further
facility vpgrades are necessary)

3. Overtoading i the Dubuque 8® St area nonmally ean not-be:futly mitigated by redispaiching
"DRG ATHRES.0" generation. Since gption 2 eliminaies thede overloud Sssnes jtis demonstrated jo-be
a bcr(er:suluﬁmt than gpiion | in this regard;

4.-Overloading in Beaver Ch. system under eategory C3 conitingencies ean nonnaly bé miiigated by
backing offi generation of “BVRCHS2G20.0",

6.1.6 System Reconfiguration Solution
Forsome of 69°kV system loading or low voltege.violafions-under category C contingencies, a-

practical way-to-njifigate thesoviolations is fo opent & normally-closed branchior close 2 normaliy-
openbranch, This often done at-the 69 kV loviel, while ensuring itwill not.canse.other viclations.
Table €53 demoustratés.the appHeabllity and feasibility of this system reconfigneation for mitigating
the thereal and voltage vibiations of iese 72 constraints.

6.1.7 Further-Facility Upgrade Praposals

For category C viokations, if gencration redispateli, and/or interruptitile loads, and/ar systemn
reconfigurtion can not mitigate the violations, and i the impacted losds are nat dedipned of allowedt
1o be-shed for whatever reasen, facility upgratdes have to'be-proposed to-address these category-C
viofatlons, Witkrall thls fn minid, analysis shows that the-foltewing addilional feollity upatadesare

proposed:

1. Add a second-Fairfax 161/69 £V transformer. This new transformer has the'same design as the pre-
existing Fatefax #1-transformer and the-ratings are 205205 MVA, Tits second Fairfax transformér
will mitigate the-related ovetioad Issues in the Fairfax/PCI area undercategory C contingeneies;

2. Inthe Frirfax/Hinwaiha area in Cedar Rapids, if the' 161 V. &mold - Fairfex and PCE — Berfram
lines ave-opened, potential voltage callapse Is'indicated and this double contingency is not solved.in
PSSIE. To resdlve this issue, 2 new 345 kV “BEV345T" (34555) substation is.praposed.to be built
and fapped-to the Arnold -Tiffin 345 KV fine. This was modelled to b tapped on the 345XV Hne at
distance & bit closer to Arnold than Tiffin (Armold sub [40% of line)—New 345 kV Sub ~ Tiffin [66%
of line]).-A new 3457161 kV fransformer and a new 161 KV-line will connest this new substationte
Baverly 161 kV bus (34107} '

3. Replace the Hazleton 343/161 &V #{ transformer with the same design as Hazleton 345/161 kV #2
transformer. The new ralings are 3357335 MVA;
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4: Replacs thedlimiting CTs and conductors. inside the substations for Quad Cities - Rock Creck +
Salem 345 KV ines o the fine rafing can be raised {o the same as conduetor rating bhetween these
substations, The new ratings of this 345 kV line will he 124671245 MVA. Upgrade-substation
corduoior so the Rock Creek 3451611V 448 MVA transformer i the imiter:for thisbranch;

5. Under the stuok breaker contingenoy (C2) “ALTW-T-NW-DUNDEE 161 BUS -STUOK
BREAKER” at Dundee 161 %V bus, botlr Dundee-: Liberty and Liberty ~ Lare. S61 £V witi be-telpped
-and Dondee 161 KV bus will bedisconnected: This-is-because there isno breaker at Liberty 16§ bus,
This contingenoy causes a-Jot of low veltage violaiions-and thermal ovetiodding In Dundee and
Liberty 69KV system. To-tesolve this.issue, breakers-ave proposed 16 beinstalled at both ends of
Liberty 161 kV bus. The new “ALTW-C-NW-DUNDEE 16! BUS :STUCK BREAKER”
contingency is-defined ast '

CONTINGENCY "New-ALTW-C-NW-DUNDEE 161 BUS -STUCK BREAKER'
TRIF LINE FROM BUS 34135 TO'BUS 34I26CKT.L ¥ DUNDEE § 161V TO
'LIBERTYS 161KV
DISCOMMNECT BUS 34135 /* DUNDEE 161KV BUS OUTAGE
END

6. Upgrade terminal-equipiient for 69 %V fine KIRK 3P - Fairfax - NURSRYR: {34749 - 34149 -
34896)s0:that Hié ratings are conductor timited to 1037103 MV A betwean stibstations;

7. Upgrade erminal equipment for 115 &V tine Praftic Creck - Marion (3409%-34 103) so that new
Tatings sve conduttor finited 1987198 M¥VA botween substations, Rebuthd 115 k¥ Yine Marlon -
Swémpf}ﬂ ~Coggon fo a 198/198 MVA rating. The presend Jine conductor is Hinlled e 76 MVA;
& Replace Dundee 1617855 KV-(34.435 - 34133) transformer {upgraide CT7s) to'é larger 1127512
WVA.unil. 1 is presently-a 15 MVA ftansformer:

9. Upgrade 6% KY Tine Peosta - Amosoil ~ Lot (34505 « 14460 - 14464) with new ratings as B0/80
MVA. Thisline Is presently limited-to 40 MVA.

6.1.8 Feasibility Study on Building New BEV345T - Reverly 161 kV Line
Tao build anew 345 KV “BEVI45T" substalion which s fapped batween the Amdld — Tiffin 345 KV

ling, & new 3454161 KV transformer, andanew 16} XV line connectin g-from: this nete substation to
Beverly, one rouiing option e fo use The existing Blalvstown — Prairie Cradk 115KV fine Right OF
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Way (ROW), Le., tearing lowr the-old-aged Blairstown— Prairic Creek 115 KV line and building the
.new BEY34ST ~ Beverly 161 kV Tine.

With.atl proposed castern lowa projects added into the 2011 -anid 2615 summer peak base models, DC
centingeney analysis was perfarmed to siudy swhetlier itis. feasiblertouild BEV34ST — Beverly 161
KV line using the ROW of Blairstown — Praitie Criek 115 KV Hne, Two scenarios ave studied and

DUCCrresults are compared, These fwo scenarios are:

Scenaris {1 Blaivstown~ Praivie Gresk 115 XV line is out of servies
Stenario2: Blairstown -~ Praftte Creek: 115 kV line is in service

Branch loadings under aif category A, Bund C contingenties arecompared benween tiese fwo
seenarios. Table G1.7 and G1.2 in Appendix G1 Hist alt branches with Joading changes more than 5%
of rating i 201 t-and 2615 sumimer peak-base models with all proposed eastem lowa projects
indluded, Some notes are disted from this comparison:

1. if Blairstown-Prairie Creek 115 kV iine Iz eucof service, Joadings on Prairis Ck — Berfram 15 kV
line, Prairie Ck ~ Marion 15 kV Hue, Ston PT ~ 61h:St 115 KV line, Ston PT ~ Prairfe Ck 115.LY Hae
are incveased by-5% ~20% af rated values wnder different category C3 conilingencies compared with
these with Blalrstown-Prairle Cresk 115 KV Fine in-service;

2. Gvetlonds were found.ou Praiiic Ck— Betteam [15 KV fine; Ston PT - Praivle Gk 545 KV fine
under calegory C3 contingentles;

3.5ton PT 6tk 8t 115kV line is foaded-at maxinunt $9% underC3 contingency.

A, All thiee 115 kY Hines of Prairie Ck — Berteam, Sion PT — Prairle.Ck, snd Slon PT -+ 6th St have
Iinesnge 785 ACSR condudtor whith is rated at 197-MYA. Currently these three lines lave lower
ralings limited by substation conducior, Jushould be relatively inexpensive to replace Himiting
sibstation-conductor-and raise the rafings of these threelines 1o 187 MVA, -which je.sufficient forall
eategory A, B-and C cantingencies, Having sald thas, review of the tables-shows {iat ifthis is donz
there ien't 2 great deal of margin IR over on the upgrades Tines.under second contingeney, The
highest flow showvn under contingency is 185 MV A on the Praifle Creck — Bertram 115 kV line. This
wolld impiy that at some point in the foresecable fitture some of this 4.7 mile Hne may be the first to

have to be upgraded fos higher rating,
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In conclusion, itis feasible to tear down Blairstown — Prajrie Creek 115 kV line and build BEV345T
— Beverly 161 k¥ Hing 6n the same ROW, if substation eondluctor ofthres 115 kY iines can be
vipgraded fo raisé ratings. o 197 MVA,

-L.9 Further Analysis on Proposed Transnission Option. 2
‘Regarding the proposed 345 kV transmission option 2 {new Hasleton- Lore - Salom 3458V ling

with a'Loré 345/161- k¥ transformer), there are two follow-up questions listed below:

1. What will be the outstanding ssues in eastern Iowa-system il'the opiion.F {50 taken?
2. Instead of building this fine, is itmore econoneal to develop several smalt projects to address:

these eastern fowa outstanding issues?

Tnt order to answer these questions, AC.auillysis was performed on the 2011 sumnter peakamedels
with and- without this neww Hne andl results were compared to {dentify-what the remaining owtstanding
issuzs wilkbe. iFthis 345 KV line:ds notbuilt. At other propused.profects listed inSection 6.1.7 plits
two projects listed in Bection6,1.2 (Initial TasHity Upprades Proposals) are inciuded in the compared

madels. So the anly differance in-the models is whether transmission opiion 2 is included or not,

Furthe ACCC analysis on the 2011 summer peak base model withon optton 2, bran¢h loadings over
90%. of rating 45 monitored. Bus voltages below 0.95 pacare also monitored, Fhis is to catch all
loading and volisge issues or potential issugs shice transferimpact or load.growil Impact should alse
be considared when developing a transmission sélfion, Fot.the ACCC analysis-on the 2011 base
mode! with option 2, branch loading over-50% of tating is monitorad. This is to calonlate the branch
loading difference between loading with ard withott #his new Salem — Loré{new sub} - Harleion
345KV Jine-{option 2).-Also bus voltages botow 9.95 p.u. are moentiored. Table 1:1 in Appentix H
lsts beanch overioading or potential overjoading In 2017 sunsner peak base casewhh loading
increase morethan$% of miing without teansmission option 2. Talile H.2 Tists-bus voltage violation
or potentlal violation n 201) summer peak base case with voltage-decrense morethan 0.1 pa.
witfiout transmission aption 2, From Table IL1.and 1.2, it is noted that1he foltowing are major issues

in castern Towe systom without transmission option 2:

L Overloading on Salem 345/161 KV teansformer;

Page 52




Midiest Independesnt Tinnsmission System Operator, bng,

2. CGverloatling of 161 ¥V system in Dubucgue.aren: Salein N - Jufian — Center Grove 1618V ling,
Salem—§0.GYW.5 - 8" §t— DBQ 3%8 161KV line, 87t Kerper $ 161 .kV Hae;
3, Overlozding of 161 kV system in the west of Rock-Creek: B Calamus — DeWitt — Roek Creek
161 k¥ tina, Rock Cresk 161765 &V transformer;
4. Overloading of 161 ¥V systeminthe rorth of Beaver.Ch: Reaver Chy - Albany ~ York ~ Savanna
161 &V Hne, Beaver Ch 161/69 &V tranéfatmier;
3. Overloslling on 161 kY lire Davenporf ~E€al TS - £ Calamus - Mequoketa;
€. Ovedoadlngon 115 kV fine Coggon - Dundee
7. Overloading on461 ¥V lines SBRICS — Hills 5 and SR 91 ~8B 70
8. Potenti] voltage violation in Salem area: 34020 SALEM 3_345%V, 34030_SALEM NS _fs1
KV, 34034 - SALEM 85_T161 ¥V, 69505 S GALENA 5_161%Y
9. Potential voltage violelion i the-Lore/Dubinque area: 34026_ASBURY 5_161 kY,
34027_CNTRGRVS_161 kv, 34028 LORE 5_161 KV, 34031_SO.GVV.5_161 £V, 24032 10
ST.S_I61 KV, 34908_KERPERS 161 kV, 34508 JULIAN 5 161 kv
H. Voltage violattomer potential violation slong.Beaver Ch. — Savanna line: 34038_BVR CH 5_18]
kV,-34042_BVR CH65_161 kv, 34043_SAVANNAS_ 161 KV, 34046_YORIC §_161 kY,
34359 _SAVANNAS: 69 KV, 68741 MTCARROL_6% &V, 68742 PALISADE KV
11, Valtage violation or potentlal violation atong Dundee —Liberty 1ine: 34135_DUNDEE 5_I61EV,
34129 LIBERTYS 161 KV, 34607 PEEILRTS 69 KV, 34698_PFEILRES 69V, 34856_NO
LIBER: 69.k¥, 34857_HOLIDAY_69 kV, 34858 CVLE TAP_69kV, 34859_CORALV R_69 kV,
34860_HRTLNDTP_69 RV, 34861_HERTLAND_G9kV;
12. Potential voltage-vioiation in Rosk Creek area: 34036 ROCK CK3_345kV,
34035, ROCKCKMNS 16T kv
13. Potential voltdge:viclation aloiig Wyoming ~ M. Vernon line: 34527 WYOMINGS_¥61 kv,
34053_MT VERNS_161 kV; .
. Potential volizge violation along Tuckay River —Nelson Dewey line: 14033 TRK RIVS_161kV,
39950 _GRANGRAE 69kV;
13 Potential voltage vielation. in Tiffin 694V systevm: 34862 TIFFIN R_69 kv, 30864 TIFFIN 69
kv

Without ransinission aption 2, thereare a few other facilities withs foading increass more than 5% of
thele rating but foaded hetween 80% and 90%. These facilifles are:
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. 34018 HAZLTONS 345 34010 WAZLTONS 161 1
2. 34018 HAZLTONS 345 34020 HABL &5 1612
3. 34026 ASBURY.S 161 34027 GHTRGRVS 161 1
4, 34030 SALEMNS 167 34034 SALEM 85 1611
S, 34035 ROCKCKWS 161 34037 ROCK CK5 161 1
6. 34037 ROCK.CKS 161 34042 BVR CH65 161 1
7. 34Y06:PCI 5 161 34100 BERTRAMS 161 1

8. 34110HILLSIES 161 64350 BILLS 53451

9. MI26:MQOKETAS 161 34034 SALEM'SS 161 1
10. 34135-DUNDEE 5 161 34020 HAZL S 5 161 1
i1, 34423 MONONA_860.0 68743 PDST  69.0 1
1234908 KERPER 5 161 34028 L,ORE 5161 1

13. 64422 5849 5161 34038 BVR CH 5 161 1

14, 64422 SB.49 5161 64414°'SB 17 5161 1

13. 69505 GALENA § 161 34043 SAVANNAS 167

Flowgate loading Is also compared in the 2011 summor peaki base moded with or without transmission
option 2, Loadings a1é compared on 27 castem lowa flowgeates anidThoe results-are Hsted in Table H.3,
Most of flowgates have more loading without transmission ppiion 2. This.is consistent with branch
teading comparison result in ‘Table H.1, But loading o flowgates wifh mositored branches.of Quad
Citles-- Rook-Creek 345 kV line, Lore — Turkey River 161 LY lne, or Tritkey River ~ Cassvills 161
kV'Jine are Iower without: (ransmission opfion 2,-With transmission option 2, Joadings on these
flowgales are inoreased by up to 13% of the rating. As. mentfoned in-Section 6,1.7, rafing-on Guad
Citles ~ Rock:Creek 345 LV {s-proposed to be uprated to conducior rating by replecing soms (ermingl
equipment, zo loading inciease onthis kne with option % is not an-fssue, Loading ereaseon
fiowgates associated sith Lore ~ Turkey Rlver — Cassvifle 161 kV Jine will b analyzedl in Chapter 7.

Table H.4 lists facility rating (Jine conductor méing or'transfornter tating) for branidhes Tisted in Table
H.1 witk ioaiiing increase more than 5% of rating without option. 2, Most of these branches hove
surrent rating fhe-same or very close s facility rating, so their ratings are mastly liniited by line
conductor of iransformer. As found and stated in Section 5, 10% ALTW load increase has slgnificant
impagt on Salem 345/161 KV ansformer, Mation — Dundee 115 KV line, York — Savanna 161 kY
tine, Hinwatha/Fairfax aren, Rock Creek/Beaver Ch. area, and along Hazleton ~ Loze line, South -
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“North transferhes significant impact on Selem 345/161 kV feansformet, Albany — Savanna 161 kY
Tine, Dysart— Washburn 161 kA line; Tl#fin — Amtold 345 &V line, E Calamns — Maqguoketa 181 kv
ling, Marion -- Dundée 115V dine, Galena 164769 %V fransformer, Salenviore aren, Hazleton area,
Guad Cities/Rotk Creek urea, Fairfax/Hiawatha ared. East-West fransfefhas signiﬁcant—rimpach;m
Salem 345261V transformer, E Calamus - Maguoketz 167 kV ting, York - Savanna M1 kV fine,
Raock Creek - E Calomus 161 kV line,.Hazleton ~ Blackhawk 161 KV iine, Salem/Lorearea, Quad
Gities/Rock Creek area, Fairfax/fliawatha area. All these facHifiesfareas-significantly’impaeted by
load groswth and.transfors have Jondling increase more than 5% ofirating or voliage. decressemore than
0.01-p.1 under.cantivgencies withoiit transimission dption 2, Without tramsmission-aptisn 2, most-of
these fhailitiestareas nre fondell mors than 90% of iheir ratings urdsr-contingeneies, aff ofhersare
loaded more than-80% of tatings. Considering allthe sbove, the-overonding or potential.overleading
faciliffes shonld:mostly be replaced by higher rming Facllities iftansmission-option2 wil not be
Implemented. Compared with4his cost-of transmission option 2, the total cost of il these smali
profeers will be iiighér. So-considesing system relidbitity performance in far iture (assuming40-year
dife tme of'a.3435 li-.V'ii:ie'}.and costof fotal projects, itis recommiendéd to builda.new Hazieton <
Lore ~ Salemi 45 KY line with a 325/1 67 k¥ transformer at Lore (transmission option 2) instead of
bitifding a'bunch of small projeats,

6.1,10 Proposing: Projects.for System Near-Term Needs
It may take 710 10 years to bulld.a-major 345 kV line. Sothe.questionhere is before anew Hazleton

-Lore — Salem 345 kV line whth s Lore 34571611V fransformer i butlt, what near-term jasues in
eastern Towa-system are, Besldes iraissniission option 2,some other sinall projests are #lso proposed
i Sections 6.1.7 and 6.1.2 to address the remainiiig-outstending Issues afier option 2 is 1aken, If some
of'thess-smalt projects are-baili in tiiz near tenm firsf, can they address noar-ferm castem lowa systen

lssues espeoially wider categaty A and'B contingencies?

Toauswer these.queslions, AC contingency analysis- was performed:in. 2051 aud 2005 summerpeak
base modéls withoutincluding any proposed:projects i eastern Towa &1 udy. Only NERC eategory A
and B contingeuoies.are considersd, Table L1 in Appendix § Hsts typical exanniles of thermal
visiations undercategory A and B eontingencics in 208] and 2015 suimmer peak base.cases, N bus
" voltage was found balow 0.9 fha. under catsgory A and B contlngensies In these two base cases. For
‘the thermad violations with voltage 100 kY and nhove, the foliowing projects mainly proposed in
Sectlons6.1.7 and 6.1.2 are recommended to be buitt first to address these systemy near-term issues:
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i Replace Salem 345/ 61 %V fransformer with & larger 448/448 M VA transformer. This is an
adildifional project to address Salem transformer numerous ovetioailing issues vrider shtegory B aad G
contingencies bofore fransmission opfion 2 is built;
2. Replace Hazleton 345161 k¥ #) kransformer wilh=a larger 3357335 MV A transformer
3. Replacatwo Hazleton 161/69KV transformerswithitwo Inrger 24.7/74.7 MVA-transformers;
4. Build.a:now 345KV “BEV3I45T" substationand fapped to 345 kK line Amnold - Tiff v at40%
distarice away. from Amold. Add a new'345/161 kY teansformer andt build anew 161 KV ifne
eonuectingihe mew sibstation lo Beverly 161 KV bus. This will mitigate overlodding on Amnold—
Falrfax and PC] —Beriram 16] KV lines under cafegory B contingendies. Also it wilt prwént potentiat
voltage ﬂoﬁapse “when the area of Ezirfax/Hiawatha Ioses one 1615V Hne ARNOLD'S - FATRFAXS |
connested:4o Arhold and another 161 k¥ Jine PG 5-- BERTRAMSH connected to Bertram,
5. Bulliianew 181 KV substation "Lewls Fields” {34561) and anew 161 KV line from “Hinwatha® to
“Lewis. Fields", This new Lewis Fields" substation is-tappei to the FIF KM line “SWANPEXT" .
“Coggon‘“ at 5% di‘sianc:c'away from SWAMPFX? vin anew 1611 15KV transformer.. Thiswill
address thermal overloading fssues on Prairie Cresk - ¥arion 115 kV ine and Markon ~ Swampfx?
115 KV dine;
6. Add.a'second Fairfax 16§/69 k¥-4mansformer. This new teansformer has the same design as the.pre-
existing Fairfax #1 transformer and the ratings are 2057205 MVA, This second Fairfax traksformer
willitigate thennal overloading on Ewirfax 161/69 KV-#1 transformer under contingencios;
7. Upgtade substation conductor for three 115 k¥ }ines.of Prairie Ck — Bettram, Ston BT — Prairis Ck,
and Ston.PF~ Glir5¢ so $hat new-rétings becoine 197/197 MVA. fimited by Site condifetor rating, If
thenew 161 KV line BEVI43T - Beverly will'be bullt using the ROW of Blalmsiown — Péairie Creek
P15 KV fins.

6.1.11 New Transformer Capacity Considetation
Twvo new 345/16) LV transformers are proposed to be.added at Lore (option 2) and “BEVA45T

{Between Arnold —~ Tiffin)in the proposed eastern Iovea projeets. Since Hazleton 3457161 KV #1
transformer{224/224 MVA) is proposed 1o be-replaced by a laeger 335/335 MVA transformer, and
Salom345/161 KV transformer (335335 MVA) may bexeplaced by s larger 448/448 MV A
transformer to address noar-term system issves, one legitimate guestion hete is whather these two
replaced tensformers can'be instatled in “BEV3I45T" and Lore; Le,, instafl 2247224 MVA original
Hazleton fransformer 2t “BEV345T" and install 335/335 MVA-originat Safem transformer at Lors,
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it all preposed eastern lewsa prajeets sdded into 2011 dnd 201'S.susmmer peak base model, and with
the nssumption of 2241224 MIVA tansormer.at “BEVIAST aud 3357335 MVA transformerat Lorg,
DL eontingency analysis was perfonned fo-evaluate the maximanidoading at Loy and *"BEV34STY
transformezs under all category'A, B end C contingencles. Table L1 and §.2 in-Appendix J sidop 3
loadings at “BEV 3431 and'{.;ere transfonmers, A few notes are! )

1.335/335 MVA transformer-at Lore s sullicientto meet systens rellabifity need;

2. 2241224 FAVA “BEVIMET" transfonner 1§ Joaded 6% at niaximinn jn.20H sunimer peak base
case and.overloaded et 111% at makimum in 2015 summer péak base case under the same doubla
-confingency (C3¥ “D:ARNOLD S:FAIRFAXS] +FCI  5BERTRAMS!™. The second and third
maxinuun Jendings are 819 and 709 in 2011 summer peak base case, and-01% and 78% in 2015
summer peal base case, underthe correspondin'gicé double contingencies “DARNOLDIG-
ARNOLD§1 +ARNOLE S-ARNOLD 31" and "DIARNOLDIG-ARNOLD 51 PG} 5-
BERTRAMSIY

3. There is ro overloading on 2241224 MVA “BEV345T" transformer-under all category'A, Band C
contingencies in 201} suinmzer pealt-base case; v

4.1n 2015 summet peak base case; there is o thermal overlodding on 224/224 MVA “BEV 35T
transformer under atl ¢category A, B and C contingenoies except-C3 double.contingencies;

5.1n2015 summer: peak base case, 2247224 MVA “BEV45T transforter s overloaded'at 111% of
refing underthe double contingeney (C3) “IARNOLD §-FAIRFAXS] +PCH  5-BERTRAMSI.
Generation redispatch and systemrreconfigurstion.are tested and fitey:are not sufficlent to mitigate

this.ovetfoading.
In conclusion, 335/335 MV A transformer is capacity sufficien korbe instalied of Lore. 2247234 MVA

- “BEV345T" ansfonmer is tentatively capagity sufficlent up 16 2012 year. Afer that, & larper 335/335
MVA transformer is recammended {o be installed at “BEV345T™,
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5.2 Praject Eeonomic Comparison based on PROMOD Analysis

As dtis notived in Setion 6,1, the proposed projests-can resolve all or pant of the reliabiiity-issues in
enstern fowa region, These projecis may also have ssoneinic values on the following aspects:

1, Reducs the reglonal annugl production cast {generation cost) since more generation are dispatched

cronainfeally to serve loads i transmission consteaints are reduced;

858 A

regional annnat production cost = ZZC,),
1% fet

where

Cy fsfusl cosi of generator  during howe }

M is the number.of total: generators
2,'Reduce the reglonal sumat load cost since.congestion component of LMP: (Levallonal Margliial
Price} is:reduced with more constraints mitigated and eneray component of LMP.3s.also radiiced with

more economtivat gencration dispatohed;
win. N

regionet annaal load cost= ZZEM% Ly

fal f=|
where

L, 1s MW amount of Toad j dutinghour i
LMF; is LMP at bus of load j-uring four §

N is'the nuinber of total ioad buses

Economic perfonnences of four transmissfon options.are compared with PROMOD anglysis in 2011
base seenatio. Also when faur transmission options are compared, the ofher small projects proposed
‘in Sections 6.1.2 and 6.1.7 are alsa included sincetheysare necessary no metter' which option is fnally

chosen. Thess four transmission options are sgain listed here:

Oplion 1t New Hazlefon - Salem 345 KV line with o sacorid Saleny 3457161 &V transformier;
Gption 2rMew Hazlstoh — Lore - Salem 345 k¥ line with a Lore 3457861 fransformen;
Opiion 3: New Cassville - Liberty 161 %V Iine;

Option 4: New Hazlalon - Salem 161 KV line;
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6.2.} Cost and Saving Comparison
Table 10 lists the annual'load sost, 2naval production cost and anuual praduction cost:saving inthe

whole easternt fowavegion with each of the:Four projects.

Eastoriiowa | Annuial Load Cost ($) - {iAnnudlProduction Cost(8). ] Annut Production' Gost SAARaIS)
0

Base Case 787,563,185 403445;100 1
| Oplion 1§ 711,431,605, 3717457,802 32,287,508
. Oplion 2 21p762,708" . 3714407130 . 32,304,874
1 QOption 3 714,489,862 372,845,037 30,688,263
‘Optlon 4 712,199,786 372430481 | 31,006,840

TableTh Annua) Cosfand Saving Comsparison among Four ’i'ransanissﬁbn'()pﬁons
vhere.annuel production cost saving is the difference between annuel producion:cost witl each

option and base case,
Porm Table 1, the followings are observed,

L:Option 2 has the most annuat production cost saving ($32,304,971) and least annual foad cost
£5710,762,706). Option 1 15 ranked the seeond, witir $17,463 less annwal production vost saving and
$668,889 niore annuaf load cost;

2. Option 4 has more annual production cost saving thian option 3 though It has more annnal load cost

thatt option 3;

3. Comparing option 2 wiik: option 4, option 2 has-about’1 3 million inors ainual produdtion.cost
savings than.option 4. Considering 40-yoartife time’ of 2 345 KV line, the total prodiiction cost saving
wiif be.about 57 miliion-dollars;

4. Opilon2 has:about $1.4:mittion Jesy annuat lozd cost than oplion 4. So thedoial lond cost will be
saved by 56 miltion dollars during 40 yesrs comparing option 2-with option 4, -

So on the production zostsaving and load cost aspect; option 2 is the-most econoinical praject among

the four tansmissien-opfions,
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6.2.2 LMP Comparison

LMP at some typleal huses in eastem lowa ove alsd compated. With rige generator and load
ndded/deleted from the system, Jow snnual average LMP indloates less system vonstenint and.sore
economioal generation dispatched, ‘

Aload hubis esiablished with all Joad buses In eastern lowa systern. The-hourly hub LMP Js
enfoulateid-as:
2
S,
eastern Towa hib LMP = L=
S,
A
where

L; is MWV smount of load § during one partioufar hour
LMP, i$ LMP st bus of load § duiing one parHenlsr hour

W is the:nunber o total load buses

In Appendix X, Figure K.1 showsthe annual average LMP comparison.at some buses with each
transnitssion solition, The-deteiled daiais Yisted in Table .3, Figure K.2 shows the annual masimum
LMP- comparison at-somebuges with each ransmission salution. The detalied data fs listed in Tabls
K.2. Figore K.3 shows the aniual minimum LMP sémparison at some buses with each transmission
solition. The detalled data i€ listed in, Table K53,

A few notes are Hsted bélow,
1. Easfern lowa hub annual LMP s the feastwlih option 2. Alsc LMP a1 most buses are he least with
oplion 2;

2. Option 2 has the'smallest annual meximapm LVP-at eastern lowe hub-and mosthuses;

From this LiiP-compatison, i is Musirated that option 2 hés least system consfraifit and nost
economical generation dispaiched in eastern lowa region.
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6.3 System Loss Comparison
Real power losses and reactive:pawver losses are caloulated in the control.area basis of ALTW, MEC,

ALTE, MGE, and MPW Tor eastern-lowa 2011 sumnierpeak base case with fourdifferent
“ransniission options as stated previousty. Theseoss results are compared against fig original 2011
summer peak basecase (without any proposed transmission upprades) and the loss ehanges are showa
in Table 12, Notetiat-negativevdliemenns tossdeorease compared vitlthie original base case, and

positive value means loss increase.

Cption 1 Qption 7 Option 3 Gptlon.4
Conlrol | Delte_P"| Dalta_Q.] Della_P | Délia_0 | Dskta_P | Dells_@ | Delta_P | Delta_Q
Arga (MW {MVAR] | (W) AMVAR)  F G IWMVART | MW {MVAR)
ALTW -1,566 -26.63 <128t +28.09 -1.90 =16:16 -2.00 A7:86°

FAEC 248 1986|224 ~20:54- -0:08 0081 0801 82
ALTE -0.40 4431 004 2.6 026 148§ -0.01 0,34
HGE | -0.04 E38 | 07 079 (.03 § -0.30 1 -0.0% -0.67
MEW 0.01 -0.02, 0.0 000 -0:0% -0.08.1  -0.0% ~0.08

Table 121 Loss Change wiﬂtD[fferenl"i’mnsmi'ssinn*.()ptious
Based on the loss chenge comparison:resil in Table 12, the following conclustons are draw

L. All these four-wransmission options will retlucs Mhexen! power fosses in the controk areas GEALTY
and MEC, Loss changes in.olier controf areus are minor;

2.-Becausé:-both opfion | aid 2 have a‘.pr.p‘posed 345 kY teansiisson line from Hazleton to Salens,
and this ling '\V}l['faciﬁmte,.pnwer teansfer Hirough Jows, the ALTW real power loss redsiction of
option | or 2 isa Httlesmaller compared wiih.option 3 or 4. But reactive loss reduction is mueht larger
than that in option 3 or 4. This indicatesthat volage profile in ALTW arid MEC will be greatly
fnproved; .

3. Qptlon | has more real power foss reduction (Bboit 0,28 MY in ALTW) than option 2; but option
2 has more reactive power loss.reduciion (about 0. 46:MVAR In ALTW} than-option 1. 5ince il these
real power loss and reactive power loss redustions are smafl, the performance of option | and 2 is

ssimilar-in the loss reduction perspective.
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6.4 Reeommended Salution
Four different transmission salufions are proposed and their-performance in AC contingency analysis,

PRUMOL mearket wide analysis, and“system foss reduction ara anatyzed and.compared. A few

findlugs.are repeated here:

L. Iti the.aspeot of AC cortingency analyshs; option 2 fxheller thaw optlen 1, Compared with option 1,
toading on fwe Hezleton 345/167 kV transformers, Jilian— Stilent - S Qrandviaw- 8 St, - DBQ §*3
L61.KY line, Beaver Ch, - Albany-— Savanna- Yoark 163 KV line, Hagzleton + Duides 161 kY Hue and
Rock:Creek 345161 transformer are Joss with option 2;

2.-¥n the-aspect of protduction.costsaving-and load cost sfehstern lowa under MISOamarket wide
dispatch, option 2 has the mostannyal production cost saving antl least annual foad cost among foir
transmiission opiions;

3, In'the aspeel of LMP reduction, opiion 2 hias Jeast annual LMP in easters Towa huband most buses
in enstern:Jowa systein. This afso indicates that option 2 hes.least-system constraints.and most
economical-generation dispatched;

4. I the aspeet oFsysten toss reduction, eption | and option 2 have sirhitar performance,

To resolve the idemtified eastern Yowa sysiem-issues, different transmission solutions arccomparsd
&nd their. performance is evaluated. ©ption 2 fv-selected from four different transmission opitions
baseit on the relinbility/economic.comparison. The possibility. and cost of doing 4 bunch of small
upgrades instead of impleménting option 2 5 also investigated: From perspectives of system
relinbitlty-performanco and- cost of all prafects, it is recomnended-to- build transmission option 2
fnstead of building a bunsh.ofismall projects, Applicaliility and feasibility for the solutions of
poneratiost rédispateh, systens reconfiguration, interruptible fonds aid lond shedding are investigated
and-tested. For systonr issues withoulsohilions ofgeneralion redispatih, ste,, transmission solufons
are investigated and tested.- Besed on this comparisdn and stady, the following solutlons are

recommended o resolve the eastern lowa systerh Jssues:

1. Bulld  new Hezleton — Lore - Salem 345kV line with a Lore 3457161 k¥ 335/235 MVA
transformer (opfion 2). This resolves # lot of thermal and voltage violations under oategory Band C

contingsncies in-the whole system;
2. Replace two-Hezleton I61/69 KV transformers. The new ratings are 74.7/74.7 MVA. This address

the overioading problein on these twa transformers under catagory B and C contingeneies:
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3. Biiild a new 161 ¥V substations “Lewis. Fields” {34561} and a new 161 KV line from “Wawatha” to
“Lewis:Fields", This new “Lewis Fields” substation ia tapped to the 115 kV line "SWAMPEXT" -
“Coggon® at 5% distance viz.a new 1617115 KV fransforﬂ-xer. This-addresses the overloading and low
voitage issues-between Hiawatha and Coggon, |
4. Add a-second Fairfax 16 169KV transformer. This riew transformorhas the same deslar as the pre-
extsilug Fairfuc#) teansfornner and the ratings-are 205705 MVA, This second Palffas tra nsformer
will mitigate the related thermal averloading issues in the-area ofRalefax®PCl;
3, Wher the area.of Faivfax/Hinwalhd lose one 161 KV lne *"ARNOLD 5" . "FAIRFAXS conneoted
fo Amold-and-another 1611V ling "PCT 5" - “BERTRANIS" connetted to Beriram, ictential
voltage collapse is indicnted and this double contingengy is.not solved, To resolve this'fssue_,-g-new
3454V "BEV34ST? (34555) substation {540 be built between 345.kV Hine AraoldFiffin af 40%
distancedway from Arnold, Anew 3457161 k‘v{ransformer {recommentded rating of 335/335 MVA
but 2247224 MV A transformer ean be tentasively used up. 2012 yedrkand anew §61 £Vline will
cannectthis new substation to Baverly 161 ¥V bus (34107
6. Replace the Haxletor 348/ 61 KV-#1 dransformer witli the same design as Haxleton 3457161 KV 2
uansforiner. The new ratings are 335/335 MVA, This nddresses the averloading probiem on this
transformer when the second Hozleton 345461 £V ftansformer is-lost;
7. Replace the limiting facility of OTs and'conduetor inside.the substattons for 345 kV Tine Qued
Ciltes-Rock: Gregk+Salem s¢ the {ine ratlng can be rdised to flie same.as conductor rating between
Ssubstations, The new ratings-of this 345 KV tne-wlill be 1246/1'246 MVA. This resslves:the polential
kine overloading under mumerous contingencios;
£, Upgrads substation cordustor sothe.ratings of Rock Greek 34516 £ kY teansformer are 448 MVA
limited by transformer itself This addresses the tronsformer overloadiag vader eategory €.
cantingencies;
9. Understuck broaker contingeney (C2) “ALTW.C-NW-DUNDEE 161 BUS -$TUCK PREAKER”
atDumdes 161 KV bus; both Dunded:Liberty and Liberty-Lore 163 £V will be tripped-and Dundee
161 k¥ bus will:be disconiected. This is due.to no breaker at Liberty 161 bus, Tha con lingency
causes a lot.ofilew valtage violations and thermal overloading in Dundes aund Liberty-69. k¥ systems,
To resolve-this {asiie, breakers are proposed to be installed at both ends of Liberty 167 kV buy
10, Upgrade terminal equipment for 625V line KIRK.JT - Fajrkax - NURSRYR (34740 - 34149 -

A 34896} so that the tatings become 103/103 MVA Hraited by conductor rating between substations.
Thisresolves the 62 &V Tine overloading under category C contingencies;
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¥1. Ungrade terminal equipment for 115 k¥ line Prairie Crodk - Marion {34099 - 34103)s0 that new
raflogs become 198/198.MVA fimlted by conductor raling, Rebuild 115 kV line Marion « Swampfx?
= Coggon 1o the new raling-as 198/1 98 MVA. This resclves iine overloading lesues under-oategory B
comingenclessyith heavy tiansfer or category C contingsncies;

12. Replnes Duridee 161/H1 5 KV-(34135 - 34133) eansformer with niew. ratings as 1 1212 MVA,
Thils resolves:fransformes overlonding under categary B contingencies with heavy transtor or
overfoading wnder category C confingencies;

13, Upgtade 69 klf'.line-Peosta - Amocolt - Laore (34505 ~ 24460~ 34464} with new ratlugs a5 80780
MVA, This resolves Tine evertoading issue under catogory G confingencies;

14, For thenmal overloading In the sres of Lansing under safegory C3-contingencies, baking off
Lansiiig generators (*LANSS 4G22:0", “LANSS 3G22:0) will provide. enough mitigation;

15, Thermiat overdodding in the-arca of Beaver Ch. can bemiligated by Backing of T generabion of
“BYRCHA32G20.0%

16, Thermal bverlaadingmﬁhe 161 £V ing Hazleton — Blackhawk under category'C3 contingenay
can'bemifigated by tuming ongeneration at *EL FARMS.161" or "GT SUB 865.0", or *FLOYD
869.0%;

1%, Numerous:6% kV line overioatfing-can be mitigdted via system reconfiguration of openiyp 4
nomsab-closed kine of closing @ normat-open Jine,

18, Upgrade substation.conductor for three 115 kV fines of Prairie Ck — Bertram, StonPT - Prairie
Ck, and Sion PT —61F Stso-that new ratings-become 197197 MVA. Bmiled by Ene conductor rating,
ifthe new 161 KV ling BEV345T - Baverly with bo built ushig the ROW of Blsirstowi —Praicio
Creele 115 KV line. '

18. There ars some severs-Jow volfage issves in Grnd Mound acea, Since ALTW iy ourrently dolng g
planning study for this focal area, the system issuesin Grand Mound and:their possilile transmission
solutions ace-not considered in this sastorn Jowa study, Up to date, onepossible transmission sofaion
beingconsidered is to build one 161 kY stibstation between E-Calamus-~ BeWitt 161 KV line 5%
dislance away JromE Calamus and build ore.2 miles new 161 KV fine between the new substation

and Grand Mound with normal-open,

Takile 13 Hsts system thermalivoltage issues mitigated. by cach of these recommended projects.
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Since itusually takes about 7 1o 10 years to build.a major 343 KV transmisslon line, to.address the
system heareferi jssues especially thermal violotions n 100KV and zbove spstem, the following

projects are recommended to be-built first:

L. Replace Salem 345/161 KV transformer wiilva Jarger 448/448 MY A teansfornter, THis is ain

additionat project to address Salem transformer nmergus-ovesloading issues under category B and €
- tontingencies before transmissionroption 245 builty

2. Replacé Hdleton 345/L6) KVL#T transformerwithia Jarger 335/335 MVA transformer;

3. Replree fwo Hazleton-161/69.%Y transformers.withtwo'lacger T4.7474.7 MVA sransformers;

4. Buifld-aviaw 345 &V “BEV345T" substation:and tapped 10 345KV fine Arnoid - TifAn a1 40%
distance away from Arnold, Add anew 3d5/561 KV transformer and builé » new 1611 Jins
connecting thenow substation to Beverly 161 %V bus, This wilf mtigate-overloading.on Amold ~
Faiefas and BCE— Bertram 161 KV nes under category B contingencies. Also it will prevent potentiat
voliage colfapse when the avea of Fairfmx/Hiawatha foses one 161 bV e ARNOLD §-- FAIRFAXS1
connected 1o Arnold aud another 161:EV tine PG1 5~ BERTRAMS! connected io Berfram,

“5. Bulld a new 161 k¥ substation “Lewls Fields™ (3456 and anew 161 BV line-from “Hiawatha" to
“Lewis Ficlde™. FThis:new "Lewis Fields® substation istapped to the. 115KY line "SWAMPFXT” -
*Coggon™ at-5% distance away fiom SWAMPFXT viza new 161/TEFEV wandformer. This will
address thermal overloading-fssues on Braitie Creels « Marion 115 k¥ line and Marion - Sivampfs?
115 KV Hiney
6. Add a.secand Fairfax 161/69 KV transformer, This new transfornierlias the same design-zs the pre-
existing Fairfax #1 transformer-and the vatings are 205/205 MIVA. This secand Pajefas-transformer
will mitigate thernal overloading on Falefak 16169 &V #1- transfarmer inider contingencies;

7. Upgrade substation conductor forthree. 1E5'RY Hnes of Prairie Ckt ~ Bertram, Stoi PT - Prairie CF,
and Ston PT ~ 6th St so thalmew ratings become 197197 M VA limited by-line conductar rating, if
the new 161 &V ilne BEV345T - Beverly-wil] be E‘_:uiitus!ng the ROW of Blairstown — Prairie Creek
LIS KV fine,
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7.

Solution Verification
Adl the secommenided solutions in Section 6.4 for Eastent lowa System are added into-the vriginatly

developed 20t summer peak-base-model, 204 | §-N transfer woded, 2011 E-W wansfer model, 3015
summaer peak base-model, 2015 S-M.iransfer modal, 2615 B-W transfer model, In this chepter, the
eastent lowa-iransmission system paformance will be checked and verifed vin-AC steatly=state
contingency analysls Gnoluding FOITC), PROMOD. analysis for MISO market-wide dispaich, voltage

stability rualysis, and dynamic stability analysis.

7.1 Verification.via AC Steady-State Coutingency Andlysis
7.1.1 2011 Summer Peak Base Case

‘Fable L.} Tists branok: thermal leading above 97%-under system intact, category B & C contlagencies
in 2611 summer peak base case. The smme manitored branch isonly listed one time for the highest

loading with one contingetey. Fromt this table, some wiotes are Hsted below:

1. There.is no branch loaded above 97% under system hrtnet-and category B contingencies;
2. Branch overloading is only abserved under seme eategory C3 {automatic double cantingencies)
contingenotes. Alf thesc branch overloads ean be mitigated by system reconfigiration or generstion
redispateh.. For example, the Turkey River 161/69-kV ransfonmicr overfoading (34033 TRK RIVS
161 34465 TURK RVE69.0 1) undérdouble contingency (HAZLTONS-WINDSORS!
+LANSINGW-LANSINGS1) can ba:mitigated viz-either opening the-overloaded transformer o
backing down generation of LANSINGEE.0, LANSS 3G22.0;

3. Bairfax 161/69 KV itansformers #1 and #2 are loaded al 99,1% under double contingency {one
Fairfax transformer contingency with ong PGl transformes contingency}. Qne simple zofution Is to
1epface these Fairfax 161/69 kY transformers with-bigger iransformecs. The vecommended ratings for
these bipger fransformers shauld be 250250 MVA.

There s 100 kV and abuve voltage violation under any contingency. Thereare fow 69 kY bus
woltage violallons (mostare about .82 p.an} wider category €3 double contingencics, Since system
reconfiguration or-generation redispateh are not simulated for these-automatic dotble <ontingencies,
and the 69 KV bus voltage is close to the-low voltags limit (0.9 pai), these 69 kV voltage-violations
are ignored.

Mt adepeda by Livaapbeabin by can Wyate, e

78 Gy Cerier Drive Cammef, 1N 46032 1525 Enargy' Park Drive 5t. Jaoh, MN 35108
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Midwest Endependent Transmission System OperatoryYhe.

Table 1.2 lists the-eastern Towa flowgate loading, Fhere are ohly three flowgates with high loading
above 60%, which ara Aowgate 3758 (3758_Hazleton T21 3451161V flo-Hazloton T22 345/161kV),
3725 (3725 _Sub 56{Davnpr)-E.Calamus 161 for Quad-RockCr145), and 3761 (3761 Lore-’-l‘urkey
River 161 (flo) Wempletown:Rockdala 345),

For thenon-convergsd confingendies {Sontingencies nutsolved by MUST), all 6 thern oonbe
manually solved, Nong of them cause any therinal overloading or voltage-violations.

Based on the:abave, itds conciwded-that with-the recommended transmission solutionsin service, the

eastern Towa systenris performing reliably under AC contingeney snalysis during 201 F summer peak

base scenario. But as'itis pointed previowusly; Faltfax §61/69 V- teansformers should bereplaced by
 bigger transformers.with ratihgs #5.250/Z50 MVA,

7.1.2 2011 8-N Transfer Case

In 2011 south-north heavy Iransfer scenarfo, there afe.severil thermal. viclations under category B

contirigencies. They arg listed in Table L.3, From this table, we-can-see that,

L. Salem 3457161 KV wansformer is overfonded af 111.4% under ihe-contingonoy of 34025 SALEM
3 34534920 LORET4S 345 1, Undler the same coniingency, Safem 345/161 KV transformer is only
loaded at 8194 2011 sumimeypeak base case, As it is found fin-Section 5, both south-noith and east-
west trans-Fers have significant impacton Salem 345/161°EV transformer. The simple solution is to
repigce this Satem fransforimer with a 448/448 MVA larger transformer;

2. Othet category B thennal violations oair'be mitigated by penerationredispateh or system

reconfiguration.

Under cafegory € (except €3 double contingency) comtingencles, all branch thermal violatons are
listediri Table L.4. It is very clear that all4hese violatiens can be mitigated by genoration redispaich

. orsystom reconfiguration.
Considering the prababiliy of nccurrence of heavy south-narth transfer scenario (fiow on-Amold-

Hazleton 345 &V line at 600 MW), and the probability of occurrence of O3 -double caontingencies, the
probability of ocourrence of these parilewlar C3 double contingencies under leavy 5-N trasfer
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scenatio Is deemed-very low. Hence thermal violations under C3 contingenties are not studled in SN

transfer case,

There ¥ no bus voliage victafion under any contlngencies sxeept C3 contingency. There are three 100
&V and abovebus voltage wiolations under category'C3 contingsncies. Allthese three bus voliage
violations can be mitigated by fixing the fransformertap. See Tabie:L.5. Mosignifieant 69 KV bug

voltage violaiions.under eategory C3 continganeies,

Tﬁble:L-.'ﬁ lists alk:easfern fowa flosvgate loading under 261178<N transfer-scensrio, Flowgate 3725
(3725_Sub. 56(DavnpttyBCaldmus 61 for Quad-RackCi345) is loaded at99.4%, foHowed by
flawgate 3761 {3761 _Lore-Turkey River 16t {flo} Wempletown-Rockdale 345) loaded at 89.7% and.
flovegate 3728 (3728_Dysart-Wadhburi 167 for B:Arnald-Hazleton 345) loadsd-at 81.2%.

Al non-canverged contingencies {eontingencies notsolved by MUST) can be manually solved.

Ttis goncluded that with the recammendett transatlsston solutions in servioe, the-eastem Towa systern
is performing relfiably with a-faw Hmited nuinber of generatioi redispatch and systent reconfiguration
under AC contingency analysis in 2011 8-N-heavy transfer scenario. But as itds staled previousty,
one-golution for Salem 3457161 kV transfornier overoadbng is to replace it wilh a 4487448 MYA

$muasformer,

7.1.3 2011 E-W Transfer Case

BSeveral thermat-averloads were found in 20§ | eastvwest heayy Gansfer scenario under all
contingeicies exeept C3 double co’nﬁngei'lcy. They are listed jn Table L.7.: 165 clear that.except
Salent 345/161 ~kVtt’ansfgmmr overfoaded st 105% under the-contingency. 6£34020 SALEM 3 345
34920 LORE3I45 345 1, otiier branch thenmal overloading ean.ill be mitigated by generation
redispateh or systemreconfiguration. So it is also showr fhat Salem 345/161 KV transformir should
be replaced by e 448/448 MVA iransformer,

There is'no bus-voltage violation vider any coniingencies except-C3 contingency. There are only

several-69 kV bus veltage. violalions under category C3 contingencies. Adlthese violated bus voltages

are around- .89 p.ti..
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Flowgate loading undesr 2011 E-W scenario is listed In Table' ) 8. Flowgale 3725.(3725_3ub
56{Davapr$)-E.Calamus16] for Quad-RookCri45) is the most Jeaded flowgate, which is i6aded at
88.7%. Thesecond most Joaded flowgate is flowgste 3758 (3758_Hazleton T2} 345/161KV flo
Hazleton T22 345/161%VY, whieh is londed at 31.4%. Flowsate 3715 (37t5_Dund Citles-Rock Creek
J45MEC Sordova-Sub 39) ks the third mest loaded flowgate, which is lsaded at 77.7%.

Alfnon-converged conlingencies (contingencies not solved by MUST) can be manuafly solved,

From the-above, itis coreluded that with the recommended transmission softtions fn seevice, the
enstern fowa systein is performing reliibly with under AC contingenoy anaiysTs in 2051 B-W heavy
transfer seenatio, with Salem 345161 KV transformer being replaced by s 4484448 MVA tranifonter.

So bazed on the'AC contingency analysis, withthe recommended transinission solutons irsorvics,
and-furthermore, Fadrfax 161/69 ¥V transforner replaced by 2 2507250 MV A-transformer and Salesn
345/161 KV transformot replaced by a 448448 MVA transformer, eastern Towa tramsmission systent
is reliabile underthres scenatios (summer peaktbrse, SN-transfor; B-W 1mnsf§'r) In 2011,

7.1.4 2015 Summer Peak Base Case
The following AC comtingenoy analysis for 2015.three seenarios is assuming Salem 345/161 KV

fransformer beivg refilaced by a4d8/438 MVA traniformet.

Table L9 lists branch thermakoverloading woder system infect; category B & C.contingendies in 2015
summer peak base oase, The same monitored branch is only listed one time for the highest'loading

with one contingency. From this tablé, some notes are Jisted below:

1, There is no branch overfoading tmder systein Intact, category'B contingenoies, and category C
{except C3.double contingensy) sontingencies;

2, Brangh overloading i5 only observed-under.some category €3 {automatic-doible coniingencics)
coniingencies, Most-6f these branch overloading e be miitigaled by systent reconfiguration or
generationrredispatch, For axample, the Lansing 161/69 kV wansformer overloading (34022
LANSINGS 161 34023 LANSINGS69.0 1y undar doubls contingency (D:LANSINGW-CENOA 51
FLANSINGS-POSTVILAT) can be mitigated by backing down gensration of LANSS4G22.0,
LANSINGS69.0, LANSS 3G22.0;
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3. Pairfax 161/69 KV transformers #1 and #2 are overloaded at 111.2% nader double contingency
(one Falrfax (ransformer.contingeney witly one PCL transformor contingengy}, NCL E6469 KV
transforner-is ovesioaded at 102.8% under double contingency (D:ARNOLD.5-FAIRFAXS1
+BEVERLYS-FAIRFAX$1): The stmplest solution isto reptace Faivfax 16168 kV wansformers and
PCI transformer with bigger transforners. The recommended: ratings for these Bigger transformers
should be 2507250 MVA.

Thore-arc.sevesal [00KV and abave bus voltage viokations under €3 double contingencies, These are
listed v Table L.10: A fow notes are:

L.Fix.transformer tap at 10 is a.good salution for bus-voliage viplations af “POSTVILS®,
"SOUGVW.S", “BTH ST.57, and “KERPER §%

2. For bus volitage violations at "NMARION 7 and: “DRYCREK?", it is a goot slution-to histall.a
switched shiunt at 1155V bus "MARION 7%

3. There are a fow 69 KV bus voltage violations fmost are-around 0.89 puasyumder category C3 double
contingeneies. Since system recotifigueation or géneration redispatch ave not simufated forihese
amtamatic dovble.cantingendies, and the 69 £V bus voltage is close to the lowvaltage limif (0.9 pus),

lhess 62 k¥ voltage violations are ignored.

Table L.11 lists thézastern. Jows flowgatd Joading, There are only three fowgates with high {oading
gbove 60%, whichare3225 (3725_Subr56(Davapr)-E.Calamus 61 for Quad:ReckCri45) loaded at
73.5%, flowgate 3758 {3758 _Hazletan TZ1 3¢5 61KV flo Hasleton 'T22 34571615V loaded at
65.8%, and 3761{3761_Lore-Turkey River 161 {fla} Wempletown-Rockdale 345) loaded at 62,85,

Alkthe non-converged contingencies {contigencies.not solved By MUST) canbe maniinlly solved,
Hone of thesn cause any ofiier theemal overlonding or voliage violations.

Based on theabove, it Is concludert that-with the recommendedd fzanserilssion solutions in service, the
eastert-fowa system Is performing reliably under AC contlngency.analysis during 2015 summer peak

- base sceraric, One additlonal project is to veplace Faicfix 161/69 %Y sransformers-snd POL
transformer with bigger transfonners. The-recommended ratings for thess bigger transformers should
be 2504230 MVA,
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7.1.5 2015 $-N Transfer Case .
Table L.12 Hsts il brancl.thormal violations under eategory B andd G (except C3) contingancies. For

information purpose,-overloading on Fairfax 161/69. LV transformers and: PCT 161769 KV transformer
unde? z dotiile contingency of tlie other two transformers out of servive Is also Histed.-A few notes

arel

1. There are-several thermal violations under category Breonlingenciss. Alf these viotations can be

rritizated by generatton redispatch-or system reconfiguration;

2. PC]Jﬁ-Héﬁiﬂl transformer is-ovotloaded.under the-Bus owtage “34511 FAIRFAXS 1617 (eategory

C1). For ather Urdnch overloading under category C{except C3Yyconiingencies, alf of them can be

mitigated by generation redispatch or-system reconfiguration;

3. Fairfax 161/69 KV transformers, PGl 161/69 KV {ransfonmer should be replaced by 2500250 MVA
. {ransfonners)

4. Salern.345/161 kV transformershould ba replaced by 2 4487448 MVA trensformer.

There Is no bus vollage violation (68 &N and up) wnder ail confingenciss except C3 double
contingencles. There are several [00°kY arid above bus-voltege vidlations-under €3 double
eantingencies. These-are listed-in Table L. 13, Bxeept busvoltage viotatioms af "DRYCREXY” and
“MARION 77, which ean betesolved by installing a switched shunt at “MARION 7 115 &Y bus,

other voltage violations can 4H be mitigated by fixing the transfornier tap af L8 position.

Thereare & few 69 kV bus vollage violations {most.are around (:88:par, 0.89 p.u.) under estegory.C3
double contingencics. Since system reconfigurailon or generation redispateh are not simutated for
these automatic double contiingencles; and the:6% ¥V bus voltage s close to the low voltage Emit {00

p.aj these 69 kV voltage violalions are jgnored.

Table L.} Hists the eastern lowa flowgate foading, Plowgate 3725 (3725 Sub 36(Davapri)-
E.Celumugi 63 for Qudd-RockCrds) is overloaded at 108.1%. Asitis stated in Table L.12,
generation redispatch can be a good sélution by wming on “EL FARMS L65*or backing down
*RIVSIDSG15.0™ The other three flowgatos loaded above 80% are: Tiowgate 3761 (3761 Lore-
Turkey River 161 {flo} Wempletown-Rockdale 345) foaded st 88:6%, flowgate 1728 (3728_Dysart-
Washburn 161 for D.Arnold-Hazleten 3457 loaded at 84.2%, and flowgate 3715 (3715_Quad Citigs-
Rock Creek 345MIEC Cordova-Sub 39) loaded at 8396,
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All the non-converged contingencies (comtingencies not solved by MUSTcanbe manually selved,

Fromthe above-nnalysis, under 2015 §=N heavy transfer seenario, with Saform 3457161 LV
transformer replaed by 448/448 MV Adransformer and PO, Faisfax 161769 EV transformers
fgplaced by 250250 MVA transformers, easternTowa.sysiém is refiable willi-d-fow Hnilted number of

generafion-redispaiches or system reconfipusations based on AC contingency anelysis.
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7.1.6 2015 B-W Transfer Case

Table'L.85 Hsteall branch thermal violations-under oategory Band C (except C3) comtingencies in
2D15 B-W heavy transfer scenatio. Forinformation purpose, overloading on Falrfax 161/69°kV
transformers-and PCEI61/69 KV transformer under 2 double £antlngensy of the other two

tremaformers ont ofservice is-also listed. A faw notes are:

1. Afttirese thermal overlonding.can bemitigated by generation redlspatotvor-aystem reconfiguration;
2. Agaln, PCLand Falrfax 161789 BV transformers should be:roplaced by 2507250 MVA transforuers.

There-is.no-bus-voltage violation (69°KV anddbove) under 4l contingencies except C3: double
coutingengies, There aresaveral 100 1 and nbove bus voltage violattons.under C3 double
contingencies, These aré listed in Table L 15, Bxcapt busvultag@;vioiatiens at YDRYCREK?” and
“MARION 7" 1157V buses, which can.bs resolved by installing o switched shunt at “MARION 7°
bus, other voltage violatlons ean aff be-mitigated by fixing the transformer tap st 1.0 position. Again,
69 &V busvoltage violations under double contingencles are ighored,

Table L.17 lists-the eastern Iowa flowgate loading. Flowgate 3725 (3725_Sub 56{Davnpr()-
ELalamusié! for Quad:RockSrids) is Icadcd:a#'%.’f%-f‘oltowed by-flowgate 3715 (3715_Quad
Cities-Rock Cresk 34 5/MEC Cordova-Sub 39) loaded at 8% and flowgate 3758 (3'!58_‘Haztéton
T2I 3481161KV e Hagloton T22 3451161V} toaded ot 80,59,

All the non-converged eentitigencies (contingencics not sobved by MUST} can.beananuvally sofved.
In-conefusion, under the 2045 E-W heavy transfer scenario, withthe Salom 345/161 LV tramsformer
replaced by e 44B/A48 MV transformer ind RCL Datrins 161/69 KV transformers replaced by

250/250 MV A transformers, eastern lowa systor 15 reliabie with afew Timited number of generation

redispaich orsystem recenfiguration based on ACcentingency anslysls,
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7.2 Verification via FCITC Caloulation

With aft the recommended solutions in Seetfon 6.4 added-tutorthe 201 T svwimer pesk base-nrodef,

2011 8-N transfer medel, 20§ 1'B-W transfer mode}, 2015 stmmey peak base mode!, 2015 $:N
transfer model, 2015 B-W transfer model, Flrst Contingency Incremental Transfer Capacity-(FCITC)

fs-re-caleulated:for 201 | year and 205 yeur snder south-norih fransfer aud east-west transfer, Only

system intact-and category B contingencies sre-considered, FCITG is ealeulated on the monitored

tranches wilh.at least 296 TDF value for the. teansfer under the.systom intact-orcontingency.

7.2.1. FCITC Re-Cateuiation i 2011 Year _ _
Asstated in Seotion 2.1, 2011 '8-N fransfer case-Is created from 2011 base case by increasingsotith-

north transfer up to 19166 MW sothat flow on Arnold (o Hazlston 345 £V line'ts benchmarked at
600 MW. 2011 E-W-tranisfer case is created fronn 2011 base case by increasing:east-wésttransfer up

10 18798 MW 50 that flow on Montezima 1o Bondurant 345KV Hine s benchindrked 41450 MW,

In 201 1-year FCITC calentation, the most constrained facility-Is Salem 345/16] KV transformer

(sssunte Salem transformer hins.not beeh replaced) both under south-north gnd enst-west fransfer. The

FCITC for 2011 SN transferis 1190.5MW, and the FCITE for 2011 E-W fransfér is 1528.6 MW,

For 201£-8-N transfer, ifSalem:345/161 kV transformer s seplaced bya- 4487448 ¥IVA transformer,
the Folowing facilitics are still-preventing. furthersouth-north fransfer up to 600 MW flow on Atndlg

—Hazleton 3d5.kV line since their FCITC values are loss than 1916.6 MW. Sce Tible 14,

¥ cEpombys  %F s 75 buk

3

. Coareed GBS - bodding in .
. . Pk CRT -} ContMVA* Rating .1~ Contingancy. . . t40{{Hasse | DF Fiviiy
34029 SALEM 3345 34030 SALEMNG | 434029 5ALEM 3345
AGL Y . : N v 1 335:0.1734920 L OREI4S 3458 269,2 5.5 1 £190:5
69523 GENOA § 161 58535 1AC TAPS 0 _ | 60302 COULEE. 5161
/iy i frag 306:9 1.69523.GENOA. 5168 1 244.1 3.7 | 17i59
349098 £ CALTS.164-64425 DAVNPRTS 34036'ROCK CR3 345
AA61 1 QARG 2230 § 36382 QUAD 3 3451 1494 [ 4.2 117625
34043 SAVANNAS 161 34046 YORK 5 34029 SALEM ‘3 345 »
16173 - 1672 167,80 §.34036 ROCK CK3 345 | 1127 2.5 | 18564
34422 E-CALMS5 161 34909 € CAL TS 34036 ROCK €K3 345 i
3641 2008 200.0 | 36382 QUAD ; 345 1ie 4.4 |1881.6
34122 BCALMED 161 34126 34029 SALEM 3.345
‘MOOKETAS 161 1 VeS8 176.9 1 34036 ROCK CK3.345 1 96.8 4.2 § 18727
372513725, 5ub-56{Davaprt)~
£,Calamust6l 2217 223.0 148,31 3.911913.9

Tabie 14: Other Constrained Faciiities besldes Salem XFMR for 2031 Year SWW Fransfer
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For 2017 E-W transfer, i Salern 3454161 kV translonmer is replaced by'a 448/448 MVA transformer,
these is no other fucllity preventisgfirther castswest transfer up to45031W on Monteztima -

Bondtirani 345 kV line.

7.2.2 FCITC Re-Calenlation in. 2015 Year A
Asstitted. in Sectlon 2:1, 2015 S-Ntransfor case Is created from 2015 base caserby incrensing south-

norih transfer up to 2036.6. MW so-ihist flow on Armdld toHazleton 345 ¥V Hueis benchmarked at
GOFMW. 2011 E-W transfer case is created from 2015 base cese by increasing east-west fransfer up
10 20313 MW so'that flow on Montezitma 1o Bandurant 345 X% fine is benchmarked at 450 MW,

I 2015 yetr FCITCcatoulation; the most eonstrained Tacifity Is Salem 3457161 &Y transformer

(dssmning Silent trantsformet has not been replacedy:both-under south-north and-eastawest transfer.
The FCYTC for 2071 S-Mteansfer i¢ 1 146.9 MW, and the FEITC for 201 I B-W transfor is. 15404

MW,

For 2013 §-N transfor, if Saltem 345/161 KV transformer is replaced by a 448/448 MVA rransfonner,
the follovidng: facilities are-stil] preventing further south-north.transfer uj to 600 MW flos on Amold

—Hazleton 345 kV'liné since their FCITC valves afe Tess than 2036.6 MV, See Tible 15,

v Leading
% From bitg  &F A% 6. bus 7 L. -} In2016
©-ER ORE . - Conkln | Bating . Tonkingency | Buse DF_] FCiTC
24029 SALEM 3345 34030 SALEM'NS 34029.5ALEM 3345
1614 U7 335.C | 34920.L0RE345. 34571 266.7 | B0 1 11469
34809 E CAL TS5 38} 64425 DAVNPRTS 34036°ROCK CK3 345 . ]
1613 . 2514 2230 | 363R20UAD 3 34571 367§ 43t | 13528
I41PLE CRALMSE 16134909 E CALTS " 34036 ROCK T3 345 e ]
1611 2227 200:0 | 363B2°QUAD ; 3451 13381 441 15138
3725:3725_5ub S6{Davnpit)- )
E.Calamiisi6t 24134 2330 1 . 16441 3.8 15523
34122 ECALMSS 161 34126 34020 GALEM 3 345
-MOGKETAS 161 & 1804 1760 | 34036-ROCK CK3 3451 1050 [ 471 17198
39043 SAVANNAS 161 34046 YORK 34029°5ALEM 3 345 .
5161 3 . £76.0 1670 | 34036-ROCK CK3 3481 13651 20F 1724585
69523 GEHOA § 161 69535 LACTARE &0302°COULEE 5 161 ]
|61t 212.0 306.% | 60523 GENDA 5°361 1 23871 3.7 | 18675

Fable 16 Oiher Constinined Fnéiliiie.s»besitles"S;\tcm‘m?MR- for 2018 Yenr 8-N Traunsfer

For 2015 E-W transfer, if Salem 345/161:KV transformer [s raplaced by » 448/448 MVA transformer,
there s no other facifity preventing forther east-wesi transfer up to 450 MW on Momtezurae -

Bendurant 345 kV iinc,
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7.2.3 Some'Conclusions from FCITC Re-Caleulation o
Based on the FCITC re-cafoufation for southaorth transfer and eastawest-iransfer in 2011 and 2018
years, Salem 345161 KV transformer {s the mest constreined faéilily which prevents thess transfers.
If Satem transformer. is-replaced by a 44843 MV A transformer, thererwill be no Tacillty.préventing
eastewest iransfer-Also TGITC value will beinoreased by morsthan 300 MW forsouthenarih ransfer

112011 yearand. 200 MW for south-north.transfer Iy 2013 vear.
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7.3 Performance in MISO Mariet Wide Dispatch

With the' easternlowa recommended solutions in Section 6.4 added info the 2011 summer peakbase
modél, MISO market wide dispatch is sinmlated for-8760 howrs in 2011 yearusing PROMOD and
system-petfonmance is analyzed. Table N.1 compares the annual branch overloading liours with-and

without the recommended solutions in easter: Tows.

From Table M,1,.it is noted thet overloading hoursiinmost branches are greatly retfuced with the
‘regommended projocts in filace, But there are two. branches with inoreassd overloading hours. These

‘wo branches ave;

1. Lore - Turkey River 161 XV line overloading fiours are incrensed-fronm & ous tor71 ‘hoursy
2. Tutkey Rlver - Cassvifle 161 &V line overloading howrs-are increased from 7 hours 1o 93 houss

As they arg’listed in Table L.d-and L.12, thesetwo branches are alsooverloaded under Category CF
contingency “WEMPLETON 345" with heavy soutie-north transfer in:2011 and 2015, Forthe
overloading on Lorg - Turkey River fing, generation redispatch by baoking down genéraﬁon at"DBQ
5™869.0" OR *BVRCHS2G20.0" fs-a-solutfon. Ovetlonding on Turkey River - Cassville line can be
mifigated by backing dowa-generation it “BVRCH52G20.0" or "PRAR GK7 1157,

Fable N.Z compares flowgate shadow price with and without the-recommended solutions in easiem

Yowa, I is-elear to-see that,

1, Total annual shadow price at constraint-for most fowgates are reduced dramntma[iy with the
recommended enstors Towa-sohitions in ‘phace;
2. Again, annual shadow price at-flowgates with monitored branch of Liore - Tutkey- Kiver 161 kV
fine or Furkey River - Cassville 161 kV-line isinoreased,
3. Annul-shadow price af flowgate 6148 “§148_Genon-LaCrosse-Marshiand flo Genoa- Ouulee is
incrensed a little from.2.06 K3to 2.65 K8,

Based an the above PROMGD analysis, the eastern lowa system can porform well under¥MISQ

market dispatoh with tharecommended sofulions in place, Flow londing on Lore - Tutkey-River 161
k¥ line and Turkey River - Cassville 161 KV line should be closely watched and investigated.
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7.4 hnpaot on Neighboring Systems by Eastern Towa Recommended

Transmission Solutions

The impact-on sunounding systems (ALTW, MEC, ATC-ALTE, ATC-WES, DPC, MPFW) with
eastern lowa resommended transmiission projects implemanted is:analyzed Tnthis section, Fhe-impact
is inainly-analyzed-based on comparisonof AC Ematingcncy analyses bebween 201) summee peak
base modél-with eastern Tows pmjécts and without eastern Fowa projects. In addition, WUMS:
(Wisconsin Upper Michigan Systens} inwport capability-is ziso antlyzed and compared, inpact
sensitivities are Tnvestigated based op-a fow-assumptions. Solutions rre- firrther investipated.

Five additional owgates were added formanitoring loading impact by eastern lowa transmisston
projests. These five:fTowgates ave in MEC and ALTW and descelietl.in Tabilo OL1,

7.4.1 Compatison:on Branch Loadings and Bus Voltages

AC conlingeney atdlysis wasperformed-on 2011 sununer peak-base models with eastern lowa
prajects oravithaut castem lowa projeots: 100°kY and above systems and 69 ¥V end abavetle Hués
ate monitored wndér system inract and odtegory I3 contingencies. Branch theran! loadings above 50%4
of rating are compared and branches with loading change more than $% o rating ere listed for further
<nalysis. To captare shivations of teading changes from above 50% to below 50% of rating, ACCC
results from 2011 summer-peak-base ose without eastern Loiva: prajects ate compared-against resulis
witli eastern [oiva projects, sud vics versa. Bus vefages are monitored within0.85 and 1.05 pa
range i 100 KV and above sysiems. When angbus voliage Is out of the range ander-category A and B
contingencies, 4t is-compared with and withoui oasters Jowa projects, Bus voltage:devimietts more

than 0.01 pa. ave-listed for fmpact.analysis.

Table O.1-1-and Q,1-2 fist all bianches-with foading changes more 1han 5% with cestern fowa

prajects intluded. From these two tablas, a fewnotes are Tisted bélow:

1. For thermal overlouding issues identHfed ineastern lowa system {Chapter'5), their branch loadings '
we all decreased significantly with eastemn lowa recommended projeets ineluded. For example,

Safomn 345/163 ¥V-ansformey, Hazloton 345/161 KV transformer, Ruck Creck 3457161 k¥
transformer, Arnold 3451161 XV wransformer, Dundee §61/1.15 KV fransfornier, Fakfax/Hisavatha

area, Salem/Lore ares, Albeny - Savanna 161 kV ling, Arnold ~Dysart 161 kV line, Dysart ~
Washbunt 161 kV fine, Arnold - Tiifin 245 KV fine, Rock Creek — E. Caleius 161 %V line,

Davenport - E. Calamus — Maquakata - Salem 161 KV tine, Dundeo — Hazleton 161 kY fine;

Pape 81




AltdweseIndependent Transmisston System Operater, Trew

2, With-eastern Towa projects inchuded, most of foading desreases seour on ALTW brariches, but
several branches in ather systems also:see some significant loading decrease. For example, NOM 138
-~ ALE 138 - TOWNLINE [38 LV line:ln WOMS has-sbowl 1% Joading decrease, SR 31T5-E
‘MOLINE, 8B 31T 5-3B 28 5, and SB 7 5-5B 28 3 161 KV lines inMEC have shout 9% toading
decrease;
3. The following branches have loading.increase morethan 5% of their ratings with easteny lowa
projects inclisded:

a) Lore — Furkey River —Cassville — Nelson Deway 163 KV fine

b} Quad Cltles ~ Rook Creek 245-kY line

©) Hazteton 34511 61 kV #1 transformer

dy Hazleton — Blagkhawk 161 KV Fine

" 4. Allthe above brancheswith lording increase have:maximiis Joading below 70% of wting vader

oategory A and B contingencies with enstern lowapraiects inghided;
5. Since Quad:Cities - Rock Creeh 345 KV ling is.recommended to be-uprated by teplacing terminal
eqiifpmént antd Hazieton 3457161 KV #1-teansformer vaill be replaced, loading increase on ihiem is not
fan issue,
6. As disetssed in Section 7.1,.in 20611 and 2015 base scenarios, there Is.no thermal overloading.an
Late — Turkey River— Cassville - Nelson Deway 161 KV line-and Hazleton — Blackhavik 161 kV-line
wwider all catbggry‘}.‘;,- B and C {except C3) contingencies. Gategory-C3 thermal overloading on these
two lines can &l be-mitigated by generation redispatoi. Bnder S and?ﬁ-thmnsfer—scenari.os,- these
two Hnes are overloaded tinder a féw category C (intluding non-C3) contingencies bt they-are not

overloaded under category A and B-contingencies;

Tible 0\1-3 and 0.4+ fist ali flowgate foading ohanges with eastern lowa projects included, These
flovgate foading change resnlts are considtens witk-branch loading compatison results, With eastern

- Towa prajacts Included, loading increase is osily seen on fiowgates with monittred element assoclated
‘with Loro — Tutkey River— Cassville fine, Hazleton 3450161 £V 43 frensformer, or Quad Cities ~
Rock Creek lifie.

Table 015 ligts significant bus voltnge increnses (>0:0) p.u) with eastem lowa projects included for
voltages below 095, p.ti. without eastern Towa projects. Tt is noted that with-eastem Towa profects
included, voltags at Saleis 345 kV bus has up 10 0.083 pau. Incrense, voltape af Dundee 161 ¥V bus
hasup to 8.029 p.u. incrense, vollage at Fairfas 161 ¥V bus has up o 0L026 par. increase, and
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voltages at-Rock Creek 345 KV bus, Beverly (61 KV bus, PCI 161 &V bus, Dundee |15 £V bus all
bave more than ¢.01 pa. inerease,

Based on the above branch loading and bus veliage comparison, it is also demenstrited thet all
identified eastern Towa system Issuies can be-addressed and resolved by the recommendsd solutions,
Execpt loading Tnerease on Lore ~ TurkeyRiver — Cassville —Nelson Dewey 16F k¥ finsand
Hazleton —Bleckhawk 161 &V line, tho eastern Iowa peajesis-have no-adverse impactonpelghboring

sysloms,

7.4.2 WUMS Import. Capibility

Historically, Wisconsin.Upper Michlgan-system relies on-its-powerdmport.capabillty-to.meet ihe Joag
serving need, Soirnpast o WUMS import capabllity with easters [owe projects included is aiso
evaluated, :

Eastern loswa project impacton WUMS lmport-eapability was steidied on 2651 summerpeak-base
madel. Irthat model, 1 108 MW neischeduled interchange was modetled as firm powerim-pr;n for
WLIMS system, fie., WUMS has 1100 MW netimport modelied in the 2011 base case. To evalvats
eastern Iowa praject Impact ot WUMS. import capdbllity, FCITC wes caloulated frony source
subsystern (Aferen, ComEd, MEC, TVA) to sinksubsystem {\WUMS) and compared-among five

differnnt scenatlos, These five scenailos ave:

Scenaric 1 - without EITSG Project: 2011 sumuer peak base case Withgut-easiem
lowa.projects;
Scenario 2 « with BFFSG Projeet (Option 1): 2011 sumimer peak base case with transimission

option I-(Hazicton -~ Salom 345 KV lino).and all-offier eastern lowa projects insluded;

Scenarie 3 - with BITSG Froject (Option 2} 2014 summor-peak base caserwith transmission
option 2 (Hazleton — Lore - Salem 345 KV Hne}and all ofher easters Towa: projec(s ineluded:

Seenariod - EITSG Project (Option 2j-+G527_OfF 2011 summer peak bose casewith transnission

option 2 (Hazleton — Lore - Salem 345 KV Ting) and all other eastern lowa prajects inoluded, plus

assuming new 161 kY transmission line Liberty — Nelson Dawey assooiated with generator
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interconneotion praject G527 is in serviceand siew 300 MW generator preposed lo be bujkt at Nalsbn
Deway (G327} is offling;

‘Scenaric 3 - BITSG Projest (Option 2) + G527-Gn; 201 Lsummer pesk-base case withdtansmission

-eption 2-{Ha¥leton — Lote ~ Salem 345 KV Hine) and afl othier easternlowa prajects inokidet, plus
assurming nsw 161 KV fraiknission Tine Liberty ~Nelsor Dewey. assotiated with gcna’i‘aﬁsr
interconnection project G527 Is inseivies-and new 300.MW gencrator propbsed f6 be bistlat Nelson
Dzwey (G527) is fully dispatched.

“Gesnerator interconnsstion request G527 isproposing to.biitd a 300:MW: power plant at Nélson
‘Dewey. To date, faeliity study hasbeen finighed and Libefty — WdlsanDewey 161 KV Jinsavas
Identified ns:anecessary teansmission line to be. bt withr this 300 MW power plant, Since the
‘gencrator intarconnection agreement has not been signed yst-and:there: aro some uncertéinties for this
‘plantt fo bebuilt, FCITC ealenlations under sesnatios 4 and:5-are for purposes of senditivity analysts

antl Torther solution identiffoation.

Table 0,2-1 lsts the valovtated tofal import capability of WIIMS undet five scenarios. Tap five most
limiting constraints for WUMS fmporiing are Hsted for each scenario. A fev observations are Hsted
below:

1. Figure-6 shows WUMS latest one-yearhouily average real time-exporiing MW lovél. Fronythis
recent one-year real thine data, it s very clear thet WUMS was importipg power-most-of4he finte and
thie maximum hourly average importing MW was about 274) MW.in the mostrecent year, The
caloulated WUMS'FCTTC wnderscenario 1 (2011 basesoenario) is 3180 MW, Before 2011 sumimes,
several projects in WIS suclias constrastion 6f the 200+-mile 345:kV between the Afrowhead

“(Duluth, MN)-and Gardnor Park (Wausau, W1 substations, along:with the addifion of Weston:Unit 4
{536 MW); Oak Creek ExpansionPhase Fand Il units (650 M3V eadh)-and the 2nd 345-K¥ between
Morther Blinois and Sonth Centeal Wisconsin { Wempletown-Paddock) are expected'to be.in servics.
They-ate the contributing factors to the indroass in import capability over-hisloricat capabifittes
reflected in Figure 6;

2. With transmission option 2 and otirer eastern lowa projests included (scenario 3), WUMS FOTTC
is-2470 MW and reduced by about 700 MW comparéd with 3180 MW FCTTC in 201} basa scenario;
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3. With transmission-eption 1-and other castern Tows prajects ineluded (scenario 2), " WUMS. FCTTC
is 2934 MW and 'reduced- by aboul 256 MW compared with FCTTC inseenario 1}

4. Inseenaric 4,if the view Libeny — Nelson Dewey 161 XV Tine is built, even with eption 2 and other
eastern-Jowa projects included, WUMS FCTTC is 3370 MW and increased by sbout 200 WW
comparedwith FETTC in scematin 1; .

5. hrseenardo 5, if generatorinterconnection project G527 will be builtand in seriice {anew 300

MW generator fully dispatcheit at Nelson Dewey-and a new Liberty —Nelson Dowey 161KV Jine),
with option 2 and othet easter lowa projeels-inciinded, WUNMS FOTTCHs 3063 MW aud:stighitly
deereased by about 120 MW compared with 3130 MW FCTHC in scenmrio 1}

&. Under five scenarios, WUMS. import-capabiiity is wostly Hmited by constraints-on Cassvilis —
Turkey River 161 KV line.and-Lore — Turkey River 161 ¥V line with fhe. cé;)ﬁllgency of Seneoa -~
Qenoe-161 XV line. Another limHing constratnt is Paddook 345261 kV transforiwer with the
contingency.of Wempletoww ~Raddock 345KV lne,

L Ifransmission-opition 2 and otheér easter Towa projects wili-bir built, WIMS finporicapability wilt
be maintainet almest the same.as previous FCTTC ifthe new 300 MW power-plant.and is-related
transmission.project in gencratorintercomeotion request G527 will also be bullt, 1 the new generator
snd:transimission line associated with generator interconnzction request G527 will not bebudlt, anew
Tiberty - Nelson Dewey 161 kV line wifi be a-good solution tomaintahy WUMS import capadility,
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WUMS.Hourly: Average. Exporiing M

{02 000

Figure 6: Real Fime WUMS Heutly Average Exporiing MW during Recent'Gne Year
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7.4.3 Further Study on Liberty - Nelson Dewey Line

There-ate a {ow follow-up questions tobe smiswered regardivg themew Libany — Melson Dowey 16}

k' line: These.questionsaré;

1. Withhe (ransmilssion-opifon 2 and-other eastern Towa recommended projects Included, WUMS
import capab’iiiiy—can'siillisc_ miintained a1 alitke higher Jovel Hithanew Fiberty - Nelsoir Dewey
161 KV lingds added: If we-assume fransmission option 2 will be implemented, can the new Liberty -
Nelson Dowey 161 RY Jiie repince a few small-projects reconunended o Eastesn lowa?

2. iCLiberty~Nelson Dewvey 161KV tine is added, wifF it have adverse impact on eagtern lowa

sysfem?

To answer these two questions, tweanodels weré developed from 201 | summer peak base model, The
first modet eirly inctudes transmiséion option 2, Le., Hazlefon —Lore — Salem 345 BV Fue witha
3451161 KV transformer at Lore. The second model includes-transimission opiten 2 and new. Liberty —
Nélson Dewey 161 &V line, DC sontingency analysis results frome these two models are compgred for
al} branches with loading ntose thair 80% of siing, Bvanches with loading chauges mors than 5% of

rating afe eported in Table 0,340,
From Teble Q.3-1, it isolsserved that

1. Loadihg on-Lose ~ Turkey River — Cassville - Netsonw Dewey 161 kV line under category A, B and
€ contingencies i reduced by up 16 30% of rating with new Libery — Nelsor Dewey 161 k¥ line
added;

% Loading on Hhoenix —ddenoniin —T Kielor K alser 69 kV line.under category A, Band C
confingeneies is also reduced significantly withnew: Liberty — Nelson Dewey 161 KV lie added. As
discusset in Seetfon 7.1, tiermal overloading onMenomin — T Kieler — Kaiser 69 bV cari be
itigated by system reconfiguration (open the overioaded linek

3. Theve Is no adverse Impact on eastern lowa'system if fiew Liberty — Nelson Dewey 161 kY linefs

added, i.¢,, there Is no branchiTireastern Towa system wilti.loading incresse 1nore then 5% of rating,

Based on all these analyses, with eastern lowa recommended projects implemented, the new Liberty -
Nelson Dewey 161 KV line can significamly reduce the flow on Lore - Turkey River - Cassville -
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Nelson Dewey 161 KV Hne. Also it can maintain WUMS impost cepabllity ata lnle higher lavel than
the original one.
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7.5 Resl Time Biuding Consteaints and TLRs
High ofdence of TLR (Transmission Loading Reffef) and persistently Redl Time (RTY bound hours

are often indicatlveof Jower system relfability maigins. Durtng presmarket ¢hefore Agril 2005)
system operation, TLR-is & main procedure.to contro] flows and pravent system refibi fity viotattons.
There are alne TLR levels definetd in NERC TLR procedure. With TER leve 3A.and above, flow
sehediles-are cangéd to milligate sysiem relighifity fssues. So TLR level 1A and sbove are-only
auaiveed here. AflerMISD energy marketiscommenced, seoufity consirained economis dispatch
{SCEDYIs becomiing a primary procees for tontsiling security consterints on Bay Akead (DA) and
Real Time gperatlonsl basis. Al pre-defined binding constratnts ate honoured to avoid rellabiily
viotations when SCED process is direcsing.an economic dispaich. If some constraints.are bound in
real {ime oporation, corresponding bound hours antl shadeiv-price. (generation redlispatch-cost) are

-reflecting the congestion severity.

.92 flowgates-and RT binding constralnts in-eastern Iowa or having influcnee on-eastern lovea region
are examined. These 02 flowgates and-RT binding constrabnts have-the-nost calledvon TLR hones or
RT bound hous. Thelrnames and défiiiftions ave Hsied in' Table B,

Level 3A and above TLR hours called on.ihese Rowgates. from January 200 to April2005 épre-
wmarket).and-from Aprll 2005 so April. 2006 (post-market) are examined, T bound hours.on these 52
flowgates arid binding constraing from April 2005 to April 2606 are also exanined becatse:MISO-
Energy Merket has-been in-operatioiv sincs Apfil 2005, Average Annval Hoi-of- Vear of tofal 62
flowgates and binding constraints during 1/1/2004 and 3/3172005 are added up and thete are inp.16
Mlowgates with FG-HR. more-than 19 oftotal casternr lowa TLR hours. Figure'7 is a.diagram of
average snmial TLR hours of these top 16.2astem.lows flowgates; §i miliarly, i the period of &yird}
2005 to April 2006, there-are tap 19 Rowgates.of binding consteaitits with ejther TLR hours or RT
binding hours morg than1% of total eastersy lows: congested.hours, The congested hours of thess g
19 flowgates and binding-constraints are-shown In Figure:s,
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_ We manage power.

From January 2001 10-April 2005, the top 16 Tlowgatesdn eastom lowa with most hours of TLR 34

and-up called o ave listed below:

Tog £
Saguence  LFlowgate Name
1 powashisioRensnor 161 ﬁeri&zumsaﬂanduran! 345
1 Lore-Tirkey River 181 {85Y Wemplelown-Peddeck 846
1 Amotd-Vinton 181 {or D.&raoid-Harelion 346
| Monlezuma-Bondurant 3454V ]
°] 3705 Amold-Hazelon 345 for Wemp-Paddnsk 345
_Salsm 345Hi61 fo Wamplelown-Paddock 345

S 58{Davnpe).E Colamus 184 dor Quad-RocxCrass
- Banog-Coules FLO Genoa:Latrosse-Mershland 161KV
| Solom 345161 Quad Ciles-Gub 91 )
1 Hisie 3457161 {fio} THAn-Buena-Aoié 345
Arnold - Hazlelan

Sub KITiffn- Aol 345KV

Solan 346/461 IULQGBd@Ub 41 1R
Amokd-Hazeflon 345 {80} Monfezuma-Bondursnt 845
15 | Tifin-Arnold 245 fio-Monlpzums-Seadusent 846

16§ Quzd Clty Wasi345RY.
Table Iﬁ' Top 16 Eastern Jows Flowgates with Average Annual Hour-of-Yom (FG-HR) More

Thinn 1% (182001 — 3731/2005)
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Promv April 2005 to April 2006, the top [9-flowgates and bindfng constraints In easténi Towa wilh
mostcongested hours:(TLR or bount hours) are Hsted below:
Top 1
Seqitence  :Fowgate Name
BehosLoiles FLO Banoalalosse-Larshiang - 161hY
1 HAsMonlezumis 345
- ‘Dundag-Hazleton 161KV FLO Dysert-Washbuin 181KV
‘Al - Hazlatan
-AnoldVinion 161 for DAmold-Hozellon 343
ALWIAECE HAZLTON HAZLTDUNDETS 3 4
Sub58|Davap)-E.Calarius 181 (o7 Quat-RackCr345
ALWS4RGT HAZLTON TR21 TRz
MECALEO? HILLS HILLSPARNELS 1 t
ALWGENDS ARNOLD ARNOLTIFFISS 4 1
1 Hazleton Y21 34516 1KV fio Hazleton T22 345HETKY
ALWI4D04, E_GALMS £ CALMOOKELS 1 t
NSPGENGY RARLTON HAZLTARNGLES 1.4
Titfin-Arokd 34BKY fig Atnaki £ 1
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15. | Haziaton-Biackhawk fo Dyeart-Washburn

16 ALWI4035 ARNOLD ARNOLVINTOI6.1 1

17 ) ALWGENDS E CALMS TR8! TRYY

18" 1 :ALW34053_HAZLYON HAZETOUNDEIS § 1

1571 MEG34007 PARNEL PARNEPOWESIS 1.1

Talite-1%; ;1'0111'9 Enstern lowa-FGs 0" Consiraints with TER-or Bound Hours More Thaw 1%
{411/2005 — 3/31/2006)

Figives'6and 7 chateoterize the massive amownt of TLE history and RT oonstrainis boond.cecord,
Average TLR statistics during I71200H and 3/3172006 are focused: Figures listed i Appendin P have
detailed monthly TLR patlemns for sems of top eastern Jowa flowgates from January 2001 to
September 2005, These figures.can helpunderstand the syatem situations when TLRz were called on.

A Tew Gbservations-are listed below based: on'ths Figurds in Appendix P2

1. Most TERs were talled on' these flowgales during summer peak-and Winter pedk tive. Heavy 3-N'
and E-W iransfers are dlso often seen during summier peak and winter pesl perlods;

2, Most TLR hours.ete on TLR level 3A, whieh is, cuitsil tansactions using Non-firm Potnt-to:Point
transmission service to allow transactions using higher priority Point-to Poiint transmiission service;
3. Some-ffowgates have.significant potions of TLR 5A and 5B hours-ameng Its total TLR hours,
These. flowgates-are: FG “Poweshiek-Reasnor 161 for MomezmnaiBondu:aq(-:i@5", Fii “Salem
FU5/561 flo Wempletown-Paddook 345" FGSalem 345/161 Quad Clties-SOb DY, FG “Arnold «
Hazletor™. Thise flowgates are also in thetep 16 flowgate lst With:average annual Honr-o8-Year
{FG-HR) more.than 1% durfng 1/1/2001 - 3/3172005,

As worthy and valueble verifloation, it Is-necessary to cheek: whetlier recommended castern lowa
projests ot oftiet-planned/proposdd prejacts will aildress thesihistorical TER issues 0rRT binding
constraints, Table 18 lists the projects recommended: in this-castern-lowa study or ather planned /
prapased projects, which will address issues assoclated with top 16 flowgates from.January 2001 o
April 2003-an¢ top 19 flowgates and RT binding constraints frameApiit 2005 to Apiil 2006;
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NERG [ Flowgate/Binding Constralist Neme Tranamission Projects for Soltlion
i3} ) . . .

3T PowebhivkRaasnor 154 for Monlaauma-Bonduzantdds Powashink - Reatnor 165 kVEne has.been uparaded to 526
MVATIE June 2005

3707 ‘EorsTurkay-River 161 {0} Wemplelown:-Pedtock 945 Seeond- Wemplstown >~ Paddock 345KV Iine 1 I seniice In

3 7.Sp_nng:2085

3725 ArnotdVaon 164 for D.Ancl-Hazetod:45 Transmission-aption 7. "Lewds Fleldé™ 161 KV subslalion project,

Bﬁléelly 346 KV subslaioniprolécl recommended by eastern {owa-
. siody

S‘ﬂé_fs Moq&ezuma-ﬂandumnt‘ﬂd&kif Fhis ine f3-owned by MEC. ]

705 [ 3705_Arnold-Hozellon 345 for Wermnp-Paddock 346 Sueond Wemplatown - Paddock 345 KV dne-ks T stdvicedn
Spring 2605, Alse tnading-on Arneld - Hazialon 3455V Ene will
a red)ired by iransmission oplon 2 recommendedin.easiem

) {ova study . .

3738 Salem 245161 o Wemplstown Raddock 345 Seeond Woemplaloyh ~ Faddodk 346KV ins Is i sorvica in
Spring 2005. Also toadlngon Selam-345H6F XV Ximyilibe
proaliy reducad by tronsmission aplian 2 rended in

1 easlem towa sludy

3725 Sub 85(DavapH)-ECslamus 6T for QUad-RaekGradE "TransaISEian Opaon 2 tecommented ineasiem owa slﬁdy

8085 Genos-Gobles FLO Genva LaCrossa-Maishland 161kV" 1. Genos - Colleg 167 KY hne will b upgrddedin June 2008

3?1@ Safemn 3486151 Quad Gias-Sub Ot Hr itslon option 216 fad fn eastamiowa sjudy

11764 Hiltste-3451i61 {30} Tdf«n-l}uané-hmctdﬁﬁ Transmisston aplion 2 racommended in easlemh Iewa ey

3706 Amnoid - Hezielon - ~Tiansmlssion.vpﬂon 2 reoomrﬁended ineastamions sti:d_y

[z Sub KiTHfin-Atnoid 345KV Trznsmisslon aption 2, "Lewis F16Ms™ 161 KV aubstation profoct,
Saveqly 346 &V substelion projeciecommended iy eastarn fows
stody

a7z Galem 345161 bor Quad-50b31 TR Tansilssion oplien 2 reconvmendsd Ineaslemn lowa shugy

3749 Amold-Hazeltori-345 (Mg} Moniazuma Borkdurant 346 Transmisstan opllon 2 reconimended In esslerd iowa sudy

IS | Yiffi-Amok 345 fo-Monlezuma . Bonduran! 345 Transnussion aplhﬁtz, “Lawls Finlds" 181KV subsiation prejest,

] . Bevepy-346°kV subslation project recommended insdsiern dows,
-Eludy .

6081 Quag-Cily Wesl 2455 Q0 Wost-345 end 167 KV upprades proposet by WED

12145 | i Fontazuma 345 . - | sk ts owned by MEC,

13256 Dundes-Heaislon 151KV FLO Dyaak- Washbumn 1613V ] Transrdssion opton £ recommended in nasiem v Slusy

HA -ALWMEGS HAZLUTON,_ HAZLTOUNDETR_$ 1 Transrmisslon. optior-2 recommend s in aastar love Sudy

WA ALWALX07_HAZLTON TR21,TR21 Hozlalon 3451181 Kvf L dmr replacemand, Transmission oplion
Zmeommondstd In easiern {ows stigy

NA HMECI400Z_HILLES HiLLEPARRETS_1 1 ‘Reconduetoe-ano subsiamiaiy etiid méwu - Pl 16t kV
fine-proposed by MEC

NA ALWGENGR - ARNOLD_ARNCLYIFFt3d_t_1 Tranemissionafi¥ion 2, "LevAa Fields” 161 KV subsialion projec],
Baverly 348 LW substation project recs Hed in oastemn lowa
sludy

3766 Hazislon T21 MEMBIKV o Haziston T22 3451676V Hazlaton 345/181 KV #1 xims repiacemany, trenemsices oplion
2 tecommondad In angor ows sludy

NA ALWI004_E_CALMS E CAIMAOKETS_1_1 Tesnsmission oplion.2, Baverly 3455V substalion projsct
‘rgcommended in eagiarm lowa shudy

Sibsed Iinfogvmdentt Tdnmu-son Sueem Dpciates fre

01 Chy Ceater Bifve Catmucl, TN 46032

1125 Beerpy Park Drive St Pavl, MM 55108
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NA NSFGENGT_HAZLTON_RAZLTARNOLA_1_1

-Transmisslon opion 2 recommendedin easlerm lowa siidy

13350 Titkn-Amold 345KV Niv Arnold #1 Tiensrdzslon aption 2, L.evis Fielis 161 kv subststionprojed!, .
Bavarly 346 KV substaBonprofect racommendarf [n eastarm loves.
. study ‘ )

13323 Hazdston-Blackhawk fo Dysad-Washbum 1 Leading on-Dysar - Washiuurn 181 KV Fne-wit be redncag by

“ranemisslon aption', Bevery 348 K¢ substation projeed
Tavammended i gasiarn knva studg

A ALVIAT3G_ARNOLD_ARNGLVINTOTE 1.1

| Vransrission opion 7, FLewis Fielde” T6% KV subsalon prafod,

B.eséenr 346 kv subatalion project recommanded in easierd lowe
-sludy

WA | AUWGENGI 6 _CALMS JROT TRET

Transieistion option 2; Bavarly 345 kV sabsialion project
recommendid in aaslam fowa slody

NA ALWRDE HAZLTON_RAZLTOUNDETS_1_1

Trarsmisston ol 2 (eeonenentad Inaaswein [owa Stedy

WA | MEC3002 PARKEL PARNEFOWESTE 3.3

-Racapductor and subslantishy rebufd e Pamel - Bowekshiak
161-kV Ene proposed iy MEC. Alsp lading on Hilsia 345/161
RV xdme Wil e reducad- by transmisslon oplien 2 tecomimanded
- In eastern lowa sludy ’

Foble 18t Pop_Lastern Towa: Flowgates anil Bhidi

‘Transmission Scluions

“Some conciusions can be-drawnfrom Table 18!

ug Constisinte Associated with Theii

1. Tliorecommended eastern Jowa projects are good zansmission solullons to addsess real tims

system issues such as chronic TLRs-and bitiding: constraints in'that region;

2, Mostof eastern lowa-operational Issues can be resolved by transmission.option 2 recommendedin

eastern Tawa study;

3. “Muntezoma-Bondurant 345k V" and "Hills-Montezuma 345" are the onlyriwo flowgates without

any planned/proposed transmission solitions. These two fowgates are owned by MEC.
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7.6 Voltage Stability Performance

7.7 Dynamic Stability Performance
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§..Conclusion
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