STATE OF ILLINOIS
ILLINOIS COMMERCE COMMISSION
Rock Island Clean Line LLC

)
)
Petition for an Order granting Rock Island )
Clean Line a Certificate of Public Convenience )
and Necessity pursuant to Section 8-406 of the ) Docket No. 12-
Public Utilities Act as a Transmission Public )
Utility and to Construct, Operate and Maintain )
an Electric Transmission Line and Authorizing )
and Directing Rock Island Clean Line pursuant )
To Section 8-503 of the Public Utilities Act to )

Construct an Electric Transmission Line )

DIRECT TESTIMONY OF
DR. WAYNE GALLI
ON BEHALF OF

ROCK ISLAND CLEAN LINE LLC

ROCK ISLAND EXHIBIT 2.0

OCTOBER 10, 2012



VI.

VII.

TABLE OF CONTENTS

WITNESS INTRODUCTION
PURPOSE AND COVERAGE OF TESTIMONY
OVERVIEW OF ROCK ISLAND PROJECT

INTERCONNECTION REQUEST AND OTHER INTERACTIONS
WITH PJM AND MISO

MANAGERIAL AND TECHNICAL CAPABILITIES
ROCK ISLAND’S USE OF HVDC TECHNOLOGY

TECHNICAL SPECIFICATIONS FOR DESIGN AND CONSTRUCTION
OF THE ROCK ISLAND PROJECT

13

20

24



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Rock Island Exhibit 2.0
Page 1 of 33

Certain capitalized terms in this testimony have the meaning set forth in the Glossary included as

Attachment A to the Direct Testimony of Michael Skelly, Rock Island Exhibit 1.0.

I. WITNESS INTRODUCTION

Please state your name, present position and business address.
My name is Anthony Wayne Galli. | am Vice President — Transmission and Technical
Services of Clean Line Energy Partners LLC (“Clean Line”). Clean Line is the ultimate
parent company of Rock Island Clean Line LLC (“Rock Island”), the Petitioner in this
proceeding. My business address is 1001 McKinney Street, Suite 700, Houston, Texas
77002.
What are your duties and responsibilities as Vice President — Transmission and
Technical Services of Clean Line?
I oversee and am responsible for the planning, engineering, design, construction and
other technical activities of Clean Line and its subsidiaries with respect to their
transmission projects.
Please describe your education and professional background.
I received Bachelor of Science and Master of Science degrees from Louisiana Tech
University and a Doctor of Philosophy degree from Purdue University, all in electrical
engineering. | am a Senior Member of the Institute of Electrical and Electronics
Engineers, a member of the International Council on Large Electric Systems, and a
registered Professional Engineer in the Commonwealth of Virginia.

I have over 15 years of experience in the electric transmission industry, in both
technical and managerial roles, ranging from power system planning and operations to

regulatory matters and project development. Most recently, | served as Director of
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Transmission Development for NextEra Energy Resources, a subsidiary of NextEra
Energy, Inc. (formerly FPL Group, Inc.), where | developed transmission projects under
the Competitive Renewable Energy Zones (“CREZ”) initiative in Texas. In this position,
I focused on, among other issues, the development of High Voltage Direct Current
(“HVDC”) transmission solutions in the CREZ, and I led all efforts in routing, siting and
engineering transmission lines in the CREZ. Previously, | spent six years at the
Southwest Power Pool, Inc. (“SPP”), where | led the implementation of several
components of the SPP market and grew the SPP Operations Engineering Group over
fourfold to help ensure reliable operations of the SPP grid as it moved toward a market
paradigm. As the Supervisor of Operations Engineering at SPP, my group was
responsible for the real-time and short-term engineering support of the SPP’s Regional
Transmission Organization (“RTO”) functions. These duties included activities primarily
directed toward maintaining real-time system reliability through engineering support for
the SPP Reliability Coordinator and Market Operations, performing short-term tariff
studies, operational planning activities (e.g., processing outage requests), and engineering
analysis support of the SPP Energy Imbalance Services Market. Additionally, my group
led the implementation of several facets of the SPP market system and performed
acceptance testing of various software systems.

My background also includes system planning experience with Southern
Company Services, a subsidiary of Southern Company, where | analyzed expansion plans
for 500 kV transmission facilities, and commercial power systems experience with

Siemens Westinghouse Technical Services. Additionally, | have held academic positions
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at the university level and have helped design shipboard power systems for the U.S.
Department of Defense.

Have you testified previously before regulatory commissions?

Yes, | have provided testimony in proceedings before the Federal Energy Regulatory
Commission (“FERC”), the Public Utility Commission of Texas, the Kansas Corporation
Commission, the Oklahoma Corporation Commission and the Arkansas Public Service
Commission.

1. PURPOSE AND COVERAGE OF TESTIMONY

What is the purpose of your direct testimony?

I am testifying in support of Rock Island’s request to be issued a Certificate of Public
Convenience and Necessity pursuant to Section 8-406 of the Illinois Public Utilities Act
(“PUA”) to operate as a public utility in the State of Illinois and to construct and operate
the Rock Island Clean Line transmission project (“Rock Island Project” or “Project”) and
for an order pursuant to Section 8-503 of the PUA authorizing and directing Rock Island
to construct the Rock Island Project. Specifically, | will describe the status of the
interconnection process for the Project. | will describe Rock Island’s interactions with
the PJM Interconnection, LLC (“PJM”) and the Midwest Independent Transmission
System Operator, Inc. (“MISO”) to process and obtain the interconnection studies and
other approvals from these organizations necessary to proceed with the Rock Island
Project. I will also describe the reasons for and benefits of Rock Island’s proposed use of
HVDC technology for the Rock Island Project. | will address Rock Island’s managerial
and technical capabilities to be certificated as a public utility providing transmission-only

services and to construct, operate and maintain the Rock Island Project. My testimony
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will help to demonstrate that Rock Island is capable of efficiently managing and
supervising the construction process for the Rock Island Project and has taken sufficient
action to ensure adequate and efficient construction and supervision of construction.
Finally, I will provide information on the proposed design and technical specifications for
the Rock Island Project, including the justification for the right-of-way width that is being
requested.

Will you be discussing route development for the Rock Island Project?

No. While my group at Clean Line is involved with all technical aspects of its projects,
including environmental analysis and routing, | will not be testifying to route
development or routing decisions. Testimony on these topics is presented by Rock Island
witnesses Hans Detweiler and Matthew Koch.

In addition to your prepared testimony, which is identified as Rock Island Exhibit
2.0, are you presenting any other exhibits?

Yes, | am also presenting Rock Island Exhibits 2.1 through 2.10, which were prepared
under my supervision and direction. | will discuss each of these exhibits in the course of
my testimony. In addition, | have also referenced several web sites that provide
additional information on certain of the firms that have been contracted to provide
services for the Rock Island Project. Finally, 1 have also referenced, via footnotes,
websites with information from MISO and PJM that are pertinent to our interconnection

processes.
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1. OVERVIEW OF ROCK ISLAND PROJECT

Please describe the transmission facilities that Rock Island proposes to build.

Rock Island is planning to develop, construct, own and operate the Rock Island Project
and to provide open access transmission service on this facility. The Rock Island Project
will run from a point in O’Brien County, lowa, interconnecting to the 345 kV Raun —
Lakefield Junction transmission line, to an interconnection in Illinois with the extra high
voltage (“EHV”) transmission system within the PJM Interconnection — specifically the
Collins 765 kV substation in Grundy County, lllinois. The Rock Island Project will be an
approximately 500-mile-long, nominally +600 kV/* HVDC transmission line that will be
capable of delivering 3,500 megawatts (“MW?”) of power and is expected to deliver
approximately 15 million megawatt hours (“MWh”) of renewable energy per year to
Illinois for delivery into the PIJM Interconnection. The HVDC portion of the Project will
be the nominal +600 kV transmission line from the western converter station to the
eastern converter station. In addition to the transmission line itself, associated facilities
will include the aforementioned converter stations at the western end and near the eastern
end of the line for converting alternating current (“AC”) electricity delivered to the Rock
Island Project into direct current (*DC”) and converting DC electricity transmitted by the
line into AC for delivery back into the grid, respectively. A relatively short
(approximately 3 - 4 miles) set of parallel 345 kV AC lines will be constructed from the
eastern converter station into a new AC substation adjacent to the Collins substation
where the voltage will then be transformed via two or three 345/765 kV transformers for

interconnection to the Collins 765 kV bus. The intent is to connect directly into the

! As described later in my testimony, the voltage may be increased to as high as +660 kV.
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Collins substation (through new dedicated 345/765 kV transformation); however, if
expansion of the existing Collins substation cannot be accommodated, a new AC
substation will be needed to house the 345/765 kV transformers. In the latter event, Rock
Island will acquire land in fee of 20 acres or less adjacent or near to the Collins substation
on which to place the new AC substation. The set of 345 kV AC lines will consist of one
single circuit 345 kV line and one double circuit 345 kV line. The right of way (“ROW?)
for the single circuit 345 kV will be contiguous to the ROW for the double-circuit 345 kV
line. The associated facilities will also include other improvements, such as collector
lines, to bring the wind resources from wind generation sites in O’Brien County, lowa,
and surrounding areas to Rock Island’s western converter station.

IV. INTERCONNECTION REQUEST AND OTHER INTERACTIONS
WITH PJM AND MISO

Has an interconnection request for the Rock Island Project been submitted to PIM?
Yes. We currently have three requests for various levels of study with PJM. Clean Line
initially submitted a request in January 2010 to interconnect the Rock Island Project with
the PJIM network in Illinois. Rock Island Exhibit 2.1 is a copy of the January 2010
interconnection request and PJM’s initial acknowledgement. This interconnection
request is represented by queue position V4-058, which originally requested full Firm
Transmission Injection Rights (“FTIR”) for 3,500 MW, the request for FTIR was
subsequently reduced to 1650 MW with 1850 MW remaining as Non-firm Transmission

Injection Rights (“NFTIR”), as reflected in the feasibility study for this request published
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on August 30, 2012.2 On September 14, 2012, this request was withdrawn because, as |
will describe, Rock Island acquired queue positions further along in the study process.

In 2011, Rock Island purchased queue positions S57, S58, and U3-026 from
another entity, as seen in Rock Island Exhibit 2.2. These positions represent 1192 MW of
FTIR and 2308 MW of NFTIR and are further described in Rock Island Exhibit 2.3.
These three queue positions represent a 3,500 MW HVDC transmission interconnection
at the Collins 765 kV substation in the Commonwealth Edison Company (“ComEd”)
transmission system. Rock Island acquired these queue positions in order to advance the
Project ahead of the original VV4-058 position. At the time of purchase, these three queue
positions had progressed farther in the PJM interconnection process than had the original
V4-058 position.

Please describe the PJM Merchant Transmission Interconnection process.

The merchant transmission interconnection process is initiated by a developer submitting
to PJM an executed Transmission Interconnection Feasibility Study Agreement per
Attachment S to the PJM Open Access Transmission Tariff. PJM’s interconnection study
process involves a three-phase study approach. Phase | is the Feasibility Study, and it
assesses the practicality and cost of accommodating the interconnection of the project
with the PJM transmission system. This study focuses solely on the load flow analysis of
probable contingencies and provides high-level, preliminary estimates of the type, scope,
cost, and lead-time for construction of facilities required to interconnect the project. In
order to conduct a Feasibility Study, information requested by PJM includes the data

needed to properly model the transformer at the interconnection point to the PJM grid

% \/4-058 feasibility report may be found publicly at http://www.pjm.com/planning/merchant-transmission/trans-
queue-withdraw.aspx.
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(the inverter transformer) as well as the two-terminal DC data necessary in order to
model the HVDC line and converter stations in PJM’s modeling software.

Phase Il is the System Impact Study, the intent of which is to determine a plan,
with cost and construction time estimates, to connect the project to the PJM network at a
location specified by the interconnection customer. This study involves an expanded
focus of not only load flow, but also voltage and angular stability and short circuit
impacts to the PJM network. In order to conduct a System Impact Study, information
requested by PJM includes a stability model of the HVDC project in order to properly
model the dynamic interactions of the HVDC converter stations with the PJM grid.

The final phase is the Facilities Study. The purpose of the Facilities Study is to
provide engineering and, as appropriate, detailed design, including cost estimates and
project schedules, to implement the conclusions of the System Impact Study regarding
new installations or modifications to existing facilities required to facilitate the requested
interconnection to the PJIM network. Any time updated modeling data are available, it is
expected that these new data will be shared with PJM in order to refresh studies to ensure
previous results are still valid.

The three phases of studies | have described are all performed by PJM or by
consultants retained by PJM, but they are paid for by the entity requesting
interconnection.

Does PIJM have well defined processes for moving through the various studies and
defining roles and responsibilities of each participant in the process?

Yes. The interconnection process is described in detail in the PJM Manual 14 Series.
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What is the status of each of the interconnection requests for the Rock Island
Project?

PJM has completed Feasibility Studies and System Impact Studies for our S57 and S58
requests. The Facilities Study Agreement (“FSA”) was executed on January 26, 2010.
Pursuant to planning criteria that were introduced into the PJM Manual 14B on June 22,
2011, these queue positions are now being analyzed under light load conditions. This
light load analysis has delayed the start of the Facilities Study. PJM has completed a
Feasibility Study for queue position U3-026 and is currently conducting a System Impact
Study for this queue position.

Will the Collins Substation and the ComEd transmission system be able to
accommodate the interconnection of the Rock Island Project and the introduction of
3,500 MW of new generation capacity into the system?

Yes, this is what the interconnection study processes are intended to determine — either
that the existing system can accommodate the proposed interconnection, or if not, what
specific system upgrades and reinforcements are needed in order to accommodate the
proposed interconnection.

Does PIJM employ a regional planning process and if so, what is Rock Island’s role
init?

Yes. PJM’s Regional Transmission Expansion Plan (“RTEP”) process identifies
transmission system additions and improvements for the PJM region to ensure security
and efficiency in PJM’s transmission system and energy markets. One input to the RTEP
is the interconnection queue that PJM manages for both generation and transmission

interconnection requests that intend to connect to the PJIM grid. As | have described,
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Rock Island is currently undergoing interconnection studies through the PJM queue as a
result of the three interconnection requests owned by Rock Island. PJM’s policy for
including interconnection queue projects within the RTEP mandates that once a project
has executed a FSA, it will be considered in the RTEP for planning purposes. As
previously mentioned, two of Rock Island’s queue positions, S57 and S58, have executed
FSAs. Per an email dated August 25, 2012, from Mr. Paul McGlynn of PJM, attached as
Rock Island Exhibit 2.4, and slide eight of a PJIM Transmission Expansion Advisory
Committee presentation dated July 12, 2012, attached as Rock Island Exhibit 2.5, we
anticipate that Rock Island will be included in PJIM’s 2012 RTEP upon completion of the
aforementioned light load analysis.®

Please explain the significance of a project’s inclusion in PJM’s RTEP.

The significance of a project being included in PJIM’s RTEP is that the upgrades that
have been deemed necessary to deliver the requested amount of capacity (in the case of a
generator) or FTIRs (in the case of a transmission project), as identified in that project’s
System Impact Study, will be included in the transmission models used for the RTEP
analysis, as will a model of the project itself. The project, however, will only be utilized
within the RTEP analysis if it is needed to meet load and will not be allowed to “back
off” a constraint (that is, relieve a constraint by providing counter-flow) unless the project

has an executed Interconnection Services Agreement (“ISA”). Rock Island expects to

3 Projects with executed FSAs are modeled in PIM’s RTEP but are modeled offline. These same projects are,

however, modeled online for the generation deliverability aspect of RTEP if they are needed to meet load. See PIM

Manual 14-B; available at:
http://www.pjm.com/~/media/documents/manuals/m14b.ashx.
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execute an ISA upon completion of the Facilities Studies, at which point the RTEP will
fully incorporate the Rock Island Project.

Since the Project is interregional in nature, are you also involved with any processes
in MISO?

Yes. Because the western converter station is very close to the MISO/SPP seam, Rock
Island has discussed the Project with the staff of MISO, the RTO through which the line
will run in lowa and parts of Illinois, and with officials of the SPP RTO. In January of
2010, Rock Island and MISO staff agreed that the best approach in studying any potential
impacts to the MISO system due to the interconnection of the Rock Island Project would
be to perform a “no harm study.” The emails dated January 29, 2010, that Rock Island
submitted to MISO requesting that it complete a no-harm study are Rock Island Exhibit
2.6. A follow-up meeting was held with MISO on October 1, 2010, which resulted in a
similar, but more formal, request being submitted on November 17, 2010, which is Rock
Island Exhibit 2.7. This study involves modeling the Rock Island Project in the MISO
transmission base cases that are used for the MISO Transmission Expansion Plan
(“MTEP””) modeling efforts to ensure that the Rock Island Project causes “no harm” to
the reliability of the MISO system. In June of 2011, the Rock Island Project was also
submitted to MISO for inclusion in the 2012 MTEP and was subsequently assigned
project ID #3793 in MISO’s MTEP project database.* MISO staff presented the Rock
Island Project to the West Technical Studies Task Force (“TSTF”) on January 26, 2012.
The TSTF is part of the MISO Subregional Planning Meetings, which are held in

accordance with FERC Order No. 890, Attachment K, to encourage an open and

* The MTEP project database (MTEP Appendices) can be found at
https://www.midwestiso.org/Planning/TransmissionExpansionPlanning/Pages/TransmissionExpansionPlanning.aspx
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transparent planning process. These forums provide early stakeholder involvement with
planning issues and proposals on a more local basis.

The current understanding between MISO staff, PJM staff and Rock Island is that
a fully coordinated no-harm study will be required. These studies are currently being
performed with the HVDC system design efforts, and formal coordination between
MISO, PJM and Rock Island began with a teleconference held on August 16, 2012. This
study incorporates more specific design details from Rock Island’s HVYDC equipment
vendor, Siemens, and will be completed in mid- to late-2013.
Who owns the line to which the Project’s western converter station will be
interconnecting in O’Brien County, lowa?
The Project will be interconnecting to MidAmerican Energy Company’s (“MidAm
Energy”) 345 kV Raun-to-Lakefield Junction transmission line that traverses O’Brien
County.
Have you had discussions with MidAm Energy about the Project interconnecting
with MidAm Energy’s facilities?
Yes. We have had several interactions with MidAm Energy regarding the Project. Most
recently we have submitted an interconnection request per the MidAm Energy
Transmission Interconnection Guidelines. Rock Island Exhibit 2.8 is a copy of the
interconnection request.
Why does the Project need to interconnect with the 345 kV MidAm facility?
In general, because of the type of HVDC technology that is being proposed (i.e., Line
Commutated Converter or “LCC”), there is a need to interconnect to the existing grid for

commutating voltage support to ensure robust commutation performance. During the
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operation of an LCC HVDC facility, current is transferred from one inductive phase to
another based on the polarity of applied voltage across each thyristor valve; the time it
takes to transfer is called the commutation time. Commutation requires a relatively stiff
voltage source (i.e., one that does not significantly fluctuate in magnitude during a
disturbance) in order to ensure the right polarities are applied across the valve. The
commutation time is related to the overlap angle where current is building up in the
incoming valve and going out in the outgoing valve. Overlap angle increases with
increasing DC current and with decreasing AC voltage. If the AC commutation voltage
source is not sufficiently stiff or stable, commutation may suffer during faults, periods of
voltage distortion, or undervoltage events that affect the commutation voltage. While the
point in the grid that we are considering for interconnection is not as robust as would be
preferred, there are design features that can be added in order to ensure a robust
conversion. Additionally, we will design the converter to meet all the requirements of the
MidAm Energy Technical Requirements for Transmission Interconnections.’

V. MANAGERIAL AND TECHNICAL CAPABILITIES

Will Rock Island and its parent company, Clean Line, have the managerial and
technical capabilities to develop, construct and operate the Rock Island Project?

Yes. Clean Line has established a management and technical team with significant
experience in the relevant developmental, technical and regulatory arenas for projects
such as the Rock Island Project. The testimony of Michael Skelly, the President and
Chief Executive Officer of Clean Line, provides detailed information on the background

and experience of the Clean Line management team.

® Available at; http://oasis.midwestiso.org/oasis/MEC .
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The Clean Line management and technical teams will supervise and oversee the
contractors who will perform the detailed engineering/design, procurement, construction,
and operating and maintenance functions for the Rock Island Project. Clean Line and
Rock Island will contract with and rely on experienced, qualified companies to perform
these functions. We have and will select vendors, contractors and consultants with strong
and suitable expertise in all areas relevant to the Rock Island Project.

Specifically, Rock Island has contracted with Contract Land Staff, LLC, a firm
experienced in land acquisition activities in the areas where the Project will be
constructed, to assist in contacting and negotiating with landowners to secure necessary
rights-of-way.®

Rock Island has engaged HDR Engineering, Inc. (“HDR”) as the principal
consultant to assist with route development, permitting, environmental, land use, and
public outreach activities for the Project. HDR is a large, well-qualified engineering and
consulting firm with over 90 years of experience in engineering and design work for
clients in the electric power industry as well as other infrastructure segments.” Rock
Island witness Matthew Koch provides additional information on HDR’s capabilities and
experience.

POWER Engineers, Inc. (“POWER?”) has provided transmission line engineering
support for the Rock Island Project. POWER provides engineering/design, construction,

asset management, and other services to the power generation and power delivery

® Additional information about Contract Land Staff, LLC can be found at http://www.contractlandstaff.com/
" Additional information about HDR’s qualifications, experience, capabilities and scope of services is available at:
http://www.hdrinc.com (last visited Oct. 3, 2012).
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industries and other industries.® POWER has developed preliminary design criteria and
structure designs and provided engineering support in the route development process.

In June 2011, Rock Island conducted a rigorous RFP process to select a qualified
engineering, procurement and construction (“EPC”) contractor. As a result of that
process, Rock Island has entered into an agreement with Kiewit Power Constructors Co.,
(“KPC”) to supply construction advisory and development services for the Project
leading up to an EPC contract. Rock Island witness Morris Stover provides additional
information on KPC’s capabilities and experience. Our agreement with KPC provides
Rock Island with the necessary expertise in developing detailed construction schedules,
procurement capabilities, and expertise in project and construction management for large
linear infrastructure projects. KPC will also help Rock Island to identify qualified local
suppliers and contractors as part of Rock Island’s commitment to benefit the local
economy.

Has Rock Island identified any vendors for equipment and materials for the Rock
Island Project?

Yes. As part of Rock Island’s commitment to a local supply chain, Rock Island has
entered into an agreement with Southwire Company (“Southwire”) as the preferred
supplier of the overhead transmission conductor for the Project. The goal of the
agreement is for all of the overhead conductor for the Project to be produced in
Southwire’s Flora, lllinois facility. This order will be approximately $70 million and will

require a 12-to-14 month production spot within the Flora, Illinois facility.

® Additional information about POWER Engineers, Inc.’s qualifications, capabilities and scope of services is
available at: http://powereng.com (last visited Oct. 3, 2012).
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Rock Island has contracted with Siemens Energy, Inc. (“Siemens”) for provision
of the HVDC converter stations. Siemens is a world leader in HVYDC technology and has
installed over 17,000 MW of HVDC capacity world-wide, including some recently
completed large projects in China. Siemens has completed at least ten projects in the
U.S., including the Neptune Regional Transmission System, which was also a PIJM
merchant transmission project. By partnering with Siemens early in the Project, Rock
Island has obtained the expertise and knowledge of a world-class expert in HVYDC
technology, which will help to ensure an optimal and reliable design and efficient
implementation for the converter stations. Under the contract, Siemens will perform
detailed design studies and system analysis earlier than is typical for HYDC projects so
that any operational and reliability concerns can be identified and mitigated well before
construction begins; these studies will provide critical input into interconnection studies
that will be performed by the affected RTOs. Having the technology vendor involved
early in the process will help the RTOs and interconnecting utilities become aware of the
detailed design and operational characteristics of the Project to an extent that is not
normally reached until much later in the process, thus enabling their studies to be more
fully representative of the final project.

Will Rock Island also contract with experienced services providers for operation
and maintenance of the transmission line?

Yes. For operations, Rock Island may contract with an entity that has a control room and
transmission operating capabilities to operate and control the Rock Island Project.
Alternatively, Rock Island will explore the possibility of the creation of a control room

and appropriate staffing to ensure reliable operations. In connection with its request to
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FERC for negotiated rate authority, Rock Island has committed to turn over functional
control of the Rock Island Project, including scheduling, to an RTO, which most likely
will be PIM. With respect to maintenance of the Project, Rock Island will contract with a
firm or firms experienced in electric transmission maintenance and operations to provide
maintenance services and capital replacements and upgrades as necessary. This contract
could be with a utility or utilities or with a firm that performs transmission line
maintenance and construction services. Additionally, Rock Island will work closely with
the interconnected utilities, relevant RTOs and other entities in the region, to ensure that
appropriate operational agreements, which ensure coordinated operations, are in place,
per North American Electric Reliability Corporation (“NERC”) reliability standards.
Operations and maintenance will be performed to meet or exceed all applicable standards
and codes.

Is the Rock Island Project the only transmission line project being developed by
Clean Line?

No. Clean Line and its subsidiaries are also developing the Plains & Eastern Clean Line
transmission project, the Centennial West Clean Line transmission project and the Grain
Belt Express Clean Line transmission project. The Plains & Eastern Clean Line
transmission project will bring electricity from wind generation sources in western
Oklahoma, western Kansas, and the northern panhandle of Texas, to the Tennessee
Valley Authority, Arkansas, and the southeastern U.S. The Centennial West Clean Line
transmission project will bring wind and solar resources from eastern New Mexico and
Arizona to the Los Angeles Basin in California. The Grain Belt Express Clean Line

transmission project will bring electricity from wind generation sources in western
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Kansas to load centers in eastern Missouri, the MISO region of Illinois, the PJIM market
in southwestern Indiana and points farther east. All of these projects have a similar
rationale to the Rock Island Project: connecting the country’s strongest renewable
resources to load centers via long-distance HVDC transmission facilities. In developing,
designing and constructing the Rock Island Project, Clean Line and Rock Island will
benefit from knowledge gained while developing, designing and constructing these other
projects.

Do Clean Line and Rock Island plan to open and maintain an office or offices in
lllinois in connection with the construction and the operation and maintenance of
the Rock Island Project?

There will be temporary construction offices opened at various points along the route of
the Rock Island Project during its construction. These offices may be facilities of Rock
Island or facilities of one or more of the project contractors. After the transmission line is
placed into service, Rock Island anticipates that there will one or more facilities opened
along the route of the line as the base(s) of operations for operating and maintenance
personnel. These facilities will either be facilities of Rock Island or facilities of the
contractor or contractors retained to provide operating and maintenance services for the
Rock Island Clean Line. The facility or facilities will be located such that resources can
be quickly allocated to any point on the transmission line where maintenance or

restoration services may be needed.
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Will Clean Line and Rock Island be prepared to comply with applicable regulations
of the Commission in the design, construction and operation of the Rock Island
Project?

Yes. Clean Line and Rock Island recognize that there are Commission regulations that
will be applicable to Rock Island’s activities when it becomes certificated as a public
utility in Hlinois. These regulations include 83 Illinois Administrative Code Part 305,
Construction of Electric Power and Communications Lines (which incorporates portions
of the National Electrical Safety Code). As a certificated public utility in Illinois, Rock
Island will design, construct and maintain the Rock Island Clean Line in accordance with
the provisions of Code Part 305.

Will Clean Line and Rock Island be prepared to comply with applicable NERC
reliability standards in operating the Rock Island Project?

Yes. NERC reliability standards became mandatory and enforceable (through the
imposition of monetary penalties or other sanctions) in June 2007, pursuant to Section
215 of the Federal Power Act and regulations and orders of the FERC. Compliance with
these standards is important to ensure the reliability of the bulk power system. Rock
Island expects to be registered on the NERC Compliance Registry for the reliability
functions of a “Transmission Owner,” a “Transmission Operator,” and a “Transmission
Service Provider” (depending on the nature of its arrangements with a third party or
parties to operate the Rock Island Project, which could result in some or all of the
Transmission Operator or Transmission Service Provider functions being assigned to the
third party). Therefore, Rock Island will be subject to applicable requirements of one or

more NERC reliability standards in some or all of the following categories: Resource and
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Demand Balancing; Communications; Critical Infrastructure Protection; Emergency
Preparedness and Operations Procedures; Facilities Design, Connections and
Maintenance; Interchange Scheduling and Coordination; Interconnection Reliability
Operations and Coordination; Modeling, Data, and Analysis; Personnel Performance,
Training, and Qualifications; Protection and Control; Transmission Operations;
Transmission Planning; and Voltage and Reactive. Rock Island will be prepared to
comply with the requirements of the reliability standards that are applicable to its
activities.

V1. ROCK ISLAND’S USE OF HVDC TECHNOLOGY

Why has Rock Island decided to use HVDC technology for the Rock Island Project?
HVDC is a more efficient technology for the long-haul transmission of large amounts of
electric power because substantially more power can be transmitted with lower losses,
narrower right-of-way, and fewer conductors than with an equivalent high voltage AC
(“HVAC”) system. In general, over long distances, EHV AC transmission lines require
intermediate switching or substations approximately every 200 miles in order to segment
the line to handle issues attendant with voltage support, transient over voltages, and
transient recovery voltages. Additionally, EHV AC lines used for long-haul applications
exhibit angular and voltage stability limitations, have a higher requirement of reactive
power dependent upon loading, and have higher charging currents at light load. It takes
more lines (and thus more right-of-way) to move large amounts of power over a long
distance with AC than it does with DC. It is typically thought that at distances beyond
about 300 miles, HVDC is the most efficient means to move power via overhead lines;

however, this can vary depending on a number of factors. It should be emphasized,
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though, that HVYDC and HVAC facilities are quite complementary when considering the
integration of large amounts of renewable power into the electric transmission grid. A
stronger HVAC network will reduce the cost of equipment needed to install HVDC
converters, enable the collection of generation, and move power to load in the delivery
system.

The use of HVDC technology is a particularly appropriate solution for the Rock
Island Project (and Clean Line’s other current transmission projects), for moving large
amounts of power from variable generation sources (such as wind farms) over long
distances, primarily or exclusively in one direction. In this application, DC lines result in
a lower cost of transmission than AC lines. The use of HVDC technology has a number
of distinct benefits, including the following:

(1) HVDC lines can transfer significantly more power with lower line losses over

longer distances than comparable AC lines;

(2) HVDC lines complement AC networks without contribution to short circuit

current power or additional reactive power requirements;

(3) HVDC lines can dampen power oscillations in an AC grid through fast

modulation of the AC-to-DC converter stations and thus improve system stability;

(4) HVDC technology gives the operators direct control of energy flows, which

makes HVDC particularly well-suited to managing the injection of variable wind

generation;

(5) HVDC lines, unlike AC lines, will not become overloaded by unrelated

outages, because the amount of power delivered is strictly limited by the DC
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converters at each end of the HVDC line, thereby reducing the likelihood that

outages will propagate from one region to another; and

(6) HVDC lines utilize narrower rights-of-way and fewer conductors than

comparable AC lines, thereby making more efficient use of transmission corridors

and minimizing visual and land use impacts.

Is the HVDC technology that Rock Island plans to use for the Rock Island Project
an experimental or recently introduced technology?

Absolutely not. HVDC technology has been used and proven for several decades. In
North America, there are over 30 HVDC installations, dating back as far as 1968. Of the
30 plus projects, there are 11 HVDC lines in North America that have a combined
capacity of approximately 14,000 MW. The remaining HVDC projects are back-to-back
HVDC converters, which function the same as an HVDC line but have no overhead or
underground line to connect the rectifier and inverter; rather, they are connected directly
to each other within the same substation via a DC bus.

Worldwide, HVDC applications are commonplace and are continuing to increase
in applications similar to what Rock Island plans to use for the Rock Island Project (and
Clean Line plans to use for its three other current transmission projects). For example, in
India and China, there have been over 16 significant applications of the technology since
the early 1990s. In China, alone, there are currently 11 operating projects with more than
35,000 MW of capacity, with plans to add an additional 33 projects totaling more than
217,000 MW of capacity. India has over 10,000 MW currently operational and over
6,000 MW in planning. Australia, New Zealand, Brazil, Japan and Europe have each

installed large HVDC transmission projects since the late 1960s. Europe, in particular,
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has plans for multiple HVDC projects underway to support major off-shore wind
applications in the North Sea as well as around the United Kingdom.

Can you give some examples of significant HVDC transmission installations in
North America?

Yes. The Pacific Intertie project is an 846-mile +500 kV HVDC line, which transmits
3,100 MW of power from the Pacific Northwest, with its vast hydro resources, to the Los
Angeles area. This intertie originally went into service in 1970 and was upgraded to its
current capacity in 1989. This project is undergoing yet another upgrade, which will
further increase its capability.

The Intermountain Power Project (“IPP”) is an HVDC transmission system,
operated by the Los Angeles Department of Water and Power, which moves 1,920 MW
of power from south of Salt Lake City, Utah into the Los Angeles Basin. In 2008,
approval was obtained to upgrade the IPP HVDC line to a capacity of 2,400 MW.

Another example is in Canada where the Nelson River Bipole connects hydro
resources in Northern Manitoba to the population centers in Southern Manitoba. The
Nelson River projects have over 3,800 MW of capacity and cover over 550 miles.
Currently, Manitoba Hydro is planning the addition of a third bi-pole to the Nelson River
project. Finally, the Quebec-New England project, which delivers 2,000 MW over 932
miles from the southern Hudson Bay area in Quebec to near Boston, Massachusetts, was
commissioned in 1990-1992.

The most recent additions in the United States include the Neptune project, which
transmits 660 MW over 65 miles, with nearly 50 miles underwater, and connects Long

Island and New Jersey; and the Trans Bay Cable, a 53-mile, 400 MW project, which
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brings power underneath the bay into the San Francisco area. Both of these projects were
built by Siemens.

Other North American HVDC projects include the CU Powerline and Square
Butte Projects, which bring remote generating resources from North Dakota to
Minneapolis, Minnesota and Duluth, Minnesota, respectively; and multiple back-to-back

(no overhead line) HVDC projects between the various Interconnections.

VIl. TECHNICAL SPECIFICATIONS FOR THE DESIGN AND CONSTRUCTION OF

Q.

THE ROCK ISLAND PROJECT

Please provide the voltage rating (kV), operating voltage (kV), and normal peak
operating current rating for the Rock Island Project.

The Project will be rated at 600 kV. The operating voltage also will be 600 kV. (It is
possible, as discussed later in this testimony, that a slightly higher voltage may be
utilized.) In a bipolar HVDC project, as proposed for the Rock Island Project, the
positive electrical pole (“pole”) is at a potential of +600 kV relative to ground and the
negative pole is at a potential of -600 kV relative to ground. Hence, we state that the
voltage of the project is £600kV. As measured between the poles, the voltage would be
1,200 kV. Each pole will carry one-half of the power (1750 MW delivered per pole) with
a peak operating current of approximately 2,917 amperes (“A”).

In HVDC projects, one refers to a “pole” as opposed to a “phase,” is that correct?
Yes. In AC transmission, there are typically three phases, hence three-phase power.
Each phase has a set of conductors associated with it. With HVDC, we talk about
“poles.” These poles are not to be confused with the structures that hold the wires. A bi-

polar HVDC project has two poles and each pole has a set of conductors associated with
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it. A very rough analogy would be the “poles” on your car battery where you have a
positive pole and a negative pole.

What are the various operating modes of an HVDC bipole?

An HVDC bipole project normally operates so that both poles are transmitting one-half
of the power and the current is equal in the poles. However, certain circumstances, such
as a contingency or maintenance condition, can occur, which result in only one pole
being available for transmitting power. In this case, the project would be operating in
what is known as monopolar mode. (Again, the term “monopole” in this context should
not be confused with the structures used to support the conductors). Monopolar operation
may occur through a ground return path or a dedicated metallic return if the other pole
conductor is not available to act as the return.

For example, if a maintenance outage is required to repair power electronic
devices in the valve hall of one of the converter stations, then the monopolar operation
would utilize both sets of pole conductors but could transmit only one-half the power (or
more depending upon overload capability as discussed below). However, if the pole
outage was due to maintenance on one of the sets of pole conductors, then the monopolar
operation will utilize a current return path via dedicated metallic return or earth return.
Please describe what is meant by a dedicated metallic return and an earth return
and which one Rock Island intends to utilize for the Project.

In HVDC configurations, a return path for current must always exist. During normal, bi-
polar operation, the current flows through the positive pole and returns through the
negative pole. If one of the poles were to be interrupted, the other pole could continue to

operate as long as a closed path for the current existed. As indicated above, this is called
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“monopolar” operation. This path can either be through the earth (via a ground
electrode), in what is described as “earth return,” or through a separate set of conductors
referred to as a dedicated metallic return. Rock Island has opted to design the project for
use with a dedicated metallic return. This avoids the need to study any interference
issues with subsurface utilities during monopolar operations.

In Rock Island’s Petition it is indicated that a slightly higher voltage may be
utilized. Please discuss why this may be the case and what implications it may have
on the specifications made to date on the Project.

The primary driver of an increase in voltage would be the provision of additional
overload capability of the converter stations. For example, assume that under loss of a
pole (an N-1 event), no more than 1350 MW of generation should be lost at the receiving
end of the Project. This means that if the generation cannot be transmitted through the
underlying grid, then the remaining pole, following a loss of pole contingency, must be
able to transmit 3500 MW — 1350 MW = 2150 MW. This represents an approximately
23% overload capability in the converter stations. Accounting for line losses, the
overload capability at the western converter station must be even higher at approximately
30% overload capability. At this level of overload and an assumed voltage of 600 kV,
the current through the thyristors is approaching maximum design levels. In order to
reduce the current level and to help reduce the need for additional cooling requirements,
one may choose to go to a slightly higher voltage. Current is inversely proportional to
voltage on an HVDC line for a given power transfer. That is, if you increase voltage by

10% you will reduce current by 10%.
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As indicated in the Petition, an increase to =640 kV to +660 kV may be
warranted. This is an approximately 7% to 10% increase in voltage. Based upon the
preliminary design of structures, insulation, etc., it is not expected that such an increase
would have a significant impact on structure height, conductor selection, insulator length
or other design parameters.

What type of conductors will be utilized on this project?

The present design analysis assumes the use of 2156 circular mil (“kcmil”) ACSR
(“Bluebird”) in a triple bundle configuration for the pole conductors. For the dedicated
metallic return, we currently plan on using two 1780 kcmil ACSR (“Chukar’); however,
refinement of the design may indicate that the Bluebird may also be used as the dedicated
metallic return or the dedicated metallic return could remain as the Chukar conductor.
Final engineering is typically completed after a final route has been approved by the
regulatory authorities, so the design could change slightly at that time or based upon
further optimization studies.

As | stated earlier, Rock Island has engaged Southwire as a preferred supplier for
this conductor and that relationship provides that the entirety of the conductor used on the
Project would be produced in Southwire’s Flora, Illinois facility.

What type of structures will be utilized and how many?

In the design work that has been performed by POWER, two primary structure types
have been identified: lattice structures and tubular steel “monopole” structures. Rock
Island has not made a determination as to the final structure type but would like to have
flexibility in such a determination so that landowner concerns, project costs, terrain, land

use, and other relevant factors can be considered when making a final selection. It is
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likely that a mix of structures could be utilized to help maximize flexibility and optimize
costs.

The current designs allow for 1500-foot spans for lattice towers and 1200-foot
spans for tubular steel monopoles. Given conditions that allow for such spans, there
would typically be four lattice structures per mile or five tubular steel monopoles per
mile. However, the number of structures per mile may be higher in certain areas where
shorter spans are necessary based on terrain conditions. On occasion, as discussed
below, longer spans may be required. These longer spans typically are used for
conditions such as river crossings and situations where one may try to avoid disturbing a
sensitive area. Longer spans require larger structures than are needed for the typical
1200-foot or 1500-foot spans.

What are the relative advantages and disadvantages of using lattice structures and
monopole steel structures?

In general, lattice structures provide a better strength-to-weight ratio and are generally
less expensive than tubular steel poles. For example, the current designs on our project
have tubular steel poles averaging about 50,000 pounds for an average span of 1200 feet
while the lattice designs average around 35,000 pounds for an average span of 1500 feet.
Both structures can be designed for a wide variety of soil and topology conditions;
however, the tubular structures will be heavier in all cases. Monopole structures require
much larger foundations (in terms of depth and amount of concrete), than an equivalent
lattice structure; however, the footprint taken up by lattice structures is larger than the
footprint of monopole structures. Monopole structures have the potential of being

installed much more quickly than lattice structures due to the additional labor
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requirements in “lacing up” the lattice structures. When it comes to dead-end structures
and heavy angle structures, lattice towers are, again, more efficient and provide
significant cost savings over using tubular steel structures. In the case of dead-end and
heavy angle structures, it is possible that a design utilizing two tubular structures would
be preferred over a single tubular structure to reduce cost and size.

How tall will the structures be?

Structure height will be determined by many factors, of which the primary factors are
span length and ground topology. Most structure heights are expected to be between 100
feet and 175 feet tall based on preliminary engineering studies using tubular steel and
lattice tower structures. River crossings and certain other situations may require taller
towers.

What do the proposed structures look like?

Rock Island Exhibit 2.9 shows the proposed family of structures.

What width of right-of-way is planned for the Project?

For the DC Section of the Project, that is, the transmission line from the western
converter station in lowa to the eastern converter station in Illinois, the ROW for the
Project will vary between 145 feet and 200 feet wide, depending on Project requirements
at particular locations. The preliminary design criteria for the Project assumes a 175 foot
ROW as a typical or average value for the DC Section. To accommodate the possible
need for the maximum width at specific locations, Rock Island is requesting authority for
a 200 foot ROW for the DC Section of the Project. For the AC Section of the Project,
that is, the three-to-four mile segment of three 345 kV transmission lines (i.e., one double

circuit line and one single circuit line) from the eastern converter station to the point of
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interconnection with the ComEd transmission system at the Collins Substation or the
aforementioned new AC substation, Rock Island is requesting authority for 270 feet of
ROW for the two 345 kV transmission lines. The Commission has previously authorized
ROWs of up to 150 feet for individual 345 kV AC transmission lines. Although this
would indicate a need for up to a 300 foot ROW for two 345 kV AC lines, based on
preliminary design analysis by POWER Engineering, Rock Island believes it can limit
the necessary ROW for the parallel single-circuit and double-circuit 345 kV AC lines to
270 feet.

Please explain why it is necessary to construct one single circuit 345 kV line and a
double circuit 345 kV line for the AC section of the Project?

In general, to move 3,500 MW over this relatively short distance, one double circuit 345
kV line with 3,000 A (or 1,790 MVA) per circuit capability would be sufficient;
however, a third circuit should be considered. The addition of the third circuit will allow
for any one circuit to be out for maintenance or under contingency and yet still enable the
line to deliver the full capacity of the Project. The loss of two of these circuits would
then limit delivery to half of the Project’s capacity.

What structure spacing, or span lengths, was assumed in the determination of the
ROW width for the DC section of the Project?

Based on preliminary design criteria and evaluations, the ROW width range of 145 feet to
200 feet in the DC section of the Project will accommodate structure span lengths up to
approximately 1,750 feet. Although the typical span length will be 1,200 feet between

monopole structures and 1,500 feet between lattice structures, in some situations longer
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span lengths will be used to cross rivers and wetlands and to avoid placing or minimizing
structures in areas with other Sensitivities.

What factors typically determine the required ROW width for a transmission line?
Two of the primary factors affecting ROW width include maintaining electrical safety
clearances and providing access for construction and maintenance of the line. Of the two,
maintaining electrical safety clearances is typically the controlling factor for transmission
lines of this type.

How does maintenance of electrical safety clearances impact the required ROW
width?

Wind blowing on transmission line wires will cause them to move away from the center
of and towards the side of the ROW. This movement is commonly referred to as
“blowout” and can occur in any direction. Therefore, enough ROW width must be
established to allow the predicted wire “blowout” movement on both sides of the ROW,
while maintaining required electrical clearances from vegetation, structures, and other
infrastructure.

Please elaborate on your statement that Project requirements could create the need
for ROW widths outside the 145 foot to 200 foot range in the DC section.

As | noted, the ROW width for projects of this type is typically controlled by the need to
provide adequate room for wire “blowout” while maintaining required electrical
clearances. The amount of predicted wire “blowout” increases as the span, or distance,
between supporting structures increases. Therefore, if a location on the Project requires a
longer span than the 1,750-foot span length noted previously (to accommodate terrain

features, land use considerations, and other local factors), then it is possible that a wider
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ROW width would be required at that location. On the Preferred Route, there is one span
length that is approximately 1,973 feet, for crossing Indian Creek. For this span, Rock
Island requests a 235-foot ROW for a segment beginning approximately one-half mile
from the western bank of Indian Creek and ending approximately one-half mile beyond
the eastern bank of Indian Creek. There is one other segment of the DC Section of the
Preferred Route in Illinois that has been identified for which a ROW greater than 200 feet
will be required, specifically, for the first several spans after the Project enters Illinois
after crossing the Mississippi River. For this segment, Rock Island requests authority for
a ROW greater than 200 feet for approximately the first mile of the Preferred Route from
the eastern bank of the Mississippi River.

Will the Project require temporary construction easements?

Yes, there are two situations for which a temporary construction easement may be
needed. First, although the proposed permanent ROW widths of 200 feet for the DC
section of the Project and 270 feet for the AC section should be sufficient to
accommodate construction vehicles and equipment, lay-down of materials, and actual
construction work, it is possible that in certain areas, a temporary construction easement
outside the permanent 200 foot or 270 foot ROW may be needed. Second, in some
portion of the route, temporary construction easements may be needed to provide access
for vehicles and construction equipment from public roads and ROWs to the ROW for
the Project where work is to be performed. Accordingly, Rock Island is requesting
authority for temporary construction easements in those areas of the Project where the

permanent authorized ROW is not sufficient for construction activities or to access the
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construction area. Any temporary construction easement would revert to the landowner
when the Project has been constructed and placed into operation.

Please describe any substations that will be associated with the Project.

There are two primary substations (referred to as converter stations) associated with the
project: the “windward” or western converter station will be located in O’Brien County,
lowa, and the eastern converter station will be located in Grundy County, Illinois. No
intermediate substations are planned along the DC line. As noted before, a new AC
substation adjacent to the Collins substation for the 345/765 kV transformers may be
required. If a new substation adjacent to the Collins substation is necessary, Rock Island
will need to purchase 20 acres or less of land in fee adjacent to or close to the Collins
substation on which to place the new substation. The Routing Report, Rock Island
Exhibit 8.2 to Mr. Koch’s testimony, and the legal description for Preferred Route A
provided in Mr. Detweiler’s Rock Island Exhibit 7.2, identify the specific location of the
eastern converter station in Grundy County, Illinois. Rock Island has acquired an option
to purchase the land in fee on which the converter station will be located. A typical plan
drawing for an HVDC converter station, such as the converter station that will be
installed in Grundy County, Illinois, is presented as Rock Island Exhibit 2.10.

Does this conclude your prepared direct testimony?

Yes, it does.



