Case No. 2025-00177
Barrelhead Solar, LLC
Response to Siting Board’s Post-Hearing Request for Information

Siting Board Post-Hearing 1-1:

Provide any interconnection reports that involve this project that have yet to be submitted
to the Siting Board.
Response:

¢ A Generator Interconnect Agreement (GIA) among PJM, Barrelhead Solar, LLC, and East
Kentucky Power Cooperative, Inc., was filed with FERC on February 11, 2026, which is
provided as Attachment PHDR 1-1a.

e Two Affected Systems Studies were completed. Please see the Louisville Gas and Electric
Affected Systems Study completed February 20, 2026, provided as Attachment PHDR 1-
1b. The MISO Affected System Study was completed September 12, 2025; however, the
study was not provided to the Developer until February 6, 2026, as a restudy is in progress,
which is attached as Attachment PHDR 1-1c.

Witness: Trudie Grattan
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Approved Contractors in a PJM Manual and shall make such manual
available on its internet website.

(b) Upon request of a Project Developer, a Transmission Owner
shall add to its List of Approved Contractors (1) any design or construction
contractor regarding which the Project Developer provides such
information as the Transmission Owner may reasonably require which
demonstrates to the Transmission Owner’s reasonable satisfaction that the
candidate contractor is qualified to design, or to install and/or construct new
facilities or upgrades or modifications to existing facilities on the
Transmission Owner’s system, or (2) any manufacturer or vendor of major
transmission-related  equipment (e.g., high-voltage transformers,
transmission line, circuit breakers) regarding which the Project Developer
provides such information as the Transmission Owner may reasonably
require which demonstrates to the Transmission Owner’s reasonable
satisfaction that the candidate entity’s major transmission-related
equipment is acceptable for installation and use on the Transmission
Owner’s system. No Transmission Owner shall unreasonably withhold,
condition, or delay its acceptance of a contractor, manufacturer, or vendor
proposed for addition to its List of Approved Contractors.

11.2.3.6 Construction by Multiple Project Developers:

In the event that there are multiple Project Developers that wish to exercise
an Option to Build with respect to Interconnection Facilities and Stand
Alone Network Upgrades of the types described in section 11.2.3.3 of this
Schedule L, the Transmission Provider shall determine how to allocate the
construction responsibility among them unless they reach agreement among
themselves on how to proceed.

11.2.3.7 Option Procedures:

(a) Within 10 days after executing this GIA or directing that this
GIA be filed with FERC unexecuted, Project Developer shall solicit bids
from one or more Approved Contractors named on the Transmission
Owner’s List of Approved Contractors to procure equipment for, and/or to
design, construct and/or install, the Transmission Owner Interconnection
Facilities and Stand Alone Network Upgrades that the Project Developer
seeks to build under the Option to Build on terms (i) that will meet the
Project Developer’s proposed schedule; (ii) that, if the Project Developer
seeks to have an Approved Contractor construct or install Transmission
Owner Interconnection Facilities and Stand Alone Network Upgrades, will
satisfy all of the conditions on construction specified in sections 11.2.3.2
and 11.2.3.3 of this Schedule L; and (iii) that will satisty the obligations of
a Constructing Entity (other than those relating to responsibility for the
costs of facilities).



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1a_Generator Interconnect Agreement

Page 146 of 164

(b) Any additional costs arising from the bidding process or
from the final bid of the successful Approved Contractor shall be the sole
responsibility of the Project Developer.

() Upon receipt of a qualifying bid acceptable to it, the Project
Developer shall contract with the Approved Contractor that submitted the
qualifying bid. Such contract shall meet the standards stated in paragraph
(a) of this section.

(d) In the absence of a qualifying bid acceptable to the Project
Developer in response to its solicitation, the Transmission Owner(s) shall
be responsible for the design, procurement, construction and installation of
the Transmission Owner Interconnection Facilities and Stand Alone
Network Upgrades in accordance with the Standard Option described in
section 11.2.1 of this Schedule L.

11.2.3.8 Project Developer Drawings:

Project Developer shall submit to the Transmission Owner and
Transmission Provider initial drawings, certified by a professional engineer,
of the Transmission Owner Interconnection Facilities and Stand that Project
Developer arranges to build under this Option to Build. The Transmission
Owner shall review and approve the initial drawings and engineering design
of the Transmission Owner Interconnection Facilities and Stand Alone
Network Upgrades to be constructed under the Option to Build. The
Transmission Owner shall review the drawings to assess the consistency of
Project Developer’s design of the pertinent Transmission Owner
Interconnection Facilities and Stand Alone Network Upgrades with
Applicable Standards and the System Impact Study(ies). Transmission
Owner, with facilitation and oversight by Transmission Provider, shall
provide comments on such drawings to Project Developer within 60 days
after its receipt thereof, after which time any drawings not subject to
comment shall be deemed to be approved. All drawings provided hereunder
shall be deemed to be Confidential Information.

11.2.3.9 Effect of Review:

Transmission Owner’s review of Project Developer's initial drawings of the
Transmission Owner Interconnection Facilities and Stand Alone Network
Upgrades that the Project Developer is building shall not be construed as
confirming, endorsing or providing a warranty as to the fitness, safety,
durability or reliability of such facilities or the design thereof. At its sole
cost and expense, Project Developer shall make such changes to the design
of the pertinent Transmission Owner Interconnection Facilities and Stand
Alone Network Upgrades as may reasonably be required by Transmission



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1a_Generator Interconnect Agreement

Page 147 of 164

Provider, in consultation with the Transmission Owner, to ensure that the
Transmission Owner Interconnection Facilities and Stand Alone Network
Upgrades that Project Developer is building meet Applicable Standards and
conform with the System Impact Study(ies).

11.3  Revisions to Schedule of Work:

The Schedule of Work shall be revised as required in accordance with Transmission
Provider’s scope change process for interconnection projects set forth in the PJIM Manuals,
or otherwise by mutual agreement of the Interconnection Parties, which agreement shall
not be unreasonably withheld, conditioned or delayed. The scope change process is
intended to be used for changes to the Scope of Work as defined herein, and is not intended
to be used to change any of the milestone set forth in the GIA.

11.4 Right to Complete Transmission Owner Interconnection Facilities and
Transmission Owner Upgrades:

In the event that, at any time prior to successful Stage Two energization of the Transmission
Owner Interconnection Facilities and Transmission Owner Upgrades pursuant to section
11.8 of this Schedule L, Project Developer terminates its obligations under this
GIA,Appendix 2, section 16.1.2 due to a Default by Transmission Owner, the Project
Developer may elect to complete the design, procurement, construction and installation of
the Transmission Owner Interconnection Facilities and Transmission Owner Upgrades.
Project Developer shall notify Transmission Owner and Transmission Provider in writing
of its election to complete the Transmission Owner Interconnection Facilities and
Transmission Owner Upgrades within 10 days after the date of Project Developer’s notice
of termination pursuant to GIA, Appendix 2, section 16.1.2. In the event that Project
Developer elects to complete the Transmission Owner Interconnection Facilities and
Transmission Owner Upgrades, it shall do so in accordance with the terms and conditions
of the Option to Build under section 11.2.3 of this Schedule L and shall be responsible for
paying all costs of completing the Transmission Owner Interconnection Facilities and
Transmission Owner Upgrades incurred after the date of its notice of election to complete
the facilities. Project Developer may take possession of, and may use in completing the
Transmission Owner Interconnection Facilities, any materials and supplies and equipment
(other than equipment and facilities that already have been installed or constructed)
acquired by Transmission Owner for construction, and included in the Costs, of the
Transmission Owner Interconnection Facilities and Stand Alone Network Upgrades,
provided that Project Developer shall pay Transmission Provider, for the benefit of the
Transmission Owner and upon presentation by Transmission Owner of reasonable and
appropriate documentation thereof, any amounts expended by Transmission Owner for
such materials, supplies and equipment that Project Developer has not already paid. Title
to all Transmission Owner Interconnection Facilities and Transmission Owner Upgrades
constructed by Project Developer under this section 11 shall be transferred to the
Transmission Owner in accordance with GIA, Appendix 2, section 23.3.5.

11.5  Suspension of Work upon Default:
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Upon the occurrence of a Default by Project Developer as defined in Appendix 2, section
16 of this GIA, the Transmission Provider or the Transmission Owner may by written
notice to Project Developer suspend further work associated with the construction and
installation of the Transmission Owner Interconnection Facilities and Transmission Owner
Upgrades that the Transmission Owner is responsible for constructing. Such suspension
shall not constitute a waiver of any termination rights under this GIA. In the event of a
suspension by Transmission Provider or Transmission Owner, the Project Developer shall
be responsible for the Costs incurred in connection with any suspension hereunder in
accordance with Appendix 2, section 16 of this GIA.

11.6  Construction Reports:

Each of Project Developer and Transmission Owner shall issue reports to each other on a
monthly basis, and at such other times as reasonably requested, regarding the status of the
construction and installation of the Interconnection Facilities and Transmission Owner
Upgrades. Each of Project Developer and Transmission Owner shall promptly identify,
and shall notify each other of, any event that the party reasonably expects may delay
completion, or may significantly increase the cost, of the Interconnection Facilities and
Transmission Owner Upgrades. Should either Project Developer or Transmission Owner
report such an event, Transmission Provider shall, within 15 days of such notification,
convene a technical meeting with Project Developer and Transmission Owner to evaluate
schedule alternatives.

11.7  Inspection and Testing of Completed Facilities
11.7.1 Coordination:

Project Developer and the Transmission Owner shall coordinate the timing and
schedule of all inspection and testing of the Interconnection Facilities and
Transmission Owner Upgrades.

11.7.2 Inspection and Testing:

Each of Project Developer and Transmission Owner shall cause inspection and
testing of the Interconnection Facilities and Transmission Owner Upgrades that it
constructs in accordance with the provisions of this section. Project Developer and
Transmission Owner acknowledge and agree that inspection and testing of facilities
may be undertaken as facilities are completed and need not await completion of all
of the facilities that a party is building.

11.7.2.1 Of Project Developer-Built Facilities:
Upon the completion of the construction and installation, but prior to

energization, of any Interconnection Facilities and Transmission Owner
Upgrades constructed by the Project Developer and related portions of the
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Generating Facility or Merchant Transmission Facility, the Project
Developer shall have the same inspected and/or tested by an authorized
electric inspection agency or qualified third party reasonably acceptable to
the Transmission Owner to assess whether the facilities substantially
comply with Applicable Standards. Said inspection and testing shall be held
on a mutually agreed-upon date, and the Transmission Owner and
Transmission Provider shall have the right to attend and observe, and to
obtain the written results of, such testing.

11.7.2.2 Of Transmission Owner-Built Facilities:

Upon the completion of the construction and installation, but prior to
energization, of any Interconnection Facilities and Transmission Owner
Upgrades constructed by the Transmission Owner, the Transmission Owner
shall have the same inspected and/or tested by qualified personnel or a
qualified contractor to assess whether the facilities substantially comply
with Applicable Standards. Subject to Applicable Laws and Regulations,
said inspection and testing shall be held on a mutually agreed-upon date,
and the Project Developer and Transmission Provider shall have the right to
attend and observe, and to obtain the written results of, such testing.

11.7.3 Review of Inspection and Testing by Transmission Owner:

In the event that the written report, or the observation of either of Project Developer
and Transmission Owner or Transmission Provider, of the inspection and/or testing
pursuant to section 11.7.2 of this Schedule L reasonably leads the Transmission
Provider or Transmission Owner to believe that the inspection and/or testing of
some or all of the Interconnection Facilities and Stand Alone Network Upgrades
built by the Project Developer was inadequate or otherwise deficient, the
Transmission Owner may, within 20 days after its receipt of the results of
inspection or testing and upon reasonable notice to the Project Developer, perform
its own inspection and/or testing of such Interconnection Facilities and Stand Alone
Network Upgrades to determine whether the facilities are acceptable for
energization, which determination shall not be unreasonably delayed, withheld or
conditioned.

11.7.4 Notification and Correction of Defects

11.7.4.1 If the Transmission Owner, based on inspection or testing
pursuant to section 11.7.2 or 11.7.3 of this Schedule L, identifies any defects
or failures to comply with Applicable Standards in the Interconnection
Facilities and Stand Alone Network Upgrades constructed by the Project
Developer, the Transmission Owner shall notify the Project Developer and
Transmission Provider of any identified defects or failures within 20 days
after the Transmission Owner’s receipt of the results of such inspection or
testing. The Project Developer shall take appropriate actions to correct any
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such defects or failure at its sole cost and expense, and shall obtain the
Transmission Owner’s acceptance of the corrections, which acceptance
shall not be unreasonably delayed, withheld or conditioned. Such
acceptance does not modify and shall not limit the Project Developer’s
indemnification obligations set forth in section 11.2.3.2(a) of this Schedule
L.

11.7.4.2 In the event that inspection and/or testing of any
Transmission Owner Interconnection Facilities and Transmission Owner
Upgrades built by the Transmission Owner identifies any defects or failures
to comply with Applicable Standards in such facilities, Transmission Owner
shall take appropriate action to correct any such defects or failures within
20 days after it learns thereof. In the event that such a defect or failure
cannot reasonably be corrected within such 20-day period, Transmission
Owner shall commence the necessary correction within that time and shall
thereafter diligently pursue it to completion.

11.7.5 Notification of Results:

Within 10 days after satisfactory inspection and/or testing of Interconnection
Facilities and Stand Alone Network Upgrades built by the Project Developer
(including, if applicable, inspection and/or testing after correction of defects or
failures), the Transmission Owner shall confirm in writing to the Project Developer
and Transmission Provider that the successfully inspected and tested facilities are
acceptable for energization.

11.8  Energization of Completed Facilities

(A)  Unless otherwise provided in the Schedule of Work, energization of the
Interconnection Facilities and Transmission Owner Upgrades related to interconnection of
a Generation Project Developer and, when applicable as determined by Transmission
Provider, of the Interconnection Facilities and Transmission Owner Upgrades related to
interconnection of a Transmission Project Developer, shall occur in two stages. Stage One
energization shall consist of energization of the Project Developer Interconnection
Facilities and of the Transmission Owner Interconnection Facilities and Transmission
Owner Upgrades and will occur prior to initial energization of the Generating Facility.
Stage Two energization shall consist of (1) initial synchronization to the Transmission
System of any completed generator(s) at the Generating Facility of a Generation Project
Developer, or of applicable facilities, as determined by the Transmission Provider,
associated with Merchant Transmission Facilities of a Transmission Project Developer,
and (2) energization of the remainder of the Transmission Owner Interconnection Facilities
and Transmission Owner Upgrades. Stage Two energization shall be completed prior to
Initial Operation of the Generating Facility or Merchant Transmission Facility.

(B)  Inthe case of Interconnection Facilities and Transmission Owner Upgrades
related to interconnection of a Transmission Project Developer for which the Transmission
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Provider determines that two-stage energization is inapplicable, energization shall occur in
a single stage, consisting of energization of the Interconnection Facilities and Transmission
Owner Upgrades and the Generating Facility or Merchant Transmission Facility. Such a
single-stage energization shall be regarded as Stage Two energization for the purposes of
the remaining provisions of this section 11.8.

11.8.1 Stage One energization of the Interconnection Facilities and Transmission
Owner Upgrades may not occur prior to the satisfaction of the following additional
conditions:

(a) The Project Developer shall have delivered to the Transmission
Owner and Transmission Provider a writing transferring to the Transmission Owner
and Transmission Provider operational control over any Transmission Owner
Interconnection Facilities that Project Developer has constructed; and

(b) The Project Developer shall have provided a mark-up of
construction drawings to the Transmission Owner to show the “as-built” condition
of all Transmission Owner Interconnection Facilities and Stand Alone that Project
Developer has constructed.

11.8.2 As soon as practicable after the satisfaction of the conditions for Stage One
energization specified in sections 11.7 and 11.8.1 of this Schedule L, the
Transmission Owner and the Project Developer shall coordinate and undertake the
Stage One energization of facilities.

11.8.3 Stage Two energization of the Interconnection Facilities and Transmission
Owner Upgrades may not occur prior to the satisfaction of the following additional
conditions:

(a) The Project Developer shall have delivered to the Transmission
Owner and Transmission Provider a writing transferring to the Transmission Owner
and Transmission Provider operational control over any Transmission Owner
Interconnection Facilities and Stand Alone Network Upgrades that Project
Developer has constructed and operational control of which it has not previously
transferred pursuant to section 11.8.1 of this Schedule L;

(b) The Project Developer shall have provided a mark-up of
construction drawings to the Transmission Owner to show the “as-built” condition
of all Transmission Owner Interconnection Facilities and Stand Alone Network
Upgrades that Project Developer has constructed and which were not included in
the Stage One energization, but are included in the Stage Two energization; and

(©) Telemetering systems shall be operational and shall be providing
Transmission Provider and the Transmission Owner with telemetered data as
specified pursuant to section 8.5.2 of Appendix 2 to this GIA.
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11.8.4 As soon as practicable after the satisfaction of the conditions for Stage Two
energization specified in sections 11.7 and 11.8.3 of this Schedule L, the
Transmission Owner and the Project Developer shall coordinate and undertake the
Stage Two energization of facilities.

11.8.5 To the extent defects in any Interconnection Facilities and Transmission
Owner Upgrades are identified during the energization process, the energization
will not be deemed successful. In that event, the Constructing Entity shall take
action to correct such defects in any Interconnection Facilities and Transmission
Owner Upgrades that it built as promptly as practical after the defects are identified.
The affected Constructing Entity shall so notify the other Construction Parties when
it has corrected any such defects, and the Constructing Entities shall recommence
efforts, within 10 days thereafter, to energize the appropriate Interconnection
Facilities and Transmission Owner Upgrades in accordance with this section 11.8;
provided that the Transmission Owner may, in the reasonable exercise of its
discretion and with the approval of Transmission Provider, require that further
inspection and testing be performed in accordance with section 11.7 of this
Schedule L.

11.9 Transmission Owner’s Acceptance of Facilities Constructed by Project Developer:

Within five days after determining that Interconnection Facilities and Transmission
Owner Upgrades have been successfully energized, the Transmission Owner shall
issue a written notice to the Project Developer accepting the Interconnection
Facilities and Transmission Owner Upgrades built by the Project Developer that
were successfully energized. Such acceptance shall not be construed as confirming,
endorsing or providing a warranty by the Transmission Owner as to the design,
installation, construction, fitness, safety, durability or reliability of any
Interconnection Facilities and Transmission Owner Upgrades built by the Project
Developer, or their compliance with Applicable Standards.

11.10 Addendum of Non-Standard Terms and Conditions for Construction Service. In
the event of any conflict between a provision of Schedule F of this GIA that FERC
has accepted and any provision of the standard terms and conditions set forth in this
Schedule L and Appendix 2 of this GIA that relates to the same subject matter, the
pertinent provision of Schedule F of this GIA shall control.
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SCHEDULE L, APPENDIX 1

NEGOTIATED CONTRACT OPTION TERMS

Not Required.
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ATTACHMENT B

Copy of Sheet Containing Original Signatures
and Initialed Replacement Pages



Case No. 2025-00177
Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1a_Generator Interconnect Agreement

Page 155 of 164

IN WITNESS WHEREOF, Transmission Provider, Project Developer and Transmission

Owner have caused this GIA to be executed by their respective authorized officials.
(Project Identifier #AG1-471)
Transmission Provider: PJM Interconnection, L.L.C.

A:Jrup Lcanbest

By: Manager, Interconnection Planning Projects Jan 12, 2026

Name Title Date

Printed name of signer: AAndrew Lambert

Project Developer: Barrelhead Solar, LLC

By: UA«VK NOM/‘ML Authorized Representative Jan 7, 2026

Name Title Date

Printed name of signer: Chris Norqual

Transmission Owner: East Kentucky Power Cooperative, Inc.

By: Brad qOWW) Vice President Jan 8, 2026

Name Title Date

Printed name of signer: Brad Young
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Docusign Envelope ID: 52B3F7D5-6FE5-4DCA-8E7D-35AD9FDBC23D

6.11

6.12

Commercial Operation. On or before January 15, 2029, Project Developer must
demonstrate commercial operation of all generating units in order to achieve the
full Maximum Facility Output set forth in section 1.0(c) of the Specifications to
this GIA. Failure to achieve this Maximum Facility Output may result in a
permanent reduction in Maximum Facility Output of the Generating Facility, and,
if necessary, a permanent reduction of the Capacity Interconnection Rights, to the
level achieved. Demonstrating commercial operation includes achieving Initial
Operation in accordance with section 1.4 of Appendix 2 to this GIA and making
commercial sales or use of energy, as well as, if applicable, obtaining capacity
qualification in accordance with the requirements of the Reliability Assurance
Agreement Among Load Serving Entities in the PJM Region and fulfillment of 6.10
“Dispatchability Demonstration” milestone.

As-Built Data. As a condition precedent to PJM reflecting an “in-service” status
for the Generating Facility or the Merchant Transmission Facilities and no later
than 30 days following the demonstration of commercial operation, Project
Developer must provide certified documentation demonstrating that “as-built”
Generating Facility or the Merchant Transmission Facilities, and Project Developer
Interconnection Facilities are in accordance with applicable PJM studies and
agreements. Project Developer must also provide PJM with “as-built” electrical
modeling data and confirm that previously submitted data remains valid. All
modeling data must conform to the PJM Dynamic Model Development Guidelines
for Interconnection Analysis in effect as of the effective date of this GIA.

Project Developer shall demonstrate the occurrence of each of the foregoing
milestones to Transmission Provider’s reasonable satisfaction. Transmission
Provider may reasonably extend any such milestone dates, in the event of delays
that Project Developer (i) did not cause and (ii) could not have remedied through
the exercise of due diligence. Project Developer shall also have a one-time option
to extend its milestone (other than any milestone related to Site Control) for a total
period of one year regardless of cause. This option may only be applied one time
for an Interconnection Request, and may only be applied to one single milestone
specified in this GIA. Other milestone dates stated in this GIA shall be deemed to
be extended coextensively with Project Developer’s use of this provision. Once
this extension is used, it is no longer available with regard to any other milestones
or other deadlines in this GIA. If the Project Developer fails to meet any of the
milestones set forth above, including any extended milestones, its Interconnection
Request shall be terminated and withdrawn, subject to the provisions of Appendix
2, sections 15 and 16. Transmission Provider shall take all necessary steps to
effectuate this termination, including submitting the necessary filings with FERC.

7.0  Provision of Interconnection Service. Transmission Provider and Transmission Owner
agree to provide for the interconnection to the Transmission System in the PJM Region of
Project Developer’s Generating Facility or Merchant Transmission Facility identified in

ke (v Bl
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ii. Facilities for which a Network Upgrade Cost Responsibility
Agreement is required.

Identifier

| Description | Category | Transmission Owner

(None)

Additional Contingent Facilities which must be completed prior to Commercial
Operation of the Generating Facility or Merchant Transmission Facility

Except as determined through an interim deliverability study for a particular
Delivery Year, in order to maintain system reliability, the 54 MW Energy / 32.4
MW Capacity associated with PJM Project Identifier AG1-471 and the Generating
Facility under this GIA cannot come fully into service prior to the completion of
the following PJM Network Upgrade(s), baseline upgrade(s), and/or Supplemental
Project upgrades:

Identifier

| Description | Category

(None)

4.0  Subject to modification pursuant to the Negotiated Contract Option and/or the Option to
Build, Project Developer shall be subject to the estimated charges detailed below, which
shall be billed and paid in accordance with GIA, Appendix 2, section 11 and GIA, Schedule
L, section 9.0.

4.1 Transmission Owner Interconnection Facilities Charge: $718,000.00
42  Network Upgrades Charge: $13,187,000.00
Identifier Cost Allocation Transmission Owner
n9514.0 $7,050,000.00 East Kentucky Power
Cooperative, Inc.
n9513.0 $63,000.00 East Kentucky Power
Cooperative, Inc.
n9512.0 $63,000.00 East Kentucky Power
Cooperative, Inc.
n9511.0 $554,000.00 East Kentucky Power
Cooperative, Inc.

ke (v Bl
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n9510.0 $5,457,000.00 East Kentucky Power
Cooperative, Inc.
4.3  Option to Build Charges $0.00
4.4  Distribution Upgrades Charge: $0.00
4.5  Other Charges: $0.00
4.6  Cost breakdown:
$  7,239,000.00 Direct Labor
$ 5,274,000.00 Direct Material
$ 1,252,000.00 Indirect Labor
$ 140,000.00 Indirect Material
$13,905,000.00 Total
4.7 Security Amount Breakdown:
$13,905,000.00 Estimated Cost of Network Upgrades, Distribution
Upgrades, Transmission Owner Interconnection Facilities, and Other Charges
plus  $0.00 Option to Build Security for Transmission Owner Interconnection Facilities

and Stand Alone Network Upgrades (including Cancellation Costs)

less

$13,905,000.00 Sum of Security required for Costs listed in GIA,
Specifications sections 4.1 through 4.5

$0 Portion of Costs already paid by Project Developer

$13,905,000.00 Net Security amount required

A
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3 Modification of Facilities
3.1 General:

Subject to Applicable Laws and Regulations and to any applicable requirements or conditions of
the Tariff and the Operating Agreement, either Interconnected Entity may undertake modifications
to its facilities (“Planned Modifications”). In the event that an Interconnected Entity plans to
undertake a modification, that Interconnected Entity, in accordance with Good Utility Practice,
shall provide notice to the other Interconnection Parties with sufficient information regarding such
modification, including any modification to its project that causes the project’s capacity, location,
configuration or technology to differ from any corresponding information provided in the
Interconnection Request, so that the other Interconnection Parties may evaluate the potential
impact of such modification prior to commencement of the work. The Interconnected Entity may
make changes to SCHEDULE A GENERATING FACILITY LOCATION/SITE PLAN and
corresponding Site Control parcels provided they demonstrate to Transmission Provider that the
change does not adversely impact the timing of milestones or Transmission Owner construction
schedule. Project Developer shall submit to Transmission Provider an attestation in accordance
with the PJM template that the modification to SCHEDULE A will have no impact on the overall
timing of milestones (including backfeed date). Additionally, the attestation shall include
acknowledgement from Project Developer that they waive the ability to request future milestone
extensions related to permits or other land issues. In the event Transmission Provider determines
the change impacts modeling assumptions, the Interconnected Entity desiring to perform such
modification shall provide the relevant drawings, plans, specifications and models to the other
Interconnection Parties in advance of the beginning of the work. Transmission Provider and the
applicable Interconnection Entity shall enter into a Necessary Studies Agreement, a form is located
in the Tariff, Part IX, pursuant to which Transmission Provider agrees to conduct the necessary
studies to determine whether the Planned Modifications will have a permanent material impact on
the Transmission System or would constitute a Material Modification, and to identify the additions,
modifications, or replacements to the Transmission System, if any, that are necessary, in
accordance with Good Utility Practice and/or to maintain compliance with Applicable Laws and
Regulations or Applicable Standards, to accommodate the Planned Modifications.

The Interconnected Entity shall provide the information required by the Necessary Study
Agreement and provide the required deposit. Transmission Provider, upon completion of the
Necessary Studies, shall provide the Interconnected Entity (i) the type and scope of the permanent
material impact, if any, the Planned Modifications will have on the Transmission System; (ii) the
additions, modifications, or replacements to the Transmission System required to accommodate
the Planned Modifications; and (iii) a good faith estimate of the cost of the additions,
modifications, or replacements to the Transmission System required to accommodate the Planned
Modifications. In the event such Planned Modification have a permanent material impact on the
Transmission System or would constitute a Material Modification, Project Developer shall then
withdraw the proposed modification or proceed with a new Interconnection Request for such
modification.

3.2 Interconnection Request:

he- (v Y

Jan 30, 2026 Feb 5, 2026 Feb 4, 2026



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1a_Generator Interconnect Agreement

Page 160 of 164

ATTACHMENT C

Redlined Pages Showing Schedule of Charges
and Nonconforming Provisions
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SCHEDULE E

SCHEDULE OF CHARGES

The Administrative, Metering, Telemetering, and Generating Facility Operations and

Maintenances (“O&M”) Charges referenced below refer to charges described in Section 10.1 of
the Standard Terms and Conditions for Interconnections, which are contained in Appendix 2 of

this Generation Interconnection Agreement.

ADMINISTRATIVE CHARGES

The charges that EKPC would assess for Administration Charges would be its actual costs.

METERING CHARGES

The charges that EKPC would assess for Metering Charges would be its actual costs.

TELEMETERING CHARGES

The charges that EKPC would assess for Telemetering Charges would be its actual costs.

O&M CHARGES

EKPC reserves the right to charge its actual costs to the Project Developer for O&M expenses to
maintain the Project Developer’s Interconnection Facilities including metering equipment owned

by Transmission Owner.
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i. Facilities for which the Project Developer has sole cost
responsibility.

Identifier Description Category

One (1) 69 kV generator lead line to include, but not be limited to, | Transmission
installation of a 69 kV line monopole dead-end structure and | Owner

foundation, a 3-pole disconnect switch mounted to the monopole, | Interconnection
line conductor from the dead-end structure to the bus position in the | Facilities
switchyard, and two (2) 48-strand fiber optic cables.

n9510.0 Install new overhead optical ground wire (OPGW) on the existing | Network
Wayne County - Massingale Road and Massingale Road - Summer | Upgrades
Shade 69 kV line sections for a total of 44.2 miles.

n9511.0 Loop existing Upchurch Tap - Wayne County 69 kV line into new | Network
interconnection switching station. Upgrades
n9512.0 Revise Relay Settings at Wayne County Sub. Network
Upgrades
n9513.0 Revise Relay Settings at Summer Shade Sub. Network
Upgrades

n9514.0 Massingale Road Substation: Construct new 69 kV switching | Stand-Alone
station. Network
Upgrades

ii. Facilities for which a Network Upgrade Cost Responsibility

Agreement is required.

Identifier | Description [ Category

(None)

C. Any additional Transmission Owner constructing facilities with which Project
Developer and Transmission Provider will also execute a Construction Service

Agreement appears below

1. Facilities for which the Project Developer has sole cost
responsibility.

Identifier | Description | Category | Transmission Owner

(None)
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SCHEDULE F

SCHEDULE OF NON-STANDARD TERMS & CONDITIONS

Louisville Gas & Electric as Affected System Operator:

The System Impact Studies Report for AG1-471 reflects the Affected System study results
provided by the Affected System Operator. As identified in the Affected System study results,
the AG1-471 project is contingent upon the Affected System upgrades identified below. These
results may be subject to adjustments based on the outcome of any remaining phases of the
Affected System Operator's Generator Interconnection Process.

The need for any Affected System upgrades shall not delay Initial Operation of a Project
Developer's Generating Facility. Notwithstanding the start of Initial Operation, and in
accordance with Good Utility Practice, the Generating Facility may be subject to limitations by
PJM on its injections and/or withdrawals prior to (1) completion of any remaining studies
or necessary restudies by the Affected System Operator; and (2) completion of any Affected
System upgrades identified through those studies. Total injections and/or withdrawals may
be limited pending coordination and completion of any necessary studies in accordance with
the Affected System Operator’s Tariff.

Affected System Upgrades with Cost Allocation:

Project Developer has cost responsibility and shall enter into any and all agreements required by
Louisville Gas & Electric leading to the study and construction of the following required
transmission facilities or upgrades on the Louisville Gas & Electric transmission system in
accordance with the Affected System Operator’s Tariff. The Generating Facility may also be
subject to limitations by PJM on its total injections and/or withdrawals prior to completion of
these upgrades:

(Louisville Gas and Electric) Campbellsville 2 Tap - Taylor County 69 kV Line Reconductor
(Louisville Gas and Electric) Lebanon - Springfield 69 kV Line Reconductor

(Louisville Gas and Electric) Morehead W - Morehead 69 kV Line Reconductor

(Louisville Gas and Electric) Shelbyville South - Shelby Co Tap 69 kV Line MOT
(Louisville Gas and Electric) Springfield - North Springfield 69 kV Line MOT

(Louisville Gas and Electric) Brown North - Tyrone 138 kV Line Reconductor
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Affected System Upgrades without Cost Allocation:

Additionally, the Generating Facility may be subject to limitations by PJM on its total injections
and/or withdrawals prior to completion of the following Affected System upgrades; however,
Project Developer does not have cost responsibility for the upgrades:

(None)

Midcontinent Independent System Operator as Affected System Operator:

The System Impact Studies Report for AG1-471 reflects the Affected System study results
provided by the Affected System Operator. As identified in the Affected System study results,
the AG1-471 project is contingent upon the Affected System upgrades identified below. These
results may be subject to adjustments based on the outcome of any remaining phases of the
Affected System Operator's Generator Interconnection Process.

The need for any Affected System upgrades shall not delay Initial Operation of a Project

Developer's Generating Facility. Notwithstanding the start of Initial Operation, and in accordance

with Good Utility Practice, the Generating Facility may be subject to limitations by PJM on its
injections and/or withdrawals prior to (1) completion of any remaining studies or necessary

restudies by the Affected System Operator; and (2) completion of any Affected System upgrades
identified through those studies. Total injections and/or withdrawals may be limited pending

coordination and completion of any necessary studies in accordance with the Affected System
Operator’s Tariff.

Affected System Upgrades with Cost Allocation:

Project Developer has cost responsibility and shall enter into any and all agreements required by
Midcontinent Independent System Operator leading to the study and construction of the

following required transmission facilities or upgrades on the Midcontinent Independent
System Operator transmission system in accordance with the Affected System Operator’s

Tariff. The Generating Facility may also be subject to limitations by PJM on its total injections
and/or withdrawals prior to completion of these upgrades:

(Duke Energy Indiana) Install 28.8 MVAR cap bank at Avon East sub

Affected System Upgrades without Cost Allocation:

Additionally, the Generating Facility may be subject to limitations by PJM on its total injections
and/or withdrawals prior to completion of the following Affected System upgrades; however,
Project Developer does not have cost responsibility for the upgrades:

(None)
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PIM-TCI Affected System ReStudy EXECUTIVE SUMMARY

Executive Summary

Aneden Consulting (Aneden) was retained by the Louisville Gas & Electric and Kentucky Utilities
(LG&E/KU) to perform an Affected System ReStudy (ReStudy) for Generation Interconnection (GI)
requests in the PJM Interconnection (PJM) PIM-TC1 queue to evaluate the impact of their interconnection
on the LG&E/KU transmission system. LG&E/KU previously studied this cluster in the Affected System
Study completed in August 2025, after which several of projects in the cluster withdrew with seven (7)
remaining. Two of the seven projects, AG1-070 and AG1-071, refused the ReStudy so only five (5) projects
were included in this ReStudy (henceforth referred to as PJM-TC1). The five projects evaluated in this
ReStudy are shown Table ES-1.

The PIM-TC1 project details are shown in Table ES-1 below.

Table ES-1: PIM-TC1 Affected System ReStudy Req
Max Included

Transmission Requested In- Generation

seppellivy | sim Owner Service Date Type

(MW)

Point of Interconnection in Steady
State

AF1-233 188.5 KY EKPC 5/31/2022 Solar fges’E{;‘QSb“rg = Spurlock X Active
AG1-070 45 KY EKPC 6/1/2024 Solar Bon Ayr 69 kV Refused
Restudy
Refused
AG1-071 55 KY EKPC 6/1/2024 Solar Bon Ayr 69 kV Restudy
AG1-320 82 KY EKPC 10/1/2023 Solar gée;‘\?a'e'Stephe”Sb”rg X Active
AG1-341 106 KY EKPC 6/15/2023 s?gr':ge Summer Shade 161 kV X Active
Summershade-Green .
AG1-354 150 KY EKPC 12/31/2023 Solar oy X Active
B 54 (reduced Up Church-Wayne )
Act-471 | SLERES | Ky EKPC 10/2/2023 Solar oty 68 RV X Active

Aneden performed steady state analysis using a set of Pre-Project and Post-Project study models. The Pre-
Project models include the relevant LG&E/KU GI projects as well as previously studied PJM projects and
all relevant GI upgrades from each set of projects. The Post-Project models are with the additional PJM-
TC1 projects in place.

The steady state analysis was performed using a set of six (6) scenarios, studying the Off-Peak, Summer,
and Winter seasons in two different case years (2029 and 2034).

For the steady state analysis, the LG&E/KU Affected System Study Criteria and Methodology document!
was used to determine if the PIM-TC1 projects had an impact on the LG&E/KU system. The impacts
presented are based on the criteria described in Sections 4 and 5 of the LG&E/KU Affected System Study
Criteria and Methodology document. The applicable North American Electric Reliability Corporation
(NERC) Transmission Planning Standard (TPL-001-5) was also applied to assess system performance
under studied PO Conditions and P1, P2, P3, P4, P6, and P7 Planning Events?.

Results

The steady state analysis results showed that the addition of the PJM-TC1 projects did not cause any new
voltage impacts within the LG&E/KU transmission system that met the criteria. However, there was one
(1) thermal constraints found that required mitigation. LG&E/KU reviewed the impacts and determined the

' LG&E/KU Affected System Study Criteria and Methodology Version 0.0 July 6, 2021
2 Planning Events P5 were not included as part of the analysis within this Study.

4 ANEDEN ES-1 Louisville Gas & Electric Kentucky Utilities
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EXECUTIVE SUMMARY

necessary system network upgrades. The project information and planning level cost estimate are
summarized in Table ES-2. The PIM-TCI1 project level cost allocations are provided in Section 4.1.

Table ES-2: PJM-TC1 System Network Upgrade Summar;

Monitored Facility

Estimated
Lead Time
(months)

Planning Level

LR [ECE ! Cost Estimate

4SPENCER RD 138.00 TO

2021-018POI 138.00 1 5/30/2034

Increase the MOT of the 8.25 mile of
556.5 MCM 26X7 ACSR in the Spencer
Rd-GI-2021-018 POI 138kYV line to
176°F.

$6,187,500 30

4 ANEDEN
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Scope of Study

1.0 Scope of Study

Aneden Consulting (Aneden) was retained by the Louisville Gas & Electric and Kentucky Utilities
(LG&E/KU) to perform an Affected System Study (Study) for Generation Interconnection (GI) requests in
the PJM Interconnection (PJM) PIM-TC1 queue to evaluate the impact of their interconnection on the
LG&E/KU transmission system. LG&E/KU previously studied this cluster in the Affected System Study
completed in August 2025, after which several of projects in the cluster withdrew with seven (7) remaining.
Two of the seven projects, AG1-070 and AG1-071, refused the ReStudy so only five (5) projects were
included in this ReStudy (henceforth referred to as PIM-TC1).

1.1 Scope

The Study methodology, assumptions, and results of the analyses are presented in the following main

sections:

e Project Description

e Steady State Analysis
o Methodology & Criteria
o Model Development
o Analysis Results

e Conclusion

Aneden performed steady state analysis using a set of Pre-Project and Post-Project study models. The
Pre-Project models include the relevant LG&E/KU GI requests as well as previously studied PJIM
requests and all relevant GI upgrades from each set of projects. The Post-Project models are with the
remaining PJIM-TC1 projects in place. All analyses were performed using the PTI PSS/E version 34
software and custom tools provided by LG&E/KU.

The steady state analysis was performed using a set of six (6) Pre and Post-Project scenarios as shown
in Table 1-1.

Table 1-1: PJM-TCI1 Steady State Study Models

Case Year/Season Pre-Project Post-Project

2029 Summer Peak

2029S 2025 TEP r20241004 pre-PJM

2029S 2025 TEP r20241004 post-PJM

2029 Off-Peak

20290P 2025 TEP r20241004 pre-PJM

20290P 2025 TEP r20241004 post-PJM

2029 Winter Peak

2029W 2025 TEP r20241004 pre-PJM

2029W 2025 TEP r20241004 post-PJM

2034 Summer Peak

2034S 2025 TEP r20241004 pre-PJM

2034S 2025 TEP r20241004 post-PJM

2034 Off-Peak

20340P 2025 TEP r20241004 pre-PJM

20340P 2025 TEP r20241004 post-PJM

2034 Winter Peak

2034W 2025 TEP r20241004 pre-PJM

2034W 2025 TEP r20241004 post-PJM

1.2 Study Limitations

The assessments and conclusions provided in this report are based on assumptions and information
provided to Aneden by others. While the assumptions and information provided may be appropriate for
the purposes of this report, Aneden does not guarantee that those conditions assumed will occur. In
addition, Aneden did not independently verify the accuracy or completeness of the information provided.
As such, the conclusions and results presented in this report may vary depending on the extent to which
actual future conditions differ from the assumptions made or information used herein.

4 ANEDEN 1 Louisville Gas & Electric Kentucky Utilities
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PIM-TCI Affected System ReStudy Project Description

2.0 Project Description

PIM-TCI restudy consists of five PJM requests in the PIM-TC1 queue that are in close proximity to the
LG&E/KU system. This Study evaluated the impacts of the PJM-TCI projects on the LG&E/KU
transmission system as a combined cluster. Note that five of the projects previously studied, AE2-275, AF1-
116, AG1-067, AG1-070, and AG1-071 were withdrawn or refused restudy. The individual project details
are shown in Table 2-1 below.

Table 2-1: PJM-TC1 Affected System ReStudy Reg

Included
Capability = State . Point of Interconnection in Steady
) Owner Service Date Type State

Transmission Requested In- Generation

AF1-233 188.5 KY EKPC 5/31/2022 Solar ':g%”;{?gsmg — Spurlock X Active
AG1-070 45 KY EKPC 6/1/2024 Solar Bon Ayr 69 kV Refused
Restudy
AG1-071 55 KY EKPC 6/1/2024 Solar Bon Ayr 69 kV Refused
Restudy
AG1-320 82 KY EKPC 10/1/2023 Solar g;elz‘\?a'e'Stephe”Sb“rg X Active
Solar; .
AG1-341 106 KY EKPC 6/15/2023 Storade | Summer Shade 161 kv X Active
AG1-354 150 KY EKPC 12/31/2023 Solar Summershade-Green X Active
County 161 kV
B 54 (reduced Up Church-Wayne .
actart | HLEed0ed | ky EKPC 10/2/2023 Solar | b Y X Active

LG&E/KU was notified by PJM as a Potentially Affected System for these PJM-TCI1 projects due to
constraints found during the PJM study process.

As a result, this Affected System Study was initiated to further investigate the potential impacts of the
cluster on the LG&E/KU transmission system.

4 ANEDEN 2 Louisville Gas & Electric Kentucky Utilities
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Steady State Analysis

3.0 Steady State Analysis

The steady state modeling was completed using PTI PSS/E software version 34.7.0. Aneden used an
LG&E/KU provided custom Screening Tool to simulate, process, and evaluate the system contingencies as
well as generation dispatch scenarios for the Planning Event P3 analysis. The analysis was performed in
accordance with criteria and methodology specified in the LG&E/KU Affected System Study Criteria and

Methodology (Methodology)®.

3.1 Methodology

A steady state analysis was performed to identify any impacts on the LG&E/KU transmission system
caused by the five PIM-TC1 Restudy projects. The results of the analysis were evaluated by comparing
the thermal loading and voltage magnitude of the monitored LG&E/KU lines, ties, and buses under

numerous dispatch and contingency scenarios.

Aneden identified the branch loadings and voltage magnitudes in the Pre-Project study models and the
Post-Project study models to determine if there were new impacts created by the addition of the PJM-

TC1 Restudy projects.

The applicable NERC Transmission Planning Standard (TPL-001-5) was applied to assess system
performance under studied PO Conditions and P1, P2, P3, P4, P6, and P7 Planning Events®, as defined

in Table 3-1.

Table 3-1: Planning Condition and Event Definitions
Planning

Event Definition

Event

PO

System Normal Contingencies, No Contingencies

P1

Single Contingency - Generator, Transmission Circuit,
Transformer, Shunt Device or Single Pole of DC Line

P2

Single Contingency — Line Section Loss w/o a fault,
Buss Section Fault, Internal Breaker Fault

P3

Multiple Contingency - loss of generator unit followed
by a loss of Generator, Transmission Circuit,
Transformer, Shunt Device or Single Pole of DC Line

P4

Multiple Contingency caused by stuck breaker
attempting to clear a fault on Generator, Transmission
Circuit, Transformer, Shunt Device or Bus Section

P6

Multiple Contingency - loss of Transmission Circuit,
Transformer, Shunt Device or Single Pole of DC Line
followed by a loss of Transmission Circuit,
Transformer, Shunt Device or Single Pole of DC Line

P7

Multiple Contingency - loss of any two adjacent
(vertically or horizontally) circuits on common structure
or loss of a bipolar DC line

The planning events were simulated using the LG&E/KU provided Screening Tool.

3.2 Reliability and Impact Criteria

LG&E/KU’s Affected System Study Criteria and Methodology was applied to identify reliability criteria

exceptions caused by the interconnection of the PJM-TC1 Restudy projects.

3 LG&E/KU Affected System Study Criteria and Methodology Version 0.0 July 6, 2021
4 Planning Events P5 were not included as part of the analysis within this Study.
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Equipment loadings were monitored to record any criteria exceptions based on their 100% static
applicable rating. The criteria require all transmission elements to either operate within their ratings, or
if violated, the impact between the Pre-Project and Post-Project models must be within allowable ranges
shown in Table 3-2 and Table 3-3 below. Therefore, all criteria exceptions were recorded for the
identification of the transmission system deficiencies.

Thermal impacts were defined as pre-contingency overloads greater than 100% of the Rate A or post-
contingency overloads greater than 100% of the Rate B and at least one of the following conditions met:

1. The Distribution Factor (DF) is equal to or greater than 3% on the overloaded facility

2. Neighboring Project results in flow increase of at least 5 MV A on the overloaded facility

3. Neighboring Project results in flow increase of at least 5% of the applicable rating on the
overloaded facility

The DF was calculated for the cumulative PJM-TCI1 restudy cluster. Table 3-2 summarizes the thermal
impact criteria.

Table 3-2: Thermal Impact Criteria
Additional

System Condition Maximum Allowable Facility Loading Overloaded Facility
Criteria

DF: 2 3%
or
Flow Increase: 25 MVA

Post-Contingency (N-1) <=100% of Long-Term Emergency (LTE) Rating (Rate B) or
Flow Increase: 25%

Pre-Contingency (N-0) <=100% of Normal Rating (Rate A)

Voltage impacts were defined as any new voltage criteria exceptions based on the specific voltage range
identified for each bus and voltage criteria exceptions worsened by greater than 1% impact on the
monitored bus voltage in the Post-Project model as compared to the Pre-Project model. Table 3-3
summarizes the voltage impact criteria.

Table 3-3: Voltage Impact Criteria

Pre-Contingency Post-Contingency
Voltage (p.u.) Voltage (p.u.) Delta Voltage
Low | High Low High
LG&E/KU Area 363 | 69 kV - 499 kV 0.94 1.05* 0.90 1.05* 1.00%
LG&E/KU Area 363 500 kV 0.94 1.10* 0.90 1.10* 1.00%

*High voltage violations do not constitute a cost allocation per Section 5 of the LG&E Affected System Criteria

3.3 Study System

The simulated planning events consisted of events in the LG&E/KU system and surrounding areas.
Contingency files were provided by LG&E/KU for P1, P2, P3, P4, P6, and P7 Planning Events. The
LG&E/KU (Area 363) region was monitored for loading and voltage impacts as shown in Table 3-4

below.
Table 3-4: Areas and Voltages Monitored
Planning Event Area and Voltage
Range
P2, P4, P6, & P7 Area 363, 138 - 500 kV
P1 & P3 Area 363, 69 - 500 kV
4 ANEDEN 4 Louisville Gas & Electric Kentucky Utilities
r
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3.4 Dispatch Scenarios

LG&E/KU provided several dispatch scenarios to be evaluated. These dispatches were applied in
combination with each P1 Planning Event during the P3 Planning Event analysis. Appendix A shows
the generation dispatch scenarios.

3.5 Steady State Modeling Details
This section describes the steady state study models developed for the analysis, as listed in Table 3-5.

Table 3-5: PJM-TC1 Steady State Study Models

Case Year/Season Pre-Project Post-Project
2029 Summer Peak 2029S 2025 TEP r20241004 pre-PJM 2029S 2025 TEP r20241004 post-PJM
2029 Off-Peak 20290P 2025 TEP r20241004 pre-PJM 20290P 2025 TEP r20241004 post-PJM
2029 Winter Peak 2029W 2025 TEP r20241004 pre-PJM 2029W 2025 TEP r20241004 post-PJM
2034 Summer Peak 2034S 2025 TEP r20241004 pre-PJM 2034S 2025 TEP r20241004 post-PJM
2034 Off-Peak 20340P 2025 TEP r20241004 pre-PJM 20340P 2025 TEP r20241004 post-PJM
2034 Winter Peak 2034W 2025 TEP r20241004 pre-PJM 2034W 2025 TEP r20241004 post-PJM

3.5.1 LG&E/KU Pre-Project Model Development
The following starting LG&E/KU 2025 Transmission Expansion Plan (TEP) seasonal steady state
cases were provided by LG&E/KU for this Study:

2029 Summer Peak

2029 Off-Peak

2029 Winter Peak

2034 Summer Peak

2034 Off-Peak

2034 Winter Peak

The steady state Pre-Project models were created by taking the starting cases and including
LG&E/KU GI projects that had at least signed a Facility Study Agreement prior to the original
execution of the Affected System Study Agreement and all relevant GI upgrades as provided by
LG&E/KU. Table 3-6 shows the LG&E/KU GI projects included in the six (6) starting cases. If
any of the LG&E/KU projects were already modeled and dispatched, they were not altered. If any
LG&E/KU projects had been withdrawn by the study start, they were turned off and any associated
upgrades were removed.

4 ANEDEN 5 Louisville Gas & Electric Kentucky Utilities
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Table 3-6: LG&E/KU GIs Included in Stead

State Study Models

Description Point of Interconnection C?Ir\;lavs;ty
GI-2017-002 Lyon Solar Livingston Co to North Princeton 161kV 86
GI1-2019-025 Mercer Solar Bardstown to Brown CT 138kV 98
GI-2021-007 | McCracken Solar Grahamville 161kV 120
GI-2021-008 Clark (IN) | Solar+BESS Trimble to Speed 345kV 500
GI1-2021-009 Hardin Solar+BESS Hardin Co to Davies Co 345kV 200
GI1-2021-010 Marion Solar Lebanon 138kV 120
GI-2021-013 Hardin BESS Hardin Co 69kV 120
Gl1-2021-017 Mason Solar+BESS Wedonia to Kenton 138kV 100
Gl-2021-018 Bath Solar+BESS Spencer Road to Farmers Tap 138 kV 110
GI-2021-019 Boyle Solar KY ST Hospital 69 kV 100
GI-2021-020 McCracken | Solar+BESS Grahamville 161 kV 120

The Pre-Project models also included the addition of several previously studied PJM projects as
shown in Table 3-7 along with any relevant PJM upgrades. The modeling data was provided by
PJM. If any of the listed PJM projects were already modeled in the later year cases, the topology
was extracted and included in the near term cases and all models were redispatched according to
LG&E/KU instructions. If any PJM projects had been withdrawn by the start of the study, they
were turned off and any associated upgrades were removed.

Table 3-7: PJM GIs Included in Stead

State Study Models

_—n Point of Capacity
G DR F e Interconnection (MW)

AB1-087 Sullivan (IN) Natural Gas Sullivan 345kV #1 550

AB1-088 Sullivan (IN) Natural Gas Sullivan 345kV #2 550
. Jacksonville-Renaker

AC1-074 Harrison (KY) Solar 138KV | 80

AC2-157 Sullivan (IN) Solar Sullivan 345 kV 200

AE1-143 Marion (KY) Solar Marion County 161 kV 96

Summer Shade -

AF1-050 Green (KY) Solar Green County 161 kV 60

AF1-083 | Barren (KY) Solar Grean County. Saloma 55
North Clark-Spurlock

AF2-111 Mason (KY) Solar 345 KV 250

Per LG&E/KU, all newly added LG&E/KU GI projects (not already dispatched) and all of the specified
PJM GI projects in Table 3-7 were dispatched according to each project’s Generation Interconnection
Capacity (GIC) and fuel type as shown in Table 3-8.

4 ANEDEN 6 Louisville Gas & Electric Kentucky Utilities
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Table 3-8: Steady State Resource Dispatch Percenta:

€S

Re-?;:erce Summer Peak Dispatch Off-Peak/Light Load Dispatch Winter Peak Dispatch
Wind 20% Pmax 20% Pmax 20% Pmax
Solar 80% Pmax 100% GIC + Aux 0% (Aux offline)
BESS 100% GIC + Aux 100% GIC + Aux 100% GIC + Aux
Solar @ 80% Pmax, Solar @ 100% GIC + Solar Aux Solar @ 0%
Hybrid BESS @ 20% ((GIC + Aux) - or Max Capability BESS @ 100% GIOC‘) + Aux
(Solar/BESS) Solar Pgen) or Max BESS @ ((GIC + BESS Aux) - or Max C; abilit
Capability Solar Pgen) or Max Capability P Y
Natural Gas 100% GIC + Aux 100% GIC + Aux 100% GIC + Aux

The LG&E/KU projects were dispatched by reducing the LG&E/KU generator units in merit order
while maintaining the spinning reserve per LG&E/KU’s Transmission Planning Guidelines®. The
PIM projects were dispatched by sinking the generation to the provided PJM areas as shown in
Table 3-9 and adjusting the area interchanges.

Table 3-9: PJM Areas for Dispatching
PJM Areas

201 225 233
202 226 234
205 227 235
206 228 236
209 229 237
212 230 238
215 231 320
222 232 345

3.5.2 Post-Project Model Development
The PIM-TC1 Post-Project models were created by taking the Pre-Project models and including
the five (5) PJIM-TCI1 projects as shown in Table 2-1 using files provided by PJM and the above
PJM dispatch methodology.

3.6 Steady State Analysis Results
The results were evaluated by comparing the loading and voltage between the Pre-Project and Post-
Project study models. Only impacts that meet the cost allocation criteria requirements as described in
Section 5 of the LG&E/KU Affected System Study Criteria and Methodology document and
summarized in Section 3.2 are shown below. There were a number of non-converged contingencies that
did not solve in either the Pre- or Post-Project models. These were considered pre-existing issues and
were not resolved within this affected system study.

3.6.1. Steady State PO Results
There were no PO thermal or voltage impacts within the LG&E/KU transmission system that met
the impact criteria.

> LG&E/KU Transmission System Planning Guidelines October 31, 2023

AANEDEN

Confidential

7 Louisville Gas & Electric Kentucky Utilities



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1b_LG&E Affected Systems Study

Page 14 of 19

PIM-TC1 Affected System ReStudy Steady State Analysis

3.6.2. Steady State P1 Results

There were no P1 thermal or voltage impacts within the LG&E/KU transmission system that met
the impact criteria and were assigned mitigation. The impacts that were seen that did not require
mitigation for the PJM-TCI cluster are shown in Appendix C.

3.6.3. Steady State P2 Results

Table 3-10 shows the worst P2 thermal loading impact for each monitored facility in each year and
season. The contingency definitions are provided in Appendix B. There were no P2 voltage impacts
within the LG&E/KU system that met the impact criteria.

Table 3-10: PIM-TC1 Worst P2 Thermal Violations Per Case
Pre- Post-

Rating Project Project MVA Pre-Project | Post-Project %Loading
Year Season Monitored Facility Contingency = (MVA) MVA MVA Increase %Loading %Loading Increase
4SPENCER RD
2034 S 138.00 TO 2021- EKPC P2-128 121 127.05 133.81 6.76 105.00% 110.59% 5.59%
018POQI 138.00 1

3.6.4. Steady State P3 Results

Table 3-11 shows the worst P3 thermal loading impact for each monitored facility in each year and
season. The contingency definitions are provided in Appendix B. There were no P3 voltage impacts
within the LG&E/KU system that met the impact criteria. The thermal impacts that were seen that
did not require mitigation for the PJM-TC1 cluster are shown in Appendix C.

Table 3-11: PJM-TC1 Worst P3 Thermal Violations Per Case

Pre- Post- Pre- Post-

. o .
Season Monitored Facility Dispatch Contingency ?6329)’ Project Project Inc“:’:'::se Project Project f’r:':;::eg
MVA MVA %Loading %Loading
4SPENCER RD SINGLE OPN
2034 S 138.00 TO 2021- br3_merit_miso | LIN 324467- 121 117.57 | 126.09 8.52 97.17% 104.21% 7.04%
018POI 138.00 1 324528(1)

3.6.5. Steady State P4 Results

Table 3-12 shows the worst P4 thermal loading impact for each monitored facility in each year and
season. The contingency definitions are provided in Appendix B. There were no P4 voltage impacts
within the LG&E/KU system that met the impact criteria.

Table 3-12: PJM-TC1 Worst P4 Thermal Violations Per Case
Pre- Post-

Rating Project Project MVA Pre-Project | Post-Project %Lloading
Year Season Monitored Facility Contingency (MVA) MVA MVA Increase | %Loading %Loading Increase
4SPENCER RD
2034 S 138.00 TO 2021- EKPC P4-68 121 127.05 133.81 6.76 105.00% 110.59% 5.59%

018POI 138.00 1

3.6.6. Steady State P6 Results

Table 3-13 shows the worst P6 thermal loading impact for each monitored facility in each year and
season. The contingency definitions are provided in Appendix B. There were no P6 voltage impacts
within the LG&E/KU system that met the impact criteria.

4 ANEDEN 8 Louisville Gas & Electric Kentucky Utilities
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Table 3-13: PJM-TC1 Worst P6 Thermal Violations Per Case
Pre- Post-

Rating Project Project MVA Pre-Project = Post-Project | %Loading
Year Season Monitored Facility | Contingency (MVA) LAY LAY Increase  %Loading %Loading Increase
4SPENCER RD
2034 S 138.00 TO 2021- P6 1591 121 116.27 123.99 7.72 96.09% 102.47% 6.38%
018POI 138.00 1

3.6.7. Steady State P7 Results
There were no P7 thermal or voltage impacts within the LG&E/KU transmission system that met
the impact criteria.

3.7 Steady State Analysis System Network Upgrades
LG&E/KU provided system network upgrade information and modeling files to resolve the steady state
impacts found in this affected system study. The project information and cost estimates are summarized

in Table 3-14. Due to the expedited nature of this study, planning level cost estimates were provided by
LG&E/KU.

Table 3-14: PJM-TC1 Steady State System Network Upgrade Summar

Estimated
Lead Time

(months)

Planning Level

Monitored Facility Upgrade Project Cost Estimate

Increase the MOT of the 8.25 mile of
4SPENCER RD 138.00 TO 5/30/2034 556.5 MCM 26X7 ACSR in the Spencer
2021-018POI 138.00 1 Rd-GI-2021-018 POI 138kV line to

176°F.

$6,187,500 30

3.7.1. Steady State Analysis Project Descriptions

Spencer Road — GI-2021-018 POI 69 kV Line MOT
e Planning Level Cost Estimate: $6,187,500
e Need Date: 5/30/2034
e Estimated Construction Timeline: 30 months
e Project Description: Increase the MOT of the 8.25 mile of 556.5 MCM 26X7 ACSR in the
Spencer Rd-GI-2021-018 POI 138kV line to 176°F.

4 ANEDEN 9 Louisville Gas & Electric Kentucky Utilities
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3.7.2. Steady State Upgrade Cost Allocation

Each LG&E/KU System Network Upgrade was cost allocated across the PJM-TC1 generators. If
the individual generators within the PJM-TC1 cluster increased the flow on the overloaded facility
it was allocated a percentage of the responsibility for the corresponding system network upgrade
based on the individual flow increase. If the generator did not have an adverse impact on a facility
it was not allocated cost for the corresponding upgrade.

The cost allocation was completed using a Cost Allocation Tool (CAT) developed for LG&E/KU
by Aneden. Each PJM-TC1 generator was added separately to the Pre-Project case and dispatched
to the PJM system to assess the increase in loading on the impacted facility under the highest loaded
scenario (using that specific year, season, and contingency).

Table 3-15 shows the allocation of costs for the identified system network upgrade described in
Section 3.7.1. Note that the request MW shown represents the seasonal dispatch (not the project
capacity) and the distribution factor shown was calculated using the MW impact and is shown for
reference only.

Table 3-15: Spencer Rd — GEN-2021-018 POI 69 kV Line MOT Cost Allocation

Request DF on MwW MW .
Request (Se'a\lnsv:nal Co:as(t:li'ﬁined Imop:ct Impact_for AIIo;:/oatlon Allocated Cost
Dispatch) y Facility  Allocation
AF1-233 180 5.93% 10.68 10.68 100.00% $6,187,500.00
AG1-320 65.6 -0.76% -0.50 0 0.00% $0.00
AG1-341 93.3 -0.60% -0.56 0 0.00% $0.00
AG1-354 120 -0.68% -0.82 0 0.00% $0.00
AG1-471 43.2 -0.74% -0.32 0 0.00% $0.00
Total Impact 8.48 10.68 100% $6,187,500.00
4 ANEDEN 10 Louisville Gas & Electric Kentucky Utilities
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4.0 Conclusion

As Affected System ReStudy was performed for five (5) PJM projects shown in Table 4-1 below, chosen
based on the proximity of the generation to the LG&E/KU system (PIM-TC1).

Table 4-1: PJM-TC1 Affected System Study Requests
Max Included

Transmission | Requested In- Generation

PJM GI Capability = State s Service Date

Point of Interconnection in Steady Status

AF1-233 188.5 KY EKPC 5/31/2022 Solar fg%“;{;‘gswg — Spurlock X Active
AG1-070 45 KY EKPC 6/1/2024 Solar Bon Ayr 69 kV Refused
Restudy
AG1-071 55 KY EKPC 6/1/2024 Solar Bon Ayr 69 kV Refused
Restudy
AG1-320 82 KY EKPC 10/1/2023 Solar gg'elf\‘/’a'e'Stephe“Sb“rg X Active
Solar; .
AG1-341 106 KY EKPC 6/15/2023 Storade | Summer Shade 161 kv X Active
AG1-354 150 KY EKPC 12/31/2023 Solar Summershade-Green X Active
County 161 kV
AG1-471 60 KY EKPC 10/2/2023 Solar Up Church-Wayne X Active
County 69 kV

The results of the steady state analysis identified a thermal impact that required mitigation. A cost allocation
was performed on the resulting system network upgrades to determine the responsibility on each PJM-TC1
project. No voltage impacts were found due to the PIM-TC1 generators.

4.1 PJM-TC1 Project Assigned Upgrade Costs
Table 4-2 through Table 4-6 show the assigned upgrade costs allocated to each of the PIM-TC1 projects.

Table 4-2: AF1-233 Allocated Cost Summar

Request Upgrade Project Allocated Cost
AF1-233 Spencer Road — GI-2021-018 POI 69 kV Line MOT $6,187,500.00
Total Cost $6,187,500.00

Table 4-3: AG1-320 Allocated Cost Summar

Request Upgrade Project Allocated Cost
AG1-320 N/A $0.00
Total Cost $0.00

Table 4-4: AG1-341 Allocated Cost Summar

Request Upgrade Project Allocated Cost
AG1-341 N/A $0.00
Total Cost $0.00

Table 4-5: AG1-354 Allocated Cost Summa

Request Upgrade Project Allocated Cost
AG1-354 N/A $0.00
Total Cost $0.00
4 ANEDEN 11 Louisville Gas & Electric Kentucky Utilities
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Table 4-6: AG1-471 Allocated Cost Summar

Request Upgrade Project Allocated Cost
AG1-471 N/A $0.00
Total Cost $0.00
4 ANEDEN 12 Louisville Gas & Electric Kentucky Utilities
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5.0 LG&E/KU Contact Information

For any questions regarding modeling, planning criteria, or analysis, please contact:

Benjamin Garffie

Principal Engineer
859-367-5621
Benjamin.Garffie@lge-ku.com

For any questions regarding the LG&E/KU OATT, or to initiate a facilities construction agreement, please
contact:

Ashley Vinson

Manager, Transmission Policy and Tariff
502-627-3278
Ashley.Vinson@lge-ku.com
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Legal Notice

This document was prepared by Siemens Industry, Inc., Siemens Power Technologies
International (Siemens PTI), solely for the benefit of MISO. Neither Siemens PTI, nor parent
corporation or its or their affiliates, nor MISO, nor any person acting in their behalf (a) makes
any warranty, expressed or implied, with respect to the use of any information or methods
disclosed in this document; or (b) assumes any liability with respect to the use of any
information or methods disclosed in this document.

Any recipient of this document, by their acceptance or use of this document, releases
Siemens PTI, its parent corporation and its and their affiliates, and MISO from any liability for
direct, indirect, consequential or special loss or damage whether arising in contract, warranty,
express or implied, tort or otherwise, and irrespective of fault, negligence, and strict liability.
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This report presents the results of an Affected System Impact Study (AFSIS) on MISO
transmission system performed for 64 projects in the PJM generator interconnection queue
TC1 Cluster. The AFSIS results are summarized below.

1.1

Project List

The PJM TC1 Cluster has 64 generation projects with a combined energy of 12272.29 MW.
The PJM TC1 Cluster generating facilities (Study Projects) are listed in Table ES-1.

Table ES-1: Study Projects in PJM TC1 Cluster

PJM State County TO Point of Interconnection Fuel Mw MFO SH SH Charge SPK
Project # Energy Discharge (MW) (MwW)
(MW)
AE1-114 | IL Ogle ComEd Maryland-Lancaster 138 kV Wind 150 150 150 150 23.4
AE1-172 | IL Livingston ComEd | Loretto-Wilton Center Wind 255 255 255 255 39.78
AE2-173 | IL McLean ComEd McLean 345 kV Storage | 50 250 50 -50 50
AE2-223 | IL McLean ComEd | McLean 345 kV Wind 150 150 150 150 23.4
AE2-261 IL Christian ComEd | Kincaid-Pana 345 kV Solar 299 299 0 0 159.75
142
AE2-308 | KY Madison EKPC Three Forks-Dale 138 kV Solar 100 100 0 0 100
AE2-321 IL McHenry ComEd Belvidere-Marengo 138 kV Solar 100 100 0 0 100
AE2-325 | MI Van Buren AEP Valley 138 kV Storage | 52.2 152.2 52.2 -52.2 52.2
AE2-341 IL Kendall ComEd | Sandwich-Plano 138 kV Solar 150 150 0 0 150
AF1-030 | IL Kendall ComEd | Sandwich-Plano 138 kV Solar 100 250 0 0 100
AF1-088 | IN Sullivan AEP Sullivan 345 kV MHVDC | 1000 1000 +1000 +1000 +1000
AF1-161 Mi Van Buren AEP Valley 138 kV Storage | 50 50 50 -50 50
AF1-176 Mi St. Joseph AEP Corey 138 kV Solar; 300 300 0 0 178.42
Storage 121.58 -121.58 121.58
AF1-204 | IN Vermillion AEP Eugene 345 kV Wind 255 255 255 255 39.78
AF1-233 | KY Fleming EKPC Flemingsburg — Spurlock 138kV | Solar 188.5 188.5 0 0 188.5
AF1-280 IL Lee ComEd Nelson-Lee County Solar 200 200 0 0 200
AF1-296 | IL Whiteside ComEd | Garden Plain 138 kV Wind 190.89 | 190.89 | 190.89 190.89 29.78
AF2-008 | IN Sullivan AEP Sullivan 345 kV MHVDC | 1000 2000 +1000 +1000 +1000
Siemens Industry, Inc. — Siemens Power Technologies International _
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PJM State County TO Point of Interconnection Fuel Mw MFO SH SH Charge SPK

Project # Energy Discharge (Mw) (Mw)
(Mw)
AF2-041 IL Lee ComEd Nelson-Electric Junction 345 kV | Solar 300 300 0 0 159.048
155.35
AF2-068 | IN Blackford AEP Jay 138 kV Solar 150 150 0 0 150
AF2-069 IL Bureau ComEd | Crescent Ridge 138 kV Wind 8.4 87.8 8.4 8.4 1.31
AF2-095 IL Kankakee ComEd Davis Creek 138 kV Solar 144 144 0 0 144
AF2-111 KY Mason EKPC North Clark-Spurlock 345 kV Solar 250 250 0 0 250
AF2-126 | OH Wood ATSI Weston 69 kV I Solar 12 62 0 0 12
AF2-142 IL Lasalle ComEd Nevada 345 kV Solar 150 150 0 0 150
AF2-143 | IL Lasalle ComEd | Powerton-Nevada 345 kV Solar 150 150 0 0 150
AF2-173 IN Delaware AEP Desoto 345 kV Solar 140 140 0 0 140
AF2-177 | IN Blackford AEP Sorenson-DeSoto #2 345 kV Wind 200 200 200 200 31.2
AF2-182 IL Lee ComEd | Nelson-Lee County 345 kV Il Solar 300 500 0 0 300
AF2-199 | IL Lee ComEd | Nelson-Electric Junction 345 kV | Solar 100 400 0 0 100
AF2-200 | IL Lee ComEd | Nelson-Electric Junction 345 kV | Solar 200 600 0 0 200
AF2-225 | IL McLean ComEd | McLean 345 kV Solar 150 150 0 0 150
AF2-226 IL Lasalle ComEd | Katydid Road 345 kV Storage | 50 50 50 -50 50
AF2-307 KY Bath EKPC Hope-Belvins Valley Tap 69 kV Solar 64.2 64.2 0 0 64.2
AF2-319 IL Lasalle ComEd Katydid Road 345 kV Storage | 50 50 50 -50 50
AF2-335 IN Delaware AEP Delaware-Royerton 138 kV Solar 100 100 0 0 100
AF2-349 | IL McHenry ComEd | SILVER LAKE- CHERRY Solar 300 300 0 0 300
VALLEY 345 KV
AF2-350 IL Kankakee ComEd | Kensington 138 kV Solar 100 100 0 0 100
AF2-388 | IN Blackford AEP Keystone-Desoto 345 kV Wind 200 200 200 200 31.2
AF2-392 | IL Lee ComEd | Nelson-Dixon 138 kV Wind 199 199 199 199 31.04
AF2-396 | MI Cass AEP Stinger 138 kV Solar; 200 200 0 0 200
Storage 80 -80 0

AF2-407 | IN Madison AEP Fall Creek 345 kV Storage | 300 300 300 -300 300
AF2-441 IL Cook ComEd | Burnham 138kV Storage | 200 200 200 -200 200
AG1-118 | IL DeKalb ComEd | Sugar Grove-Waterman 138kV Solar 300 300 0 0 300
AG1-127 | IL DeKalb ComEd | Crego Rd 138 kV Solar 951 190 0 0 95.1

Xii
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PJM State County TO Point of Interconnection Fuel Mw MFO SH SH Charge SPK
Project # Energy Discharge (MW) (MW)
(MW)
AG1-226 | IN Fountain AEP Eugene-Dequine 345 kV Solar 450 450 0 0 450
AG1-236 | IL Logan ComEd | Lanesville-Brokaw 345 kV Wind 180 380 180 180 28.08
AG1-297 | IN Shelby AEP Hanna-Tanners Creek 345 kV Storage | 300 300 300 -300 300
AG1-320 | KY Hardin EKPC Glendale-Stephensburg 69 kV Solar 82 82 0 0 82
AG1-341 | KY Metcalfe EKPC Summer Shade 161 kV Solar; 106 106 106 0 106
Storage
AG1-354 | KY Green EKPC Summershade-Green County Solar 150 150 0 0 150
161 kV
AG1-367 | IN Delaware AEP DeSoto 345 kV Solar 100 100 0 0 100
AG1-374 | IL McLean ComEd | Blue Mound 345 kV Solar 300 300 0 0 300
AG1-375 | IN Blackford AEP Sorenson-Desoto 345 kV Solar 100 100 0 0 100
AG1-410 | OH Van Wert AEP Maddox Creek-RP Mone 345 kV | Solar 300 300 0 0 300
AG1-411 | OH Van Wert AEP Maddox Creek-RP Mone 345 kV | Storage | 100 400 100 -100 100
AG1-433 | IN Blackford AEP Keystone-DeSoto 345 kV Wind 100 300 100 100 15.6
AG1-436 | IN LaPorte AEP Olive-University Park 345 kV Solar 125 250 0 0 125
AG1-447 | IN LaPorte AEP Olive-University Park 345 kV Storage | 55 305 55 -55 55
AG1-460 | IL Christian ComEd Kincaid-Pana 345 kV Storage | 30 329 30 -30 30
AG1-462 | IL Whiteside ComEd | Cordova 345 kV Solar 255 255 0 0 255
AG1-471 | KY Wayne EKPC Up Church-Wayne County 69 Solar 54 54 0 0 54
kv
AG1-526 | KY Garrard EKPC West Garrard 345 kV Solar 222 222 0 0 222
AG1-553 | IL Rock Island | ComEd | Cordova 345 kV Solar 260 260 0 0 260

1.2 Study Summary

MISO AFSIS study for PJM TC1 Cluster was performed in summer peak, summer shoulder
discharging, and summer shoulder charging scenarios. In each scenario, AF1-088 and AF2-
008 have two dispatch modes: 2000 MW Injection Right (IR) and 2000 MW Withdrawal Right
(WR) from the POI.

MISO AFSIS steady state study includes MISO Base analysis and NIPSCO LPC analysis.

Siemens Industry, Inc. — Siemens Power Technologies International
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Due to many severe thermal and voltage constraints identified in MISO system, the MISO
AFSIS steady state study has two study stages. The Stage-1 steady state study is to identify
Base Case Network Upgrades for mitigating initial severe thermal and voltage constraints.
With the Base Case Network Upgrades included, the Stage-2 steady state study is to identify
additional Network Upgrades.

It should be noted that, a restudy might be needed if there are significant changes in the
study assumptions, including but not limited to, changes of the prior queued Network
Upgrade included in the model, withdrawals of higher queued projects from MISO or PJM
interconnection queue, and/or changes to the TC1 study projects listed in Table ES-1.

1.2.1 Stage-1 MISO AFSIS Steady State Study

The Stage-1 MISO Base steady state analysis detailed results are in Appendix B. The Stage-
1 worst thermal constraints are in Table 2-1, and the Stage-1 worst voltage constraints are in
Appendix B.7.

The Stage-1 NIPSCO Local Planning Criteria (LPC) analysis detailed results are in Appendix
C. Additional thermal constraints with maximum screened loadings identified in NIPSCO LPC
analysis are in Table 3-1.

1.2.2 Base Case Network Upgrades

Based on the Stage-1 MISO AFSIS steady state analysis, Base Case Network Upgrades
were identified and justified to mitigate several thermal and voltage constraints identified in
the Stage-1 study. The Base Case Network Upgrades are listed below.

Table ES-2: PJM Backbone Network Upgrades

Project Name Description

ComEd_s3011 Replace 345 kV open air straight bus with GIS in a breaker and half
configuration (34 Circuit Breakers) at Goodings Grove with 80kA capability.

ComEd_b3811_Haumesser-W.Dekalb Rebuild 138 kV from Haumesser Rd to H-452 Tap

B3775 Green Acre - Olive + St John University Park-Olive-StJohn line Reconfiguration

AEP Jefferson-Clifty AEPSERG13 Add a second Jefferson 765/345kV XFMR connect to a parallel Jefferson -
Clifty 345kV line

Table ES-3: PJM System Impact Study Network Upgrades

Facility Area MISO TO Proposed Reinforcement by MISO TO
18MOROCCO (256583) [345 KV] to 02ALLEN METC/ATSI METC Remove sag. Ratings will be 1861/2124. Cost:
(238530) [345 KV] ckt 1 $625,000. Restrictions at PJM Allen Junction

needs to be removed. PJM SIS identified
upgrade. The cost allocation of the upgrade will
be determined by PJM in their System Impact
Study report.
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Facility

Area MISO TO Proposed Reinforcement by MISO TO

05EUGENE (243221) [345 KV] to 08CAYSUB
(249504) [345 KV] ckt 1

AEP/DEI DEI Currently working on new 4000A conductor with a
rating of 2430 MV, the parallel line is not needed
with the new conductor is approved. The cost to
rebuild with the new conductor is $12M. PJM SIS
identified upgrade. The cost allocation of the
upgrade will be determined by PJM in their

System Impact Study report.

19MON12 (264612) [345 KV] to
02LALLENDORF (241901) [345 KV/] ckt 1

ITCT/ATSI ITCT Reconductor ITCT section of Lallendorf-Monroe
line. Post upgrade ratings will be 1677/2124.
Cost: $43,500,000. PJM SIS identified upgrade.
The cost allocation of the upgrade will be
determined by PJM in their System Impact Study

report.

Table ES-4: MISO LRTP Projects

Project Name

Description

LRTP-16: Morrison Ditch — Reynolds — Burr Oak
— Leesburg — Hiple

Install single circuit 345kV transmission line from the existing Morrison Ditch
Substation, to the existing Reynolds Substation, to the existing Burr Oak
Substation, to the existing Leesburg Substation, to the existing Hiple Substation.

LRTP-33: Greentown - Sorenson - Lulu

Install single circuit 765kV transmission line from the existing Greentown
Substation to the existing Sorenson Substation, to the existing Lulu Substation.

LRTP-35: Southwest Indiana-Kentucky

Install double circuit 345kV transmission line from the existing Petersburg
Substation to the new Pike County Substation. Install single circuit 345kV
transmission line from the new Pike County Substation to the existing Duff
Substation, to the existing Culley Substation, to the existing Reid EHV Substation.

LRTP-36: Southeast Indiana

Install single circuit 345kV transmission line from the new Madison County
Substation to the existing Greensboro Substation. Install single circuit 138kV
transmission line from the existing Decatur County Substation to the existing
Greensburg Substation. Install double circuit 138kV transmission line from the
existing Batesville Substation to the existing Hubbell Substation, to the existing
Greendale Substation, to the existing Miami Fort Substation.

LRTP-37: Maywood - Belleau - MRPD - Sioux -
Bugle

Install single circuit 345kV transmission line from the existing Maywood Substation
to the existing Belleau Substation, to the new MRPD Substation, to the existing
Sioux Substation, from the new MRPD Substation to the existing Bugle
Substation.

LRTP-42: Burr Oak - Schahfer

Install single circuit 345kV transmission line from the existing Burr Oak Substation
to the existing Schahfer Substation.

1.2.3 Stage-2 MISO AFSIS Steady State Study

Stage-2 MISO AFSIS steady-state analysis was performed on the benchmark and Stage-2
study cases with Base Case Network Upgrades included. Additional MISO affected system
thermal and voltage Network Upgrades were identified for Study Projects in PJM TC1 cluster.
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Table ES-5: Thermal Network Upgrades Identified in Stage-2

MISO Base Steady State Analysis

Constraint Owner Mitigation Cost ($) Construction time
Cayuga - Nucor 345 kV DEI MTEP Proj ID 50718: Rebuild with 954 ZTACSR @ 200C from $0 In-service dates of the
Cayuga Gen Yard to Nucor. Upgrade terminal equipment different plans range
accordingly. from 2032-2035.
Reynold 765/345 kV xfmr NIPSCO | 2nd 765/345kV Transformer. MISO MTEP LRTP-40 Project. $0 6/1/2034
Moro - Laclede NTP 138 kV | AMIL MTEP project 50119, line rebuild. Assigned to DPP-2019 Central $0 6/30/2028
Table ES-6: Voltage Network Upgrades Identified in Stage-2
MISO Base Steady State Analysis
Constraints Network Upgrades Owner Cost ($) Construction
time
Low voltages in area of Gallagher 230 kV Install 144 MVAR cap bank at Gallagher sub. DEI $3,000,000 | 3-4 yrs
Low voltage in areas of Shoals 138 kV Install 28.8 MVAR cap bank at Shoals sub DEI $3,000,000 | 3-4 yrs
Low voltages in area of Avon East 138 kV Install 28.8 MVAR cap bank at Avon East sub DEI $3,000,000 | 3-4 yrs

Stage-2 NIPSCO LPC contingency analysis was performed on the benchmark and Stage-2
study cases with Base Case Network Upgrades included. Additional NIPSCO LPC thermal
Network Upgrades were identified for Study Projects in PJM TC1 cluster.

Table ES-7: Thermal Network Upgrades Identified in Stage-2

NIPSCO LPC Analysis

Constraint Owner Mitigation Cost ($) Construction
time
Whrich - Rochester TP 69 kV DEI DEI: Rebuild 1 mile of 69kV with 477ACSR/VR2 @ $1,500,000 TBD
NIPSCO | 100/120C the ratings assume that NIPSCO terminal
upgrades would not limit our T-Line rating. $1.5M
NIPSCO: Rebuild line, NIPSCO owns 0.037 miles of
0.9 mile line. NIPSCO portion included in Argos to
Rochester tap mitigation/cost.
Argos - Plymouth 69 kV NIPSCO | Rebuild line, approx 10 miles $12,654,948 2-3 yrs
Argos - Rochester TP 69 kV NIPSCO | Rebuild line, approx 3.2 miles $4,049,583 2-3 yrs

1.2.4 MISO AFSIS Transient Stability Study

Transient stability analysis was performed to identify any transient stability violations caused
by the PJM projects in TC1 Cluster. Base Case Network Upgrades developed in from the
Stage-1 MISO AFSIS steady state results were not included in the stability models.

Xvi

Siemens Industry, Inc. — Siemens Power Technologies International
R121-25 - MISO Affected System Study for PJM TC1 Cluster



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1c_MISO Affected System Study

Page 19 of 164

Executive Summary

Based on the MISO 2026 summer peak, summer shoulder discharging, and summer
shoulder charging scenarios with either IR or WR transient stability analyses, no transient
stability constraints were identified for the Study Projects in PJM TC1 Cluster; no MISO
AFSIS stability NUs are required for the PJM TC1 projects.

1.2.5 Short Circuit Screening Analysis

Short circuit screening analysis was conducted by comparing three phase fault currents in the
benchmark and study cases for the Study Projects in TC1 Cluster. Several AMIL buses were
flagged for some PJM TC1 projects. Ameren confirmed that the related breakers can handle
the 5% fault current increase. Therefore, mitigation or further study is not required.

1.2.6 Contingent Facilities

Contingent Network Upgrades were identified for the PJM projects in TC1 Cluster. Details are
in Section 9.

It should be noted that a restudy may be required if significant changes to the study
assumptions occur, including but not limited to, interconnection request withdrawals and/or
changes to higher-queued Network Upgrades included in the Base Case, and changes to the
Contingent Network Upgrade.

For the study projects that are required to mitigate thermal violations, the projects should not
be allowed to come into service before the required Network Upgrades are in service, unless
a MISO restudy removes the mitigation requirement from the project, or an interim limit is
provided to the project through MISO Annual ERIS process.

For projects that are required to mitigate voltage violations, the projects should not be allowed
to come into service before the required Network Upgrades are in service, unless a MISO
restudy removes the mitigation requirement from the project, or an interim limit is provided to
the project through MISO Annual ERIS process.

1.3 Total MISO AFSIS Network Upgrades for all Projects

The total cost of MISO AFSIS Network Upgrades (NU) required for each generation project is
listed in Table ES-8. The costs for Network Upgrades are planning level estimates and
subject to be revised in the facility studies.

Table ES-8: Total Cost of MISO AFSIS Network Upgrades for
PJM Generation Projects in TC1 Cluster

Project Num Network Upgrades ($) Total Network
. . Upgrade Cost ($)
MISO Thermal & Voltage NIPSCO LPC Transient Short Circuit
Stability
AE1-114 $20,346 $61,847 $0 $0 $82,193
AE1-172 $26,006 $110,511 $0 $0 $136,517
AE2-173 $52,682 $102,038 $0 $0 $154,719
AE2-223 $26,006 $47,754 $0 $0 $73,760
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Project Num Network Upgrades ($) Total Network
MISO Thermal & Voltage NIPSCO LPC Transient Short Circuit Upgrade Cost ($)
Stability
AE2-261 $389,117 $344,549 $0 $0 $733,666
AE2-308 $0 $0 $0 $0 $0
AE2-321 $78,688 $289,618 $0 $0 $368,306
AE2-325 $20,346 $229,309 $0 $0 $249,655
AE2-341 $113,720 $453,895 $0 $0 $567,614
AF1-030 $73,028 $302,596 $0 $0 $375,624
AF1-088 $1,945,685 $1,130,667 $0 $0 $3,076,352
AF2-008 $1,945,685 $1,130,667 $0 $0 $3,076,352
AF1-161 $20,346 $219,644 $0 $0 $239,991
AF1-176 $122,745 $1,373,557 $0 $0 $1,496,302
AF1-204 $66,698 $3,244 $0 $0 $69,943
AF1-233 $0 $0 $0 $0 $0
AF1-280 $166,401 $515,109 $0 $0 $681,511
AF1-296 $26,006 $69,161 $0 $0 $95,168
AF2-041 $245,758 $816,661 $0 $0 $1,062,419
AF2-068 $8,357 $0 $0 $0 $8,357
AF2-069 $0 $3,175 $0 $0 $3,175
AF2-095 $99,034 $498,921 $0 $0 $597,955
AF2-111 $0 $0 $0 $0 $0
AF2-126 $0 $2,025 $0 $0 $2,025
AF2-142 $119,380 $469,866 $0 $0 $589,247
AF2-143 $125,709 $449,616 $0 $0 $575,325
AF2-173 $8,357 $0 $0 $0 $8,357
AF2-177 $0 $0 $0 $0 $0
AF2-182 $245,758 $772,664 $0 $0 $1,018,422
AF2-199 $78,688 $272,220 $0 $0 $350,908
AF2-200 $166,401 $544,440 $0 $0 $710,842
AF2-225 $158,045 $306,113 $0 $0 $464,158
AF2-226 $46,352 $158,310 $0 $0 $204,662
AF2-307 $0 $0 $0 $0 $0
AF2-319 $46,352 $158,310 $0 $0 $204,662
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Project Num

Network Upgrades ($)

Total Network

MISO Thermal & Voltage NIPSCO LPC Transient Short Circuit Upgrade Cost ($)
Stability

AF2-335 $8,357 $0 $0 $0 $8,357
AF2-349 $245,758 $848,605 $0 $0 $1,094,362
AF2-350 $73,028 $346,473 $0 $0 $419,501
AF2-388 $19,677 $0 $0 $0 $19,677
AF2-392 $26,006 $79,421 $0 $0 $105,428
AF2-396 $81,384 $892,078 $0 $0 $973,463
AF2-407 $0 $0 $0 $0 $0
AF2-441 $146,055 $764,869 $0 $0 $910,924
AG1-118 $239,429 $872,350 $0 $0 $1,111,779
AG1-127 $73,028 $273,822 $0 $0 $346,850
AG1-226 $564,833 $659,174 $0 $0 $1,224,007
AG1-236 $46,352 $39,579 $0 $0 $85,931
AG1-297 $0 $0 $0 $0 $0
AG1-320 $5,660 $0 $0 $0 $5,660
AG1-341 $16,981 $0 $0 $0 $16,981
AG1-354 $16,981 $0 $0 $0 $16,981
AG1-367 $16,713 $0 $0 $0 $16,713
AG1-374 $330,106 $565,094 $0 $0 $895,200
AG1-375 $14,686 $0 $0 $0 $14,686
AG1-410 $23,042 $0 $0 $0 $23,042
AG1-411 $0 $0 $0 $0 $0
AG1-433 $0 $0 $0 $0 $0
AG1-436 $81,384 $570,859 $0 $0 $652,243
AG1-447 $40,692 $251,178 $0 $0 $291,870
AG1-460 $37,996 $34,570 $0 $0 $72,566
AG1-462 $219,083 $579,305 $0 $0 $798,388
AG1-471 $5,660 $0 $0 $0 $5,660
AG1-526 $0 $0 $0 $0 $0
AG1-553 $225,412 $590,664 $0 $0 $816,076
Total ($) $9,000,000 $18,204,531 $0 $0 $27,204,531
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1.4 Per Project Summary

This section provides estimated cost of MISO AFSIS Network Upgrades on a per project
basis for the PJM projects in TC1 Cluster.

The following projects in PJM TC1 Cluster do not have MISO AFSIS Network Upgrade cost
allocated to the projects:

o AE2-308, AF1-233, AF2-111, AF2-177, AF2-307, AF2-407, AG1-297, AG1-411,
AG1-433, AG1-526.

MISO AFSIS Network Upgrade costs are allocated to the below projects. No injection is
allowed for the projects until all the allocated Network Upgrade(s) are in service, except for a
revised report provided by MISO removing the requirements, or an interim limit provided for
the projects through MISO Annual ERIS or Quarterly Operating Limit studies.

141 AE1-114 Summary

Network Upgrade Owner Cost AE1-114 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 | $5,222 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $42,527 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 | $14,098 | NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $8,357 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $6,329 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $5,660 MISO Voltage
Total Cost Per Project $82,193

1.4.2 AE1-172 Summary

Network Upgrade Owner Cost AE1-172 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 $9,327 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $76,004 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 | $25,180 | NIPSCOLPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $8,357 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $6,329 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $11,321 MISO Voltage
Total Cost Per Project $136,517
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1.4.3 AE2-173 Summary

Network Upgrade Owner Cost AE2-173 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 $8,686 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $69,900 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 | $23,451 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $16,713 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $18,987 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $16,981 MISO Voltage
Total Cost Per Project $154,719
1.4.4 AE2-223 Summary
Network Upgrade Owner Cost AE2-223 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 $4,065 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $32,713 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 $10,975 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $8,357 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $6,329 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $11,321 MISO Voltage
Total Cost Per Project $73,760
1.4.5 AE2-261 Summary
Network Upgrade Owner Cost AE2-261 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 $25,339 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $250,802 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 | $68,408 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $125,348 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $139,241 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $124,528 MISO Voltage
Total Cost Per Project $733,666
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1.4.6 AE2-321 Summary

Network Upgrade Owner Cost AE2-321 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 $24,435 | NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $199,216 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 $65,968 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $25,070 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $25,316 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $28,302 MISO Voltage
Total Cost Per Project $368,306
1.4.7 AE2-325 Summary
Network Upgrade Owner Cost AE2-325 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 | $19,243 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $158,114 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $51,951 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $8,357 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $6,329 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $5,660 MISO Voltage
Total Cost Per Project $249,655
1.4.8 AE2-341 Summary
Network Upgrade Owner Cost AE2-341 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 | $38,135 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $312,804 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $102,955 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $41,783 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $37,975 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $33,962 MISO Voltage
Total Cost Per Project $567,614

Siemens Industry, Inc. — Siemens Power Technologies International
R121-25 — MISO Affected System Study for PJM TC1 Cluster



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1c_MISO Affected System Study

Page 25 of 164

Executive Summary

1.4.9 AF1-030 Summary

Network Upgrade Owner Cost AF1-030 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 $25,424 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $208,536 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 $68,637 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $25,070 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $25,316 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $22,642 MISO Voltage
Total Cost Per Project $375,624
1.4.10 AF1-088 Summary
Network Upgrade Owner Cost AF1-088 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 $94,633 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO | $12,654,948 $780,553 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 $255,481 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $614,206 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $655,063 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $676,415 MISO Voltage
Total Cost Per Project $3,076,352
1.4.11 AF2-008 Summary
Network Upgrade Owner Cost AF2-008 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 $94,633 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO | $12,654,948 $780,553 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 $255,481 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $614,206 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $655,063 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $676,415 MISO Voltage
Total Cost Per Project $3,076,352
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1.4.12 AF1-161 Summary

Network Upgrade Owner Cost AF1-161 NUs Type

Whrich - Rochester TP 69 kV DEI $1,500,000 | $18,432 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $151,451 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 | $49,762 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 | $8,357 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $6,329 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $5,660 MISO Voltage
Total Cost Per Project $239,991
1.4.13 AF1-176 Summary
Network Upgrade Owner Cost AF1-176 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 | $115,254 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $947,149 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $311,154 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $50,139 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $44,304 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $28,302 MISO Voltage
Total Cost Per Project $1,496,302
1.4.14 AF1-204 Summary

Network Upgrade Owner Cost AF1-204 NUs Type
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $3,244 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $25,070 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $18,987 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $22,642 MISO Voltage
Total Cost Per Project $69,943
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1.4.15 AF1-280 Summary

Network Upgrade Owner Cost AF1-280 NUs Type
Whvrich - Rochester TP 69 kV DEI $1,500,000 $43,503 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO $12,654,948 | $354,162 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $117,445 | NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $58,496 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $56,962 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $50,943 MISO Voltage
Total Cost Per Project $681,511

1.4.16 AF1-296 Summary

Network Upgrade Owner Cost AF1-296 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 $5,847 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO $12,654,948 | $47,531 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 $15,784 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $8,357 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $6,329 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $11,321 MISO Voltage
Total Cost Per Project $95,168

1.4.17 AF2-041 Summary

Network Upgrade Owner Cost AF2-041 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 $68,644 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $562,697 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 | $185,319 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $83,565 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 | $88,608 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $73,585 MISO Voltage
Total Cost Per Project $1,062,419
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1.4.18 AF2-068 Summary

Network Upgrade Owner Cost AF2-068 NUs Type
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 | $8,357 MISO Voltage
Total Cost Per Project $8,357

1.4.19 AF2-069 Summary

Network Upgrade Owner Cost AF2-069 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 | $268 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $2,182 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $724 NIPSCO LPC
Total Cost Per Project $3,175

1.4.20 AF2-095 Summary

Network Upgrade Owner Cost AF2-095 NUs Type

Whrich - Rochester TP 69 kV DEI $1,500,000 $41,898 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO $12,654,948 | $343,909 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $113,113 | NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $33,426 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $31,646 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $33,962 MISO Voltage
Total Cost Per Project $597,955

1.4.21 AF2-126 Summary

Network Upgrade Owner Cost AF2-126 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 $169 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $1,398 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 $458 NIPSCO LPC
Total Cost Per Project $2,025
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1.4.22 AF2-142 Summary

Network Upgrade Owner Cost AF2-142 NUs Type
Wovrich - Rochester TP 69 kV DEI $1,500,000 $39,619 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $323,289 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $106,959 | NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $41,783 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $37,975 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 | $39,623 MISO Voltage
Total Cost Per Project $589,247
1.4.23 AF2-143 Summary
Network Upgrade Owner Cost AF2-143 NUs Type
Whvrich - Rochester TP 69 kV DEI $1,500,000 $37,924 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $309,309 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 $102,383 | NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $41,783 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $44,304 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $39,623 MISO Voltage
Total Cost Per Project $575,325
1.4.24 AF2-173 Summary
Network Upgrade Owner Cost AF2-173 NUs Type
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 | $8,357 MISO Voltage
Total Cost Per Project $8,357
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1.4.25 AF2-182 Summary

Network Upgrade Owner Cost AF2-182 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 | $65,254 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $531,242 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 | $176,168 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $83,565 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $88,608 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $73,585 MISO Voltage
Total Cost Per Project $1,018,422
1.4.26 AF2-199 Summary
Network Upgrade Owner Cost AF2-199 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 | $22,881 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $187,566 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $61,773 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $25,070 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $25,316 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $28,302 MISO Voltage
Total Cost Per Project $350,908
1.4.27 AF2-200 Summary
Network Upgrade Owner Cost AF2-200 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 | $45,763 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $375,132 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 | $123,546 | NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $58,496 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $56,962 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $50,943 MISO Voltage
Total Cost Per Project $710,842
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1.4.28 AF2-225 Summary

Network Upgrade Owner Cost AF2-225 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 $26,059 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $209,701 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 | $70,353 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $50,139 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $56,962 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 | $50,943 MISO Voltage
Total Cost Per Project $464,158

1.4.29 AF2-226 Summary

Network Upgrade Owner Cost AF2-226 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 $13,347 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO | $12,654,948 | $108,928 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO | $4,049,583 $36,034 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $16,713 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $12,658 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $16,981 MISO Voltage
Total Cost Per Project $204,662
1.4.30 AF2-319 Summary
Network Upgrade Owner Cost AF2-319 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 $13,347 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO $12,654,948 | $108,928 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $36,034 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $16,713 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $12,658 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $16,981 MISO Voltage
Total Cost Per Project $204,662
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1.4.31 AF2-335 Summary

Network Upgrade Owner Cost AF2-335 NUs Type
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 | $8,357 MISO Voltage
Total Cost Per Project $8,357
1.4.32 AF2-349 Summary
Network Upgrade Owner Cost AF2-349 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 | $71,610 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $583,668 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $193,327 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $83,565 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $88,608 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $73,585 MISO Voltage
Total Cost Per Project $1,094,362
1.4.33 AF2-350 Summary
Network Upgrade Owner Cost AF2-350 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 | $29,096 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $238,826 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $78,551 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $25,070 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $25,316 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $22,642 MISO Voltage
Total Cost Per Project $419,501
1.4.34 AF2-388 Summary
Network Upgrade Owner Cost AF2-388 NUs Type
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 | $8,357 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 | $11,321 MISO Voltage
Total Cost Per Project $19,677
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1.4.35 AF2-392 Summary

Network Upgrade Owner Cost AF2-392 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 $6,708 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $54,604 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $18,109 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $8,357 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $6,329 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $11,321 MISO Voltage
Total Cost Per Project $105,428
1.4.36 AF2-396 Summary
Network Upgrade Owner Cost AF2-396 NUs Type
Whvrich - Rochester TP 69 kV DEI $1,500,000 $74,859 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $615,123 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 $202,097 | NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $33,426 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $25,316 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $22,642 MISO Voltage
Total Cost Per Project $973,463
1.4.37 AF2-441 Summary
Network Upgrade Owner Cost AF2-441 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 $64,407 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $526,582 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $173,880 | NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $50,139 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $50,633 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $45,283 MISO Voltage
Total Cost Per Project $910,924
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1.4.38 AG1-118 Summary

Network Upgrade Owner Cost AG1-118 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 | $73,305 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $601,143 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $197,903 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $83,565 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $82,278 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $73,585 MISO Voltage
Total Cost Per Project $1,111,779
1.4.39 AG1-127 Summary
Network Upgrade Owner Cost AG1-127 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 | $23,103 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $188,346 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $62,373 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $25,070 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $25,316 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $22,642 MISO Voltage
Total Cost Per Project $346,850
1.4.40 AG1-226 Summary
Network Upgrade Owner Cost AG1-226 NUs Type
Wvrich - Rochester TP 69 kV DEI $1,500,000 | $27,966 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $555,707 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $75,500 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $183,844 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $177,215 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $203,774 MISO Voltage
Total Cost Per Project $1,224,007
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1.4.41 AG1-236 Summary

Network Upgrade Owner Cost AG1-236 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 $3,094 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $28,133 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 $8,352 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $16,713 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $12,658 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $16,981 MISO Voltage
Total Cost Per Project $85,931
1.4.42 AG1-320 Summary
Network Upgrade Owner Cost AG1-320 NUs Type
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $5,660 MISO Voltage
Total Cost Per Project $5,660
1.4.43 AG1-341 Summary
Network Upgrade Owner Cost AG1-341 NUs Type
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 | $16,981 MISO Voltage
Total Cost Per Project $16,981
1.4.44 AG1-354 Summary
Network Upgrade Owner Cost AG1-354 NUs Type
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 | $16,981 MISO Voltage
Total Cost Per Project $16,981
1.4.45 AG1-367 Summary
Network Upgrade Owner Cost AG1-367 NUs Type
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 | $16,713 MISO Voltage
Total Cost Per Project $16,713
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1.4.46 AG1-374 Summary
Network Upgrade Owner Cost AG1-374 NUs Type
Whvrich - Rochester TP 69 kV DEI $1,500,000 $47,881 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $387,947 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $129,266 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $108,635 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $113,924 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $107,547 MISO Voltage
Total Cost Per Project $895,200
1.4.47 AG1-375 Summary
Network Upgrade Owner Cost AG1-375 NUs Type
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 | $8,357 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 | $6,329 MISO Voltage
Total Cost Per Project $14,686
1.4.48 AG1-410 Summary
Network Upgrade Owner Cost AG1-410 NUs Type
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 | $16,713 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 | $6,329 MISO Voltage
Total Cost Per Project $23,042
1.4.49 AG1-436 Summary
Network Upgrade Owner Cost AG1-436 NUs Type
Whvrich - Rochester TP 69 kV DEI $1,500,000 $48,022 NIPSCO LPC
NIPSCO
Argos - Plymouth 69 kV NIPSCO $12,654,948 | $393,189 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 $129,647 | NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 | $33,426 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $25,316 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 | $22,642 MISO Voltage
Total Cost Per Project $652,243
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1.4.50 AG1-447 Summary

Network Upgrade Owner Cost AG1-447 NUs Type

Wvrich - Rochester TP 69 kV DEI $1,500,000 $21,130 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO $12,654,948 | $173,003 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $57,045 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $16,713 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $12,658 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $11,321 MISO Voltage
Total Cost Per Project $291,870

1.4.51 AG1-460 Summary

Network Upgrade Owner Cost AG1-460 NUs Type

Wvrich - Rochester TP 69 kV DEI $1,500,000 $2,542 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO $12,654,948 | $25,164 NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 $6,864 NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $8,357 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $12,658 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $16,981 MISO Voltage
Total Cost Per Project $72,566

1.4.52 AG1-462 Summary

Network Upgrade Owner Cost AG1-462 NUs Type

Wvrich - Rochester TP 69 kV DEI $1,500,000 $48,983 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO $12,654,948 | $398,082 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 $132,240 | NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 $75,209 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $75,949 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $67,925 MISO Voltage
Total Cost Per Project $798,388
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1.4.53 AG1-471 Summary

Network Upgrade Owner Cost AG1-471 NUs Type
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 | $5,660 MISO Voltage
Total Cost Per Project $5,660

1.4.54 AG1-553 Summary

Network Upgrade Owner Cost AG1-553 NUs Type
Whrich - Rochester TP 69 kV DEI $1,500,000 | $49,943 NIPSCO LPC
NIPSCO

Argos - Plymouth 69 kV NIPSCO $12,654,948 | $405,888 | NIPSCO LPC
Argos - Rochester TP 69 kV NIPSCO $4,049,583 | $134,833 | NIPSCO LPC
Install 144 MVAR cap bank at Gallagher substation DEI $3,000,000 | $75,209 MISO Voltage
Install 28.8 MVAR cap bank at Shoals substation DEI $3,000,000 $82,278 MISO Voltage
Install 28.8 MVAR cap bank at Avon East substation DEI $3,000,000 $67,925 MISO Voltage
Total Cost Per Project $816,076
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1.1 Model Development

Models used in this TC1 AFSIS study were developed from MISO DPP 2021 Central Phase
2 final study models, which are listed below:

e 2026 summer peak study model:
DPP21-Phase2-2026SUM-Dischrg-Final-12182024.sav
e 2026 summer shoulder discharging study model:

DPP21-Phase2-2026SSH-Dischrg-Final-12182024.sav

1.1.1 Benchmark Cases

The summer peak and summer shoulder benchmark cases for the TC1 Cluster AFSIS study
were created from corresponding summer peak and summer shoulder study models in DPP
2021 Central Phase 3 cycle as follows:

m  Removed recently retired MISO generation in MISO North. These recently retired
MISO generation are listed in Appendix A.1. Power mismatch was balanced by
scaling generation in the MISO North (Table A-13).

m  Removed recently withdrawn generation projects in MISO North and CIPCO. These
MISO North / CIPCO recently withdrawn projects are listed in Table A-2. Power
mismatch was balanced by scaling generation in the MISO North (Table A-13).

m  Removed recently withdrawn generation project MPC04300 in MPC (Table A-3).
Power mismatch was balanced by scaling generation in the MISO North (Table
A-13).

m  Added and dispatched AECI prior queued generation projects GIA-116 and GIA-117
(Table A-4). Power mismatch was balanced by scaling generation in the AECI.

m  Removed recently withdrawn generation projects LGE-GIS-2019-004 and LGE-GIS-
2019-008 in LG&E. Added and dispatched LG&E prior queued generation project
LGE-GIS-2021-007. These LG&E withdrawn and prior queued generation projects
are listed in Table A-5. Power mismatch was balanced by scaling generation in the
LG&E.

m  Removed PJM recently withdrawn generation projects. These PJM recently
withdrawn prior queued projects are listed in Table A-6.

m  Removed generation projects in PJM AE1 Cluster with simplified modeling. Added
and dispatched generation projects in PJM AE1 Cluster with detailed modeling.
These PJM projects in AE1 cluster are listed in Table A-7.
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m Removed generation projects in PJM AE2 Cluster with simplified modeling. Added
and dispatched generation projects in PJM AE2 Cluster with detailed modeling.
These PJM projects in AE2 cluster are listed in Table A-8.

m  Removed generation projects in PJM AF1 Cluster with simplified modeling. Added
and dispatched generation projects in PJM AF1 Cluster with detailed modeling.
These PJM projects in AF1 cluster are listed in Table A-9.

m  Removed generation projects in PJM AF2 Cluster with simplified modeling. Added
and dispatched generation projects in PJM AF2 Cluster with detailed modeling.
These PJM projects in AF2 cluster are listed in Table A-10.

m  Removed generation projects in PJIM AG1 Cluster with simplified modeling. Added
and dispatched generation projects in PJM AG1 Cluster with detailed modeling.
These PJM projects in AG1 cluster are listed in Table A-11.

m  Added the Study Projects in PJM TC1 Cluster with offline status. The Study Projects
are listed in Table ES-1.

m  The PJM generation output was sunk to the PJM market (Table A-12), where PJM
generation was scaled uniformly.

1.1.2 Study Cases

Summer peak (SPK) study case was created by dispatching the Study Projects in PJM TC1
Cluster at the specified summer peak level from the summer peak benchmark case.

Summer shoulder (SH) discharging study case was created by dispatching the Study
Projects in PJM TC1 Cluster at the specified summer shoulder discharging level from the
summer shoulder benchmark case.

Summer shoulder (SH) charging study case was created by dispatching the Study Projects in
PJM TC1 Cluster at the specified summer shoulder charging level from the summer shoulder
benchmark case.

AF1-088 is a 1000 MW merchant HYDC (MHVDC) project with both Injection Right (IR) and
Withdrawal Right (WR) of 1000 MW at its POI of Sullivan 345 kV in AEP. AF2-008 is also a
1000 MW MHVDC project with IR and WR of 1000 MW at the same POI of AF1-088. Both
AF1-088 and AF2-008 projects were modeled as one MHVDC project with 2000 MW
injection (IR) and 2000 MW withdrawal (WR) in the summer peak, summer shoulder
discharging, and summer shoulder charging scenarios.

The PJM market (Table A-12) was used for power balance, where PJM generation was
scaled uniformly.

Due to low voltages in areas around Marysville 765 kV, Sorenson 765 kV, and Kammer 765
kV, line reactors in several 765 kV lines were turned off in all the study cases. These 765 kV
lines are: Marysville — AG1-125 POI (242928 — 962760), Marysville — AF2-137 POI (242928
—958430), Marysville — MALIS (242928 — 242926), Sorenson — AF2-137 POI (246999 —
958430), Kammer — AB2-067 (242925 — 270162).

Additional fictitious SVCs in PJM system were also added in the study cases. These fictitious
SVCs are listed in Table 1-1.
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Table 1-1: Fictitious SVCs in PJM System Added in Study

Cases

Bus Names Area Area SPK SPK Study | SH Discharge | SH Discharge | SH Charge | SH Charge

Number Number | Name | Study IR WR Study IR Study WR Study IR Study WR
200009 JUNI 500 229 PL 500 M 100.0 None None None None
243210 05SULLIVAN 765 | 205 AEP 1700.0 1000.0 800.0 750.0 800.0 800.0
314907 8DOOMS 500 345 DVP 1250.0 800.0 None None None None
242925 05KAMMER 765 205 AEP 3000.0 2450.0 1500.0 1100.0 1200.0 800.0
242928 05MARYSYV 765 205 AEP 1950.0 1300.0 None None None None
242924 05HANG R 765 205 AEP 2700.0 1600.0 800.0 350.0 600.0 200.0

Note: Unit of fictitious SVC size is MVar

Both study and benchmark power flow cases were solved with transformer tap adjustment
enabled, area interchange disabled, phase shifter adjustment enabled and switched shunt
adjustment enabled.

1.2 Contingency Criteria

The following contingencies were considered in the steady-state analysis:

m  NERC Category PO (system intact - no contingencies)

m  NERC Category P1 contingencies
Single element outages, at buses with a nominal voltage of 60 kV and above.
o Multiple-element NERC Category P1 contingencies.

NERC Category P2, P4, P5, P7 contingencies.

(@]

o

The detailed list of contingency files is in Appendix A.10

For all contingency and post-disturbance analyses, cases were solved with transformer tap
adjustment enabled, area interchange adjustment disabled, phase shifter adjustment
disabled (fixed) and switched shunt adjustment enabled.

1.3 Monitored Elements
The MISO AFSIS study area is defined in Table 1-2. Facilities in the study area were

monitored for system intact and contingency conditions. Under NERC category PO conditions

(system intact), branches were monitored for loading above the normal (PSS®E rate A)

rating, and bus voltages were monitored based on normal voltage limits associated with each
bus in power flow case. Under NERC category P1-P7 conditions, branches were monitored

for loading as shown in the column labeled "Post-Disturbance Thermal Limits", and bus
voltages were monitored based on emergency voltage limits associated with each bus in

power flow case.
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Table 1-2: MISO AFSIS Monitored Elements

Thermal Limits *

Owner /
Area

Pre-Disturbance

Post-Disturbance

HE

100% of Rate A

100% of Rate B

DEI

100% of Rate A

100% of Rate B

SIGE

100% of Rate A

100% of Rate B

IPL

100% of Rate A

100% of Rate B

NIPS

100% of Rate A

100% of Rate B

METC

100% of Rate A

100% of Rate B

ITCT

100% of Rate A

100% of Rate B

WPSC

100% of Rate A

100% of Rate B

LBWL

100% of Rate A

100% of Rate B

BREC

100% of Rate A

100% of Rate B

HMPL

100% of Rate A

100% of Rate B

CWLD

100% of Rate A

100% of Rate B

AMMO

100% of Rate A

100% of Rate B

AMIL

100% of Rate A

100% of Rate B

CWLP

100% of Rate A

100% of Rate B

SIPC

100% of Rate A

100% of Rate B

GLH

100% of Rate A

100% of Rate B

Notes
1: PSS®E Rate A, Rate B

1.4 MISO Steady State Performance Criteria

A branch is considered as a thermal injection constraint if the branch is loaded above its

applicable normal or emergency rating for the post-change case, and any of the following

conditions are met:

1) the generator (NR/ER) has a larger than 20% DF on the overloaded facility under

post contingent condition or 5% DF under system intact condition, or
2) the megawatt impact due to the generator is greater than or equal to 20% of the
applicable rating (normal or emergency) of the overloaded facility, or

3) the overloaded facility or the overload-causing contingency is at generator’s outlet, or

4) for any other constrained facility, where none of the study generators meet one of the
above criteria in 1), 2), or 3), however, the cumulative megawatt impact of the group
of study generators (NR/ER) is greater than 20% of the applicable rating, then only

those study generators whose individual MW impact is greater than 5% of the
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applicable rating and has DF greater than 5% (OTDF or PTDF) will be responsible for
mitigating the cumulative MW impact constraint.

A bus is considered a voltage constraint if both of the following conditions are met. All voltage
constraints must be resolved before a project can receive interconnection service.

1) the bus voltage is outside of applicable normal or emergency limits for the post-
change case, and
2) the change in bus voltage is greater than 0.01 per unit.

All Study Projects must mitigate thermal injection constraints and voltage constraints in order
to obtain unconditional Interconnection Service.

Siemens Industry, Inc. — Siemens Power Technologies International
R121-25 - MISO Affected System Study for PJM TC1 Cluster



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1c_MISO Affected System Study

Page 44 of 164

Model Development and Study Criteria

This page intentionally left blank.

Siemens Industry, Inc. — Siemens Power Technologies International
R121-25 — MISO Affected System Study for PJM TC1 Cluster



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1c_MISO Affected System Study

Page 45 of 164

Stage-1 MISO Steady-State Thermal and Voltage Analysis

Stage-1 MISO Steady-State Thermal and
Voltage Analysis

Stage-1 MISO steady-state analysis was performed on the benchmark and study cases, and
the incremental impact of the Study Projects in PJM TC1 Cluster was evaluated by
comparing the steady-state performance of the transmission system in the benchmark and
study cases. Backbone and MISO LRTP Network Upgrades (NUs) were identified to mitigate
severe thermal and voltage constraints. The selected Backbone and MISO LRTP NUs are
called Base Case NUs.

Stage-1 steady-state analysis was performed in summer peak, summer shoulder
discharging, and summer shoulder charging scenarios. In each scenario, AF1-088 and AF2-
008 have two dispatch modes: 2000 MW Injection Right (IR) and 2000 MW Withdrawal Right
(WR) from the POI. PSS®E version 34.9.5 and TARA were used in the study.

2.1 Stage-1 MISO Analysis for 2026 Summer Peak Condition
Steady state AC contingency analysis was performed on the Stage-1 MISO AFSIS summer
peak (SPK) study and benchmark cases developed in Section 1.1.

21.1 Stage-1 Summer Peak with 2000 MW IR

The Stage-1 summer peak with 2000 MW Injection Right (IR) MISO thermal and voltage
detailed results are in Appendix B.1.1. There are several NERC Category P2-P7
contingencies causing voltage collapses (Table B-7).

The worst thermal and voltage constraints in summer peak IR condition are in Appendix
B.1.2.

2.1.2 Stage-1 Summer Peak with 2000 MW WR
The Stage-1 summer peak with 2000 MW Withdrawal Right (WR) MISO thermal and voltage

detailed results are in Appendix B.2.1. No voltage collapses were identified (Table B-16).

The worst thermal and voltage constraints in summer peak WR condition are in Appendix
B.2.2.
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2.2 Stage-1 MISO Analysis for 2026 Summer Shoulder
Discharging Condition

Steady state AC contingency analysis was performed on the Stage-1 MISO AFSIS summer

shoulder (SH) discharging study and benchmark cases developed in Section 1.1.

2.21 Stage-1 Summer Shoulder Discharging with 2000 MW IR

The Stage-1 summer shoulder discharging with 2000 MW Injection Right (IR) MISO thermal

and voltage detailed results are in Appendix B.3.1. No voltage collapses were identified.

The worst thermal constraints in summer shoulder discharging IR condition are in Appendix
B.3.2. No voltage constraints were identified in summer shoulder discharging IR condition.
2.2.2 Stage-1 Summer Shoulder Discharging with 2000 MW WR

The Stage-1 summer shoulder discharging with 2000 MW Withdrawal Right (WR) MISO
thermal and voltage detailed results are in Appendix B.4.1. No voltage collapses were
identified.

The worst thermal constraints in summer shoulder discharging WR condition are in Appendix
B.4.2. No voltage constraints were identified in summer shoulder discharging WR condition.

2.3 Stage-1 MISO Analysis for 2026 Summer Shoulder Charging
Condition

Steady state AC contingency analysis was performed on the Stage-1 MISO AFSIS summer
shoulder (SH) charging study and benchmark cases developed in Section 1.1.

2.3.1 Stage-1 Summer Shoulder Charging with 2000 MW IR

The Stage-1 summer shoulder charging with 2000 MW Injection Right (IR) MISO thermal and
voltage detailed results are in Appendix B.5.1. No voltage collapses were identified.

The worst thermal constraints in summer shoulder charging IR condition are in Appendix
B.5.2. No voltage constraints were identified in summer shoulder charging IR condition.

2.3.2 Stage-1 Summer Shoulder Charging with 2000 MW WR
The Stage-1 summer shoulder charging with 2000 MW Withdrawal Right (WR) MISO thermal

and voltage detailed results are in Appendix B.6.1. No voltage collapses were identified.

The worst thermal constraints in summer shoulder charging WR condition are in Appendix
B.6.2. No voltage constraints were identified in summer shoulder charging WR condition

2.4 Summary of Stage-1 MISO Steady State Analysis

Stage-1 steady state analyses were performed on the MISO 2026 summer peak discharging,
summer shoulder discharging, and summer shoulder charging scenarios. In each scenario,
AF1-088 and AF2-008 MHVDC has two dispatch modes: 2000 MW Injection Right (IR) and
2000 MW Withdrawal Right (WR) from its POI. Table 2-1 lists Stage-1 worst thermal
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constraints in the combined scenarios. Stage-1 worst voltage constraints in the combined
scenarios are in Appendix B.7.
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Table 2-1: Stage-1 Combined Thermal Constraints, Maximum Screened Loading

Generator

Constraint

Rating

Owner

Cont Scenario

Type

Worst
Loading

Contingency

(MVA) | (%)

AF1-088&AF2-008, AG1-236,
AF2-069, AF2-143, AE1-114,
AE1-172, AE2-173, AE2-223,
AE2-261, AF1-280, AF1-296,
AF2-041, AF2-182, AF2-199,
AF2-200, AF2-225, AF2-392,
AG1-374, AG1-460, AG1-
462, AG1-553,

J1180 POI - Sullivan 345 kV

1334.0

AMIL
AEP

1577.0 | 118.2 | CEll Redacted PO SUM WR

AF1-088&AF2-008, AF1-204

J1180 POI - Sullivan 345 kV

1466.0

AMIL
AEP

125.2 | CEIll Redacted P1 SUM WR, SH Discharge WR,

SH Charge WR

1835.9

AF1-088&AF2-008

J1180 POI - Sullivan 345 kV

1466.0

AMIL
AEP

125.2 | CEIll Redacted P2-P7 | SUM WR, SH Discharge WR,

SH Charge WR

1835.9

AF1-088&AF2-008, AG1-236,
AF2-069, AF2-143, AE1-114,
AE1-172, AE2-173, AE2-223,
AE2-261, AF1-280, AF1-296,
AF2-041, AF2-182, AF2-199,
AF2-200, AF2-225, AF2-392,
AG1-374, AG1-460, AG1-
462, AG1-553,

J1180 POI - Casey 345 kV

1334.0

AMIL

1347.6 | 101.0 | CEll Redacted PO SUM WR

24
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Generator Constraint Rating | Owner Worst Contingency Cont Scenario
Loading Type
(MVA) | (%)
AF1-088&AF2-008, AF1-204 J1180 POI - Casey 345 kV 1466.0 | AMIL 1603.6 | 109.4 | CEIll Redacted P1 SUM WR
AF1-088&AF2-008 J1180 POI - Casey 345 kV 1466.0 | AMIL 1603.6 | 109.4 | CEIll Redacted P2-P7 | SUMWR
AG1-410, AG1-411 J1586 POI - Argenta 345 kV 997.0 METC 11404 | 114.4 | CEIll Redacted P1 SUM IR
AG1-410, AG1-411 J1586 POI - Tompkins 345 kV 1126.0 | METC 1433.3 | 127.3 | CEIll Redacted P1 SUM IR
AG1-297 Hubble - Batesville 138 kV 291.0 HE 426.6 146.6 | CEIll Redacted P1 SUM WR, SUM IR
DEI
AG1-297 Hubble - Wilmington 138 kV 291.0 HE 388.0 133.3 | CEIl Redacted P1 SUM WR, SUM IR
DEI
AF1-204 Cayuga - Eugene 345 kV 1374.0 | DEI 1537.9 | 111.9 | CEIll Redacted P1 SH Discharge IR, SH Charge
AEP IR
AF1-204 Cayuga - Eugene 345 kV 1374.0 | DEI 1421.0 | 103.4 | CEIll Redacted P2-P7 | SH Discharge IR, SH Charge
AEP IR
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Generator Constraint Rating | Owner Worst Contingency Cont Scenario
Loading Type
(MVA) | (%)
AF1-204, AG1-226 Cayuga Sub - Cayuga 345 kV 1374.0 | DEI 1486.1 | 108.2 | CEll Redacted P1 SH Discharge IR, SH Charge
IR, SUM IR

AF1-204, AG1-226 Cayuga Sub - Cayuga 345 kV 1374.0 | DEI 1384.3 | 100.8 | CEIll Redacted P2-P7 | SH Charge IR, SUM IR
AF1-204, AG1-226 Cayuga - Nucor 345 kV 1279.0 | DEI 1523.3 | 119.1 | CEll Redacted PO SUM WR, SUM IR
AF1-088&AF2-008, AG1-226, | Cayuga - Nucor 345 kV 1279.0 | DEI 1816.4 | 142.0 | CEIll Redacted P1 SUM WR, SH Charge IR,
AF1-204, AE2-173, AE2-223, SUM IR
AE2-225, AE11-172, AG1-
374
AF1-088&AF2-008, AG1-226 | Cayuga - Nucor 345 kV 1279.0 | DEI 1881.0 | 147.1 | CEll Redacted P2-P7 | SUMIR
AF1-204, AG1-226 Nucor - Whitst 345 kV 1195.0 | DEI 1255.5 | 105.1 | CEIll Redacted PO SUM IR
AF1-088&AF2-008 Nucor - Whitst 345 kV 1195.0 | DEI 1533.2 | 128.3 | CEll Redacted P1 SUM IR
AF1-088&AF2-008, AG1-226 Nucor - Whitst 345 kV 1195.0 | DEI 1597.3 | 133.7 | CEIll Redacted P2-P7 | SUMIR
AG1-297 Greendale - Hidden Valley 138 480.0 DEI 493.3 102.8 | CEIll Redacted P1 SUM IR

kv
AG1-297 Hidden Valley - Wilmington J 138 | 501.0 DEI 502.7 100.3 | CEIll Redacted P1 SUM IR

kV

26
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Generator Constraint Rating | Owner Worst Contingency Cont Scenario
Loading Type
(MVA) | (%)
AG1-297 Wilmington J - Wilmington 138 kV | 291.0 DEI 380.2 130.7 | CEIll Redacted P1 SUM WR, SUM IR
AF1-088&AF2-008 Petersburg - Sullivan 345 kV 1409.0 | IPL 1745.4 | 123.9 | CEIll Redacted P1 SH Discharge IR, SH Charge
AEP IR, SUM IR
AG1-226 Reynold 765/345 kv xfmr 2239.0 | NIPSCO | 2324.2 | 103.8 | CEIll Redacted P1 SUM IR
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Generator Constraint Rating | Owner Worst Contingency Cont Scenario
Loading Type
(MVA) | (%)
AG1-226 Reynold 765/345 kv xfmr 2239.0 | NIPSCO | 2357.7 | 105.3 | CEll Redacted P2-P7 | SUMIR
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO | 60.0 127.7 | CEll Redacted PO SUM WR, SUM IR
AEP

2-8
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Generator Constraint Rating | Owner Worst Contingency Cont Scenario
Loading Type
(MVA) | (%)
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO | 85.3 181.4 | CEIll Redacted P1 SUM WR, SH Discharge IR,
AEP SUM IR
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO | 85.0 181.0 | CEIll Redacted P2-P7 | SUM WR, SH Discharge IR,
AEP SUM IR
AF1-176, AF2-396 Howe - North Lagrange 69 kV 47.0 NIPSCO | 57.1 121.4 | CEIll Redacted PO SUM WR, SUM IR
AF1-176, AF2-396 Howe - North Lagrange 69 kV 47.0 NIPSCO | 81.6 173.6 | CEIl Redacted P1 SUM WR, SH Discharge IR,
SUM IR
AF1-176, AF2-396 Howe - North Lagrange 69 kV 47.0 NIPSCO | 81.4 173.2 | CEIll Redacted P2-P7 | SUM WR, SH Discharge IR,
SUM IR
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV | 41.0 NIPSCO | 554 135.2 | CEIll Redacted PO SUM WR, SUM IR
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV | 41.0 NIPSCO | 79.6 194.1 | CEIll Redacted P1 SUM WR, SH Discharge WR,
SH Discharge IR, SUM IR
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV | 41.0 NIPSCO | 79.4 193.6 | CEIll Redacted P2-P7 | SUM WR, SH Discharge WR,
SH Discharge IR, SUM IR
AG1-410, AG1-411 Tompkins - Majestic 345 kV 1126.0 | METC 1261.3 | 112.0 | CEIll Redacted P1 SUM WR, SUM IR
ITCT
AE2-261 Moro - Laclede NTP 138 kV 305.0 AMIL 481.3 157.8 | CEIll Redacted P1 SUM IR
AE2-261 Moro - Laclede NTP 138 kV 305.0 AMIL 487.9 160.0 | CEIll Redacted P2-P7 | SUMIR
AE2-261 Wood River NE - Laclede NTP 364.0 AMIL 469.0 128.9 | CEIll Redacted P1 SUM IR
138 kV
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Generator Constraint Rating | Owner Worst Contingency Cont Scenario
Loading Type
(MVA) | (%)
AE2-261 Wood River NE - Laclede NTP 364.0 | AMIL 466.9 128.3 | CEll Redacted P2-P7 | SUMIR
138 kV

2-10
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Stage-1 NIPSCO LPC Analysis

3.1 NIPSCO LPC Criteria

For facilities owned by NIPSCO, NIPSCO Local Planning Criteria (LPC) analysis was also
performed based on NIPSCO LPC criteria, which are listed below:

Individual Contribution Test:
m  The contribution of the Distribution Factor of the Facility Connection, TSR, or
Generation Retirement with magnitude of 3% or greater contributing to an overload
on a NIPSCO facility. Or,

m  The Contribution of a Facility Connection, TSR, or Generation Retirement on a
NIPSCO facility is equal to or greater than 3% of the facility rating.

Cumulative Impact Test:
m  The Facility Connections, TSRs, and Generation Retirements having a cumulative
impact of at least 10% of the facility rating will be considered as impacting NIPSCO’s
transmission system.

3.2 Stage-1 NIPSCO LPC Contingency Analysis

Stage-1 NIPSCO LPC contingency analysis was performed in summer peak, summer
shoulder discharging, and summer shoulder charging scenarios to identify additional thermal
constraints on facilities owned by NIPSCO. In each scenario, AF1-088 and AF2-008 have
two dispatch modes: 2000 MW Injection Right (IR) and 2000 MW Withdrawal Right (WR)
from the POI. PSS®E version 34.9.5 and TARA were used in the study.

Based on the identified thermal constraints on NIPSCO facilities, additional Backbone and
MISO LRTP Network Upgrades (NUs) were identified to mitigate severe thermal constraints
on NIPSCO facilities.

3.2.1 Stage-1 NIPSCO LPC Summer Peak Results
NIPSCO LPC analysis was performed on the Stage-1 MISO AFSIS summer peak (SPK)
study and benchmark cases developed in Section 1.1.

3.21.1 Stage-1 NIPSCO LPC Summer Peak with 2000 MW IR

The Stage-1 summer peak with 2000 MW Injection Right (IR) NIPSCO LPC thermal results
are in Appendix C.1.
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Stage-1 NIPSCO LPC Analysis

The NIPSCO LPC worst thermal constraints in summer peak IR condition are in Table C-4.

3.21.2 Stage-1 NIPSCO LPC Summer Peak with 2000 MW WR
The Stage-1 summer peak with 2000 MW Withdrawal Right (WR) NIPSCO LPC thermal
results are in Appendix C.2.

The NIPSCO LPC worst thermal constraints in summer peak WR condition are in Table C-8.

3.2.2 Stage-1 NIPSCO LPC Summer Shoulder Discharging Results

NIPSCO LPC analysis was performed on the Stage-1 MISO AFSIS summer shoulder (SH)
discharging study and benchmark cases developed in Section 1.1.

3.2.21 Stage-1 NIPSCO LPC Summer Shoulder Discharging with 2000 MW IR
The Stage-1 summer shoulder discharging with 2000 MW Injection Right (IR) NIPSCO LPC
thermal results are in Appendix C.3.

The NIPSCO LPC worst thermal constraints in summer shoulder discharging IR condition are
in Table C-12.

3.2.2.2 Stage-1 NIPSCO LPC Summer Shoulder Discharging with 2000 MW WR
The Stage-1 summer shoulder discharging with 2000 MW Withdrawal Right (WR) NIPSCO
LPC thermal results are in Appendix C.4.

No NIPSCO LPC thermal constraints were identified in summer shoulder discharging WR
condition.

3.2.3 Stage-1 NIPSCO LPC Summer Shoulder Charging Results

NIPSCO LPC analysis was performed on the Stage-1 MISO AFSIS summer shoulder (SH)
charging study and benchmark cases developed in Section 1.1.

3.2.31 Stage-1 NIPSCO LPC Summer Shoulder Charging with 2000 MW IR

The Stage-1 summer shoulder charging with 2000 MW Injection Right (IR) NIPSCO LPC
thermal results are in Appendix C.5.

The NIPSCO LPC worst thermal constraints in summer shoulder charging IR condition are in
Table C-20.

3.23.2 Stage-1 NIPSCO LPC Summer Shoulder Charging with 2000 MW WR

The Stage-1 summer shoulder charging with 2000 MW Withdrawal Right (WR) NIPSCO LPC
thermal results are in Appendix C.6.

No NIPSCO LPC thermal constraints were identified in summer shoulder charging WR
condition.
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Stage-1 NIPSCO LPC Analysis
3.3 Summary of Stage-1 NIPSCO LPC Analysis

Stage-1 NIPSCO LPC contingency analysis was performed in summer peak, summer
shoulder discharging, and summer shoulder charging scenarios to identify additional thermal
constraints on facilities owned by NIPSCO. In each scenario, AF1-088 and AF2-008 MHVDC
has two dispatch modes: 2000 MW Injection Right (IR) and 2000 MW Withdrawal Right (WR)
from its POI.

Based on the Stage-1 NIPSCO LPC 2026 summer peak, summer shoulder discharging, and
summer shoulder charging analyses, Table 3-1 lists additional thermal constraints with
maximum screened loading in combined scenarios identified in NIPSCO LPC analysis.

Siemens Industry, Inc. — Siemens Power Technologies International
R121-25 — MISO Affected System Study for PJM TC1 Cluster

3-3



Stage-1 NIPSCO LPC Analysis

Case No. 2025-00177
Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1c_MISO Affected System Study

Page 58 of 164

Table 3-1: Combined Stage-1 NIPSCO LPC Thermal Constraints, Maximum Screened Loading

Generator

Constraint

Rating

Owner

Worst Loading

(MVA)

(%)

Contingency

Cont
Type

Scenario

AF1-088&AF2-008, Cum.Impact
NIPSCO

J2226 POI - Goodland 138 kV

287.0

NIPSCO

316.6

110.3

CEIll Redacted

P1

SUM IR

AF1-088&AF2-008, Cum.Impact
NIPSCO

J2226 POI - Goodland 138 kV

287.0

NIPSCO

3111

108.4

CEIll Redacted

P2-P7

SUM IR

AF1-088&AF2-008,, Cum.Impact
NIPSCO

Wvrich - Rochester TP 69 kV

44.0

DEI
NIPSCO

50.5

114.7

CEIll Redacted

P1

SUM WR, SUM
IR

AF2-142,AG1-236,AF2-069,AF2-
143,AE1-114,AE1-172,AE2-173,AE2-
223,AE2-261,AE2-321,AE2-341,AF1-
030,AF1-280,AF1-296,AF2-041,AF2-
095,AF2-182,AF2-199,AF2-200,AF2-
225,AF2-226,AF2-319,AF2-349,AF2-
350,AG1-127,AF2-392,AF2-
441,AG1-118,AG1-374,AG1-
460,AG1-462,AG1-553, Cum.Impact
NIPSCO

Stillwell - Dumont 345 kV

1075.0

NIPSCO
AEP

1159.4

107.9

CEIll Redacted

P1

SUM WR, SUM
IR
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Stage-1 NIPSCO LPC Analysis

Generator Constraint Rating | Owner Worst Loading Contingency Cont Scenario
Type
MvA) | (%) P
AF2-142,AG1-236,AF2-069,AF2- Stillwell - Dumont 345 kV 1075.0 | NIPSCO | 1285.2 | 119.6 | CEIll Redacted P2-P7 | SUM WR, SUM
143,AE1-114,AE1-172,AE2-173,AE2- IR
223,AE2-261,AE2-321,AE2-341,AF1-
030,AF1-280,AF1-296,AF2-041,AF2-
095,AF2-182,AF2-199,AF2-200,AF2-
225,AF2-226,AF2-319,AF2-349,AF2-
350,AG1-127,AF2-392,AF2-
441,AG1-118,AG1-374,AG1-
460,AG1-462,AG1-553, Cum.Impact
NIPSCO
AF1-088&AF2-008, Cum.Impact Goodland - Reynold 138 kV 186.0 NIPSCO | 301.2 161.9 | CEll Redacted PO SH Discharge IR,
NIPSCO SH Charge IR,
SUM IR
AF1-088&AF2-008, Cum.Impact Goodland - Reynold 138 kV 2220 NIPSCO | 370.0 166.7 | CEIl Redacted P1 SH Discharge IR,
NIPSCO SH Charge IR,
SUM IR
AF1-088&AF2-008, Cum.Impact Goodland - Reynold 138 kV 2220 NIPSCO | 335.6 151.2 | CEll Redacted P2-P7 | SH Discharge IR,
NIPSCO SH Charge IR,
SUM IR
Cum.Impact NIPSCO Goodland 138/69 kV xfmr 112.0 NIPSCO | 260.6 232.6 | CEIll Redacted P1 SUM IR
AF1-088&AF2-008, Cum.Impact Leesburg - northeast 138 kV 222.0 NIPSCO | 252.9 113.9 | CEll Redacted P1 SUM IR
NIPSCO
Cum.Impact NIPSCO Argos - Plymouth 69 kV 47.0 NIPSCO | 57.0 121.2 | CEll Redacted P1 SUM WR, SUM
IR
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Generator Constraint Rating | Owner Worst Loading Contingency Cont Scenario
Type
MvA) | (%) P
Argos - Rochester TP 69 kV 47.0 NIPSCO | 54.3 115.4 | CEIll Redacted P1 SUM WR, SUM

Cum.Impact NIPSCO

IR

3-6
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Base Case Network Upgrades

Based on the MISO thermal and voltage constraints and NIPSCO LPC thermal constraints
identified in the Stage-1 steady state analysis, following PJM Backbone Network Upgrades
(Table 4-1), PJM System Impact Study Network Upgrades (Table 4-2), and MISO LRTP
projects (Table 4-3) are justified and added to the Stage-1 study models to create Stage-2
study models. These added Network Upgrades are called Base Case Network Upgrades.

Table 4-1: PJM Backbone Network Upgrades

Project Name Description

ComEd_s3011 Replace 345 kV open air straight bus with GIS in a breaker and half
configuration (34 Circuit Breakers) at Goodings Grove with 80kA capability.

ComEd_b3811_Haumesser-W.Dekalb Rebuild 138 kV from Haumesser Rd to H-452 Tap

B3775 Green Acre - Olive + St John University Park-Olive-StJohn line Reconfiguration

AEP Jefferson-Clifty AEPSERG13 Add a second Jefferson 765/345kV XFMR connect to a parallel Jefferson -
Clifty 345kV line

Table 4-2: PJM System Impact Study Network Upgrades

Facility Area MISO TO Proposed Reinforcement by MISO TO
18MOROCCO (256583) [345 KV] to METC/ATSI METC Remove sag. Ratings will be 1861/2124. Cost:
02ALLEN (238530) [345 KV] ckt 1 $625,000. Restrictions at PJM Allen Junction needs to

be removed. PJM SIS identified upgrade. The cost
allocation of the upgrade will be determined by PJM in
their System Impact Study report.

05EUGENE (243221) [345 KV] to AEP/DEI DEI Currently working on new 4000A conductor with a rating
08CAYSUB (249504 ) [345 KV] ckt 1 of 2430 MV, the parallel line is not needed with the new
conductor is approved. The cost to rebuild with the new
conductor is $12M. PJM SIS identified upgrade. The
cost allocation of the upgrade will be determined by
PJM in their System Impact Study report.

19MON12 (264612) [345 KV] to ITCT/ATSI ITCT Reconductor ITCT section of Lallendorf-Monroe line.
02LALLENDOREF (241901) [345 KV] ckt 1 Post upgrade ratings will be 1677/2124. Cost:
$43,500,000. PJM SIS identified upgrade. The cost
allocation of the upgrade will be determined by PJM in
their System Impact Study report.
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Base Case Network Upgrades

Table 4-3: MISO LRTP Projects

Project Name Description

LRTP-16: Morrison Ditch — Reynolds — Burr Oak Install single circuit 345kV transmission line from the existing Morrison Ditch
— Leesburg — Hiple Substation, to the existing Reynolds Substation, to the existing Burr Oak
Substation, to the existing Leesburg Substation, to the existing Hiple Substation.

LRTP-33: Greentown - Sorenson - Lulu Install single circuit 765kV transmission line from the existing Greentown
Substation to the existing Sorenson Substation, to the existing Lulu Substation.

LRTP-35: Southwest Indiana-Kentucky Install double circuit 345kV transmission line from the existing Petersburg
Substation to the new Pike County Substation. Install single circuit 345kV
transmission line from the new Pike County Substation to the existing Duff
Substation, to the existing Culley Substation, to the existing Reid EHV Substation.

LRTP-36: Southeast Indiana Install single circuit 345kV transmission line from the new Madison County
Substation to the existing Greensboro Substation. Install single circuit 138kV
transmission line from the existing Decatur County Substation to the existing
Greensburg Substation. Install double circuit 138kV transmission line from the
existing Batesville Substation to the existing Hubbell Substation, to the existing
Greendale Substation, to the existing Miami Fort Substation.

LRTP-37: Maywood - Belleau - MRPD - Sioux - Install single circuit 345kV transmission line from the existing Maywood Substation

Bugle to the existing Belleau Substation, to the new MRPD Substation, to the existing
Sioux Substation, from the new MRPD Substation to the existing Bugle
Substation.

LRTP-42: Burr Oak - Schahfer Install single circuit 345kV transmission line from the existing Burr Oak Substation

to the existing Schahfer Substation.

The Stage-2 study models include the Base Case Network Upgrades. Due to low voltages in
areas around Jefferson 765 kV, Greentown 765 kV, and Sorenson 765 kV, line reactors in
several 765 kV lines were turned off in all the Stage-2 study cases. These 765 kV lines are:
Jefferson — Hanging Rock (243208 - 242924), Jefferson — Rockport (243208 - 243209),
Dumont — Greentown (243206 — 243207), Greentown — Reynolds (243207 — 255204),
Sorenson — Dumont (246999 — 243206).

Additional fictitious SVCs in PJM system were also added in the Stage-2 study cases. These
fictitious SVCs are listed in Table 4-4.
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Base Case Network Upgrades

Table 4-4: Fictitious SVCs in PJM System Added in Stage-2

Study Cases

Bus Names Area Area SPK SPK SH Discharge | SH Discharge | SH Charge SH Charge
Number Number | Name | Study IR | Study WR Study IR Study WR Study IR Study WR
200009 JUNI 500 229 PL 500 100 None None None None
243210 05SULLIVAN 765 205 AEP 700 500 400 400 400 400
314907 8DOOMS 500 345 DVP 1150 750 None None None None
242925 05KAMMER 765 205 AEP 3000 2350 1400 1000 1050 700
242928 05MARYSV 765 205 AEP 1000 700 None None None None
242924 05HANG R 765 205 AEP 1100 650 None None None None
246999 05SORENS 765 205 AEP 850 350 None None None None
290599 JEFFRSN_RG 765 | 205 AEP 950 350 None None None None

Note: Unit of fictitious SVC size is MVar

With all the above Base Case Network Upgrades and model changes, the Stage-2 study

models were developed. Stage-2 MISO steady-state analysis and NIPSCO LPC analysis will

be performed on the Stage-2 study models.
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Base Case Network Upgrades
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Stage-2 MISO Steady-State Thermal and
Voltage Analysis

Stage-2 MISO steady-state analysis was performed on the benchmark and Stage-2 study
cases with Base Case Network Upgrades added. Additional MISO affected system thermal
and voltage Network Upgrades were identified for Study Projects in PJM TC1 cluster.

Stage-2 MISO analysis was performed in summer peak, summer shoulder discharging, and
summer shoulder charging scenarios. In each scenario, AF1-088 and AF2-008 have two
dispatch modes: 2000 MW Injection Right (IR) and 2000 MW Withdrawal Right (WR) from
the POI. PSS®E version 34.9.5 and TARA were used in the study.

5.1 Stage-2 MISO Steady-State Analysis Results

5.1.1 Stage-2 MISO Results in Summer Peak with 2000 MW IR

The Stage-2 summer peak with 2000 MW Injection Right (IR) MISO thermal and voltage
detailed results are in Appendix D.1.

The worst thermal and voltage constraints in summer peak IR condition are listed in Table
5-1, Table 5-2.

5.1.2 Stage-2 MISO Results in Summer Peak with 2000 MW IR

The Stage-2 summer peak with 2000 MW Withdrawal Right (WR) MISO thermal and voltage
detailed results are in Appendix D.2.

The worst thermal constraints in summer peak WR condition are listed in Table 5-3. No
voltage constraints were identified.
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Table 5-1: Stage-2 SPK with 2000 MW IR Thermal Constraints, Maximum Screened Loading

Generator Constraint Rating | Owner Worst Loading Contingency Cont
(MvA) | (%) Type
AF1-088&AF2-008, AF1- Cayuga - Nucor 345 kV 1279.0 | DEI 1411.2 110.3 CEIll Redacted PO
204, AG1-226
AF1-088&AF2-008 Reynold 765/345 kv xfmr 2239.0 | NIPSCO | 24054 107.4 CEIll Redacted P1
AG1-226 Reynold 765/345 kv xfmr 2239.0 | NIPSCO | 2532.6 | 113.1 | CEll Redacted P2-P7
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO | 48.4 103.0 CEIll Redacted PO
AEP
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO | 73.4 156.2 CEIll Redacted P1
AEP
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO | 73.1 155.5 CEIll Redacted P2-P7
AEP
AF1-176, AF2-396 Howe - North Lagrange 69 kV 47.0 NIPSCO | 70.0 148.9 CEIll Redacted P1
AF1-176, AF2-396 Howe - North Lagrange 69 kV 47.0 NIPSCO | 69.8 148.5 CEIll Redacted P2-P7
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV 41.0 NIPSCO | 44.6 108.8 CEIll Redacted PO
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV 41.0 NIPSCO | 68.2 166.3 CEIll Redacted P1
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV 41.0 NIPSCO | 67.9 165.6 CEIll Redacted P2-P7
AE2-261 Moro - Laclede NTP 138 kV 305.0 AMIL 428.4 140.5 CEIll Redacted P2-P7

5-2
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Stage-2 MISO Steady-State Thermal and Voltage Analysis

Table 5-2: Stage-2 SPK with 2000 MW IR Worst Voltage Constraints

Bus Owner | Vlow | Vhi | Benchmark | StudyCase Delta Contingency Details Cont
>0.01 Type
VCONT vcont | yp
p.u.)
249617 08GALAGH 230.0 | 208 0.90 | 1.07 | 0.9038 0.8936 -0.0102 CEll Redacted P2-P7
DEI
249844 08SHOALS 138.0 | 208 0.90 | 1.05 | 0.9138 0.8986 -0.0152 CEll Redacted P2-P7
DEI
249892 08AVONEA 138.0 | 208 0.90 | 1.05 | 0.9240 0.8994 -0.0246 CEll Redacted P2-P7
DEI
253580 10NTVL16 161.0 | 210 0.95 | 1.05 | 0.9430 0.9278 -0.0152 CEll Redacted P1
SIGE
253580 10NTVL16 161.0 | 210 0.95 | 1.05 | 0.9333 0.9122 -0.0211 CEIll Redacted P2-P7
SIGE
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Table 5-3: Stage-2 SPK with 2000 MW WR Thermal Constraints, Maximum Screened Loading

Generator Constraint Rating Owner Worst Loading Contingency Cont
Type
(MVA) (%) P
AF1-204 Cayuga - Nucor 345 kV 1279.0 | DEI 1293.5 101.1 CEIl Redacted P1
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO 47.8 101.7 CEll Redacted PO
AEP
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO 73.2 155.7 CEIl Redacted P1
AEP
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO 73.0 155.3 CEIll Redacted P2-P7
AEP
AF1-176, AF2-396 Howe - North Lagrange 69 kV 47.0 NIPSCO 69.9 148.7 CEIl Redacted P1
AF1-176, AF2-396 Howe - North Lagrange 69 kV 47.0 NIPSCO 69.7 148.3 CEIll Redacted P2-P7
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV 41.0 NIPSCO 442 107.8 CEIll Redacted PO
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV 41.0 NIPSCO 68.1 166.1 CEIll Redacted P1
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV 41.0 NIPSCO 67.8 165.4 CEIll Redacted P2-P7

5-4
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Stage-2 MISO Steady-State Thermal and Voltage Analysis

5.1.3 Stage-2 MISO Results in Summer Shoulder Discharging with 2000 MW
IR

No MISO thermal constraints or voltage constraints were identified in Stage-2 summer
shoulder discharging with 2000 MW Injection Right (IR) scenario.

5.1.4 Stage-2 MISO Results in Summer Shoulder Discharging with 2000 MW
WR

No MISO thermal constraints or voltage constraints were identified in Stage-2 summer
shoulder discharging with 2000 MW Withdrawal Right (WR) scenario.

5.1.5 Stage-2 MISO Results in Summer Shoulder Charging with 2000 MW IR

No MISO thermal constraints or voltage constraints were identified in Stage-2 summer
shoulder charging with 2000 MW Injection Right (IR) scenario.

5.1.6 Stage-2 MISO Results in Summer Shoulder Charging with 2000 MW WR

No MISO thermal constraints or voltage constraints were identified in Stage-2 summer
shoulder charging with 2000 MW Withdrawal Right (WR) scenario.

5.2 Summary of Stage-2 MISO Steady State Analysis

Stage-2 MISO analysis was performed in summer peak, summer shoulder discharging, and
summer shoulder charging scenarios. In each scenario, AF1-088 and AF2-008 have two
dispatch modes: 2000 MW Injection Right (IR) and 2000 MW Withdrawal Right (WR) from
the POI.

Table 5-4 lists worst thermal constraints in the combined scenarios, and Table 5-5 lists worst
voltage constraints in the combined scenarios. Thermal Network Upgrades identified in the
combined scenarios are listed in Table 5-6, and voltage Network Upgrades identified in the
combined scenarios are listed in Table 5-7.
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5-6

Table 5-4: Stage-2 Combined Thermal Constraints, Maximum Screened Loading

Generator Constraint Rating Owner Worst Loading Cont Scenario
Type
MVA) | (%) YP
AF1-088&AF2-008, AF1-204, AG1-226 Cayuga - Nucor 345 kV 1279.0 DEI 1411.2 110.3 PO SUM IR
AF1-204 Cayuga - Nucor 345 kV 1279.0 DEI 1293.5 101.1 P1 SUM WR
AF1-088&AF2-008 Reynold 765/345 kv xfmr 2239.0 NIPSCO 2405.4 107.4 P1 SUM IR
AG1-226 Reynold 765/345 kv xfmr 2239.0 NIPSCO 2532.6 113.1 P2-P7 SUM IR
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO 48.4 103.0 PO SUM WR, SUM IR
AEP
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO 73.4 156.2 P1 SUM WR, SUM IR
AEP
AF1-176, AF2-396 Sturgi - Howe 69 kV 47.0 NIPSCO 73.1 155.5 P2-P7 SUM WR, SUM IR
AEP
AF1-176, AF2-396 Howe - North Lagrange 69 kV 47.0 NIPSCO 70.0 148.9 P1 SUMWR, SUM IR
AF1-176, AF2-396 Howe - North Lagrange 69 kV 47.0 NIPSCO 69.8 148.5 P2-P7 SUM WR, SUM IR
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV 41.0 NIPSCO 446 108.8 PO SUM WR, SUM IR
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV 41.0 NIPSCO 68.2 166.3 P1 SUMWR, SUM IR
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV 41.0 NIPSCO 67.9 165.6 P2-P7 SUM WR, SUM IR
AE2-261 Moro - Laclede NTP 138 kV 305.0 AMIL 4284 140.5 P2-P7 SUM IR
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Stage-2 MISO Steady-State Thermal and Voltage Analysis

Table 5-5: Stage-2 Combined Worst Voltage Constraints

Bus Owner Viow | Vhi | Benchmark | StudyCase Delta Cont Type | Scenario
(>0.01 p.u.)
VCONT VCONT
249617 08GALAGH 230.0 208 DEI 0.90 | 1.07 | 0.9038 0.8936 -0.0102 P2-P7 SUM IR
249844 08SHOALS 138.0 208 DEI 0.90 | 1.05 | 0.9138 0.8986 -0.0152 P2-P7 SUM IR
249892 08AVONEA 138.0 208 DEI 0.90 | 1.05 | 0.9240 0.8994 -0.0246 P2-P7 SUM IR
253580 10NTVL16 161.0 210 SIGE 0.95 | 1.05 | 0.9430 0.9278 -0.0152 P1 SUM IR
253580 10NTVL16 161.0 210 SIGE 0.95 | 1.05 | 0.9333 0.9122 -0.0211 P2-P7 SUM IR

Table 5-6: Thermal Constraints and Network Upgrades Identified in Stage-2 MISO Analysis

Generator Constraint Owner Scenario Mitigation Cost ($)
AF1-088&AF2-008, AF1-204, Cayuga - Nucor 345 kV DEI SUM WR, SUM IR MTEP Proj ID 50718: Rebuild with 954 ZTACSR @ 200C from $0
AG1-226 Cayuga Gen Yard to Nucor. Upgrade terminal equipment

accordingly.
AF1-088&AF2-008, AG1-226 Reynold 765/345 kV xfmr NIPSCO SUM IR 2nd 765/345kV Transformer. MISO MTEP LRTP Tranche 2 Project. $0
AF1-176, AF2-396 Sturgis - Howe 69 kV NIPSCO SUM WR, SUM IR Not valid. Howe—Sturgis 69KV line is retired $0
AEP
AF1-176, AF2-396 Howe - North Lagrange 69 kV NIPSCO SUM WR, SUM IR constraint is invalid after Howe-Sturgis 69kV retirement $0
AF1-176, AF2-396 North Lagrange - Lagrange 69 kV NIPSCO SUM WR, SUM IR constraint is invalid after Howe-Sturgis 69kV retirement $0
AE2-261 Moro - Laclede NTP 138 kV AMIL SUM IR MTEP project 50119, line rebuild. Assigned to DPP-2019 Central $0
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5-8

Table 5-7: Voltage Constraints and Network Upgrades Identified in Stage-2 MISO Analysis

Constraints Network Upgrades Owner Cost ($)
Low voltages in area of Gallagher 230 kV Install 144 MVAR cap bank at Gallagher substation. DEI $3,000,000
Low voltage in areas of Shoals 138 kV Install 28.8 MVAR cap bank at Shoals substation. DEI $3,000,000
Low voltages in area of Avon East 138 kV Install 28.8 MVAR cap bank at Avon East substation. DEI $3,000,000
Low voltages in area of Newtonville 161 kV Not valid. SIGE has updated voltage criteria for our 161kV that goes down to 0.90 pu. SIGE $0
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Stage-2 NIPSCO LPC Analysis

Stage-2 NIPSCO LPC contingency analysis was performed on the benchmark and Stage-2
study cases with Base Case Network Upgrades added. Additional NIPSCO LPC thermal
Network Upgrades were identified for Study Projects in PJM TC1 cluster.

Stage-2 NIPSCO LPC analysis was performed in summer peak, summer shoulder
discharging, and summer shoulder charging scenarios to identify additional thermal
constraints on facilities owned by NIPSCO. In each scenario, AF1-088 and AF2-008 have
two dispatch modes: 2000 MW Injection Right (IR) and 2000 MW Withdrawal Right (WR)
from the POI. PSS®E version 34.9.5 and TARA were used in the study.

6.1 Stage-2 NIPSCO LPC Analysis Results

6.1.1 Stage-2 NIPSCO LPC Summer Peak with 2000 MW IR

The Stage-2 summer peak with 2000 MW Injection Right (IR) NIPSCO LPC thermal results
are in Appendix E.1.

The NIPSCO LPC worst thermal constraints in summer peak IR condition are in Table 6-1.

6.1.2 Stage-2 NIPSCO LPC Summer Peak with 2000 MW WR

The Stage-2 summer peak with 2000 MW Withdrawal Right (WR) NIPSCO LPC thermal
results are in Appendix E.2.

The NIPSCO LPC worst thermal constraints in summer peak WR condition are in Table 6-2.
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Table 6-1: Stage-2 SPK with 2000 MW IR NIPSCO LPC Thermal Constraints, Maximum Screened Loading

Generator Constraint Rating | Owner Worst Loading Contingency Cont
MvA) | (%) Tyee
Cum.Impact NIPSCO | Wvrich - Rochester TP 69 kV 440 DEI 541 123.0 CEIll Redacted P1
NIPSCO
Cum.Impact NIPSCO | Argos - Plymouth 69 kV 47.0 NIPSCO | 60.4 128.5 CEIll Redacted P1
Cum.Impact NIPSCO | Argos - Rochester TP 69 kV 47.0 NIPSCO | 57.6 122.6 CEll Redacted P1

Table 6-2: Stage-2 SPK with 2000 MW WR NIPSCO LPC Thermal Constraints, Maximum Screened Loading

Generator Constraint Rating Owner Worst Loading Contingency Cont
MvA) | (%) Tee
AF1-088&AF2-008, Whrich - Rochester TP 69 kV 44.0 DEI 54.7 124.3 CEIll Redacted P1
Cum.Impact NIPSCO NIPSCO
Cum.Impact NIPSCO Argos - Plymouth 69 kV 47.0 NIPSCO 61.2 130.2 CEIll Redacted P1
Cum.Impact NIPSCO Argos - Rochester TP 69 kV 47.0 NIPSCO 58.4 124.3 CEIll Redacted P1

6-2
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Stage-2 NIPSCO LPC Analysis

6.1.3 Stage-2 NIPSCO LPC Summer Shoulder Discharging with 2000 MW IR

No NIPSCO LPC thermal constraints were identified in Stage-2 summer shoulder
discharging with 2000 MW Injection Right (IR) scenario.

6.1.4 Stage-2 NIPSCO LPC Summer Shoulder Discharging with 2000 MW WR

No NIPSCO LPC thermal constraints were identified in Stage-2 summer shoulder
discharging with 2000 MW Withdrawal Right (WR) scenario.

6.1.5 Stage-2 NIPSCO LPC Summer Shoulder Charging with 2000 MW IR

No NIPSCO LPC thermal constraints were identified in Stage-2 summer shoulder charging
with 2000 MW Injection Right (IR) scenario.

6.1.6 Stage-2 NIPSCO LPC Summer Shoulder Charging with 2000 MW WR

No NIPSCO LPC thermal constraints were identified in Stage-2 summer shoulder charging
with 2000 MW Withdrawal Right (WR) scenario.

6.2 Summary of Stage-2 NIPSCO LPC Analysis

Stage-2 NIPSCO LPC analysis was performed in summer peak, summer shoulder
discharging, and summer shoulder charging scenarios to identify additional thermal
constraints on facilities owned by NIPSCO. In each scenario, AF1-088 and AF2-008 have
two dispatch modes: 2000 MW Injection Right (IR) and 2000 MW Withdrawal Right (WR)
from the POI.

Table 6-3 lists worst NIPSCO LPC thermal constraints in the combined scenarios, Additional
NIPSCO LPC Thermal Network Upgrades identified in the combined scenarios are listed in
Table 6-4.
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Stage-2 NIPSCO LPC Analysis
Table 6-3: Stage-2 Combined NIPSCO LPC Thermal Constraints, Maximum Screened Loading

Generator Constraint Rating Owner Worst Loading Cont Scenario
mvay | o | P
AF1-088&AF2-008, Cum.Impact NIPSCO Whrich - Rochester TP 69 kV 440 DEI 54.7 124.3 P1 SUM WR, SUM IR
NIPSCO
Cum.Impact NIPSCO Argos - Plymouth 69 kV 47.0 NIPSCO | 61.2 130.2 P1 SUM WR, SUM IR
Cum.Impact NIPSCO Argos - Rochester TP 69 kV 47.0 NIPSCO 58.4 124.3 P1 SUM WR, SUM IR

Table 6-4: NIPSCO LPC Thermal Constraints and Network Upgrades Identified in Stage-2 MISO Analysis

Generator Constraint Owner Scenario Mitigation Cost ($)
AF1-088&AF2-008, Wvrich - Rochester TP 69 kV DEI SUM WR, DEI: Rebuild 1 mile of 69kV with 477ACSR/VR2 @ $1,500,000
Cum.Impact NIPSCO NIPSCO | SUM IR 100/120C the ratings assume that NIPSCO terminal

upgrades would not limit our T-Line rating. $1.5M
NIPSCO: Rebuild line, NIPSCO owns 0.037 miles of 0.9
mile line. NIPSCO portion included in Argos to Rochester
tap mitigation/cost.

Cum.Impact NIPSCO Argos - Plymouth 69 kV NIPSCO | SUM WR, Rebuild line, approx 10 miles $12,654,948
SUM IR

Cum.Ilmpact NIPSCO Argos - Rochester TP 69 kV NIPSCO | SUM WR, Rebuild line, approx 3.2 miles $4,049,583
SUM IR
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Section

7

Stability Analysis

Stability analysis was performed to evaluate transient stability and impact on the region of the
Study Projects in PJM TC1 Cluster.

7.1 Procedure

7.1.1 Computer Programs
Stability analysis was performed using TSAT revision 23.0.

7.1.2 Methodology

A stability package representing 2026 summer peak (SPK), summer shoulder (SH)
discharging, and summer shoulder charging scenarios with generating facilities in the PJM
TC1 Cluster were created from DPP 2021 Central Area Phase 2 final stability package. In
each scenario, AF1-088 and AF2-008 have two dispatch modes: 2000 MW Injection Right
(IR) and 2000 MW Withdrawal Right (WR) from the POI. Disturbances were simulated to
evaluate the transient stability and impact on the region of the Study Projects. MISO transient
stability criteria and local TOs’ planning criteria specified in MTEP21 were adopted for
checking stability violations.

7.2 Model Development

Summer peak, summer shoulder discharging, and summer shoulder charging stability power
flow models with either IR or WR are the same as the correspondent steady state models,
which were developed as specified in Section 1.1. As mentioned in Section 1.1.2, line
reactors in several 765 kV lines were turned off and several fictitious SVCs (Table 1-1) were
added in PJM system in study cases due to low voltages in PJM system.

Due to low voltages in other areas in PJM system and stringent voltage requirements in
stability study, additional line reactors in several 765 kV lines were turned off in all the stability
study cases. These 765 kV lines are: Jefferson — Hanging Rock (243208 - 242924), Jefferson
— Greentown (243208 - 243207), Jefferson — Rockport (243208 - 243209), Greentown —
Reynolds (243207 — 255204), and Dumont — Greentown (243206 — 243207).

7.3 Disturbance Criteria

The stability simulations performed as part of this study considered all the regional and local
contingencies listed in Table 7-1. Regional contingencies with pre-defined switching
sequences were selected from the MISO MTEP21 study; switching sequences for local
contingencies were developed based on the generic clearing times shown in Table 7-2. The
admittance for local single line-to-ground (SLG) faults were estimated by assuming that the
Thevenin impedance of the positive, negative and zero sequence networks at the fault point
are equal.
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Stability Analysis

Table 7-1: Regional and Local Disturbance Descriptions

CEIll Redacted

Table 7-2: Generic Clearing Time Assumption

Voltage Level (kV) | Primary Clearing Time (cycle) | Backup Clearing Time (cycle)
765 kV 4 11
345 kV 4 11
230 kV 5 13
161/138 kV 6 18
115 kV 6 20
69 kV 8 24

7.4 Performance Criteria

MISO transient stability criteria and local TOs’ planning criteria specified in MTEP21 were
adopted. All Study Generators in PJM TC1 Cluster must mitigate the stability constraints to
obtain any type of Interconnection Service.

7.5 Summer Peak IR Stability Results

The contingencies listed in Table 7-1 were simulated using the summer peak with 2000 MW
Injection Right (IR) stability model.

Appendix F.1.2 contains plots of generator rotor angles, generator power output, and bus
voltages for each simulation. Simulations were performed with a 0.5 seconds steady-state
run followed by the appropriate disturbance. Simulations were run for a 10-second duration.

Summer peak with 2000 MW IR stability study results summary is in Appendix F.1.1, Table
F-1.

Under all the simulated faults except the below ones, simulations are transiently stable,
transient period voltage criteria are met, oscillations are well damped. No stability constraints
were identified.

The following stability related issues were identified in the summer shoulder discharging IR
stability study.

7.5.1 Generation Tripping Due to Instability

Under one NERC Category P5 contingency (Table 7-3), Ghent unit 1 (324017) in LG&E was
tripped due to instability. The same instability tripping also occurred in benchmark case. No
MISO AFSIS NU is required.

Table 7-3: Generation Tripping Due to Instability in SPK IR
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Stability Analysis

CEIll Redacted

7.5.2 Active and Reactive Power Oscillations at Merom Units 1 & 2

Under one NERC P4-2 contingency of “0179_C_DEI _P42”, active and reactive power output
of Merom units 1 & 2 were oscillating after the fault was cleared. The power oscillations were
caused by one remaining outlet at Merom 345 kV with around 1180 MW flow from Merom
units 1 & 2, J2178, and J2270. Same power oscillations of Merom units 1 & 2 were also
identified in the benchmark. No MISO AFSIS NU is required.

Table 7-4:Active and Reactive Power Oscillations at Merom
Units 1 & 2in SPK IR

CEIll Redacted

7.5.3 Stability Network Upgrades Identified in Summer Peak IR Scenario

In summary, no MISO Affected System stability constraints were identified in the summer
peak IR scenario. No MISO AFSIS stability NUs are required in summer peak IR stability
study.

7.6  Summer Peak WR Stability Results

The contingencies listed in Table 7-1 were simulated using the summer peak with 2000 MW
Withdrawal Right (WR) stability model.

Appendix F.2.2 contains plots of generator rotor angles, generator power output, and bus
voltages for each simulation. Simulations were performed with a 0.5 seconds steady-state
run followed by the appropriate disturbance. Simulations were run for a 10-second duration.

Summer peak with 2000 MW WR stability study results summary is in Appendix F.2.1, Table
F-2.

Under all the simulated faults except the below ones, simulations are transiently stable,
transient period voltage criteria are met, oscillations are well damped. No stability constraints
were identified.

The following stability related issues were identified in the summer shoulder discharging IR
stability study.

7.6.1 Generation Tripping Due to Instability

Under one NERC Category P5 contingency (Table 7-5), Ghent unit 1 (324017) in LG&E was
tripped due to instability. The same instability tripping also occurred in benchmark case. No
MISO AFSIS NU is required.

Table 7-5: Generation Tripping Due to Instability in SPK WR
CEIll Redacted
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Stability Analysis

7.6.2 Active and Reactive Power Oscillations at Merom Units 1 & 2

Under one NERC P4-2 contingency of “0179_C_DEI_P42”, active and reactive power output
of Merom units 1 & 2 were oscillating after the fault was cleared. The power oscillations were
caused by one remaining outlet at Merom 345 kV with around 1180 MW flow from Merom
units 1 & 2, J2178, and J2270. Same power oscillations of Merom units 1 & 2 were also
identified in the benchmark. No MISO AFSIS NU is required.

Table 7-6:Active and Reactive Power Oscillations at Merom
Units 1 & 2in SPK WR

CEIll Redacted

7.6.3 Stability Network Upgrades ldentified in Summer Peak WR Scenario

In summary, no MISO Affected System stability constraints were identified in the summer
peak WR scenario. No MISO AFSIS stability NUs are required in summer peak WR stability
study.

7.7 Summer Shoulder Discharging IR Stability Results

The contingencies listed in Table 7-1 were simulated using the summer shoulder discharging
with 2000 MW Injection Right (IR) stability model.

Appendix F.3.2 contains plots of generator rotor angles, generator power output, and bus
voltages for each simulation. Simulations were performed with a 0.5 seconds steady-state
run followed by the appropriate disturbance. Simulations were run for a 10-second duration.

Summer shoulder discharging with 2000 MW Injection Right (IR) stability study results
summary is in Appendix F.3.1, Table F-3.

Under all the simulated faults except the below one listed in Table 7-7, simulations are
transiently stable, transient period voltage criteria are met, oscillations are well damped. No
stability constraints were identified.

The following stability related issues were identified in the summer shoulder discharging IR
stability study.
7.7.1 Generation Tripping Due to Instability

Under one NERC Category P5 contingency (Table 7-7), Ghent unit 1 (324017) in LG&E was
tripped due to instability. The same instability tripping also occurred in benchmark case. No
MISO AFSIS NU is required.

Table 7-7: Generation Tripping Due to Instability in SH
Discharge IR

CEIll Redacted
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Stability Analysis

7.7.2 Stability Network Upgrades Identified in Summer Shoulder Discharging
IR Scenario

In summary, no MISO Affected System stability constraints were identified in the summer
shoulder discharging IR scenario. No MISO AFSIS stability NUs are required in summer
shoulder discharging IR stability study.

7.8 Summer Shoulder Discharging WR Stability Results

The contingencies listed in Table 7-1 were simulated using the summer shoulder discharging
with 2000 MW Withdrawal Right (WR) stability model.

Appendix F.4.2 contains plots of generator rotor angles, generator power output, and bus
voltages for each simulation. Simulations were performed with a 0.5 seconds steady-state
run followed by the appropriate disturbance. Simulations were run for a 10-second duration.

Summer shoulder discharging with 2000 MW Withdrawal Right (WR) stability study results
summary is in Appendix F.4.1, Table F-4.

Under all the simulated faults except the below one listed in Table 7-8, simulations are
transiently stable, transient period voltage criteria are met, oscillations are well damped. No
stability constraints were identified.

The following stability related issues were identified in the summer shoulder discharging WR
stability study.

7.8.1 Generation Tripping Due to Instability

Under one NERC Category P5 contingency (Table 7-8), Ghent unit 1 (324017) in LG&E was
tripped due to instability. The same instability tripping also occurred in benchmark case. No
MISO AFSIS NU is required.

Table 7-8: Generation Tripping Due to Instability in SH
Discharge WR

CEIll Redacted

7.8.2 Stability Network Upgrades Identified in Summer Shoulder Discharging
WR Scenario

In summary, no MISO Affected System stability constraints were identified in the summer
shoulder discharging WR scenario. No MISO AFSIS stability NUs are required in summer
shoulder discharging WR stability study.

7.9 Summer Shoulder Charging IR Stability Results

The contingencies listed in Table 7-1 were simulated using the summer shoulder charging
with 2000 MW Injection Right (IR) stability model.
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Appendix F.5.2 contains plots of generator rotor angles, generator power output, and bus
voltages for each simulation. Simulations were performed with a 0.5 seconds steady-state
run followed by the appropriate disturbance. Simulations were run for a 10-second duration.

Summer shoulder charging with 2000 MW Injection Right (IR) stability study results summary
is in Appendix F.5.1, Table F-5.

Under all the simulated faults except the below one listed in Table 7-9, simulations are
transiently stable, transient period voltage criteria are met, oscillations are well damped. No
stability constraints were identified.

The following stability related issues were identified in the summer shoulder charging IR
stability study.

7.9.1 Generation Tripping Due to Instability

Under one NERC Category P5 contingency (Table 7-9), Ghent unit 1 (324017) in LG&E was
tripped due to instability. The same instability tripping also occurred in benchmark case. No
MISO AFSIS NU is required.

Table 7-9: Generation Tripping Due to Instability in SH Charge
IR

CEIll Redacted

7.9.2 Stability Network Upgrades Identified in Summer Shoulder Charging IR
Scenario

In summary, no MISO Affected System stability constraints were identified in the summer
shoulder charging IR scenario. No MISO AFSIS stability NUs are required in summer
shoulder charging IR stability study.

7.10 Summer Shoulder Charging WR Stability Results

The contingencies listed in Table 7-1 were simulated using the summer shoulder charging
with 2000 MW Withdrawal Right (WR) stability model.

Appendix F.6.2 contains plots of generator rotor angles, generator power output, and bus
voltages for each simulation. Simulations were performed with a 0.5 seconds steady-state
run followed by the appropriate disturbance. Simulations were run for a 10-second duration.

Summer shoulder charging with 2000 MW Withdrawal Right (WR) stability study results
summary is in Appendix F.6.1, Table F-6.

Under all the simulated faults except the below one listed in Table 7-10, simulations are
transiently stable, transient period voltage criteria are met, oscillations are well damped. No
stability constraints were identified.

The following stability related issues were identified in the summer shoulder charging WR
stability study.
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7.10.1 Generation Tripping Due to Instability

Under one NERC Category P5 contingency (Table 7-10), Ghent unit 1 (324017) in LG&E
was tripped due to instability. The same instability tripping also occurred in benchmark case.
No MISO AFSIS NU is required.

Table 7-10: Generation Tripping Due to Instability in SH Charge
WR

CEIll Redacted

7.10.2 Stability Network Upgrades Identified in Summer Shoulder Charging WR
Scenario

In summary, no MISO Affected System stability constraints were identified in the summer
shoulder charging WR scenario. No MISO AFSIS stability NUs are required in summer
shoulder charging WR stability study.

7.11 Summary of Transient Stability Analysis

Based on the MISO 2026 summer peak, summer shoulder discharging, and summer
shoulder charging scenarios with either IR or WR transient stability analyses, no transient
stability constraints were identified for the Study Projects in PJM TC1 Cluster; no MISO
AFSIS stability NUs are required for the PUM TC1 projects.
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Section

8

Short Circuit Screening Analysis

Short circuit screening analysis was conducted by comparing three phase fault currents in the
benchmark and study cases for the Study Projects in TC1 Cluster. Several AMIL buses listed
below were flagged for some PJM TC1 projects. These impacting Study Projects are listed in

Table 8-1.
1. 9.5% (SSH) & 10.1% (SUM) at AMIL 345 kV bus 41804 ‘J1180 POl

2. 2.3% (SSH) & 2.2% (SUM) at AMIL 345 kV bus 346809 ‘7CASEY’
3. 1.5% (SSH) & 1.3% (SUM) at AMIL 345 KV bus 72640 ‘J1263 POl

Table 8-1: Impacting Study Projects Screened in Short Circuit

Analysis
Impacting Study Projects
AF1-088
AF1-204
AF2-008
AG1-226
AG1-297

Ameren confirmed that the related breakers can handle the 5% fault current increase.

Therefore, mitigation or further study is not required.
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Short Circuit Screening Analysis
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Contingent Facilities

Table 9-1 describes transmission assumptions modeled in the studies that are deemed
necessary to mitigate the thermal and voltage violations identified in the study.

For the study projects that are required to mitigate thermal violations, the projects should not
be allowed to come into service before the required Network Upgrades are in service, unless
a MISO restudy removes the mitigation requirement from the project, or an interim limit was
provided to the project through MISO Annual ERIS process.
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Table 9-1: Identified Contingent Facilities and Conditional Projects

MTEP

MTEP
Cycle

Project Name

Description

Status

Expected
ISD

Conditional Projects

23418

MTEP21

LRTP-16: Morrison Ditch —
Reynolds — Burr Oak —
Leesburg — Hiple

Install single circuit 345kV transmission line from the
existing Morrison Ditch Substation, to the existing
Reynolds Substation, to the existing Burr Oak
Substation, to the existing Leesburg Substation, to
the existing Hiple Substation.

M2 - Appendix A
Approved

6/1/2029

AE1-114, AE1-172, AE2-173, AE2-223, AE2-261,
AE2-321, AE2-341, AF1-030, AF1-088, AF1-204,
AF1-280, AF1-296, AF2-008, AF2-041, AF2-069,
AF2-095, AF2-142, AF2-143, AF2-182, AF2-199,
AF2-200, AF2-225, AF2-226, AF2-319, AF2-349,
AF2-350, AF2-392, AF2-441, AG1-118, AG1-127,
AG1-226, AG1-236, AG1-297, AG1-374, AG1-410,
AG1-411, AG1-460, AG1-462, AG1-553

50566

MTEP24

LRTP-33: Greentown -
Sorenson - Lulu

Install single circuit 765kV transmission line from the
existing Greentown Substation to the existing
Sorenson Substation, to the existing Lulu Substation.

M2 - Appendix A
Approved

6/1/2033

AE1-114, AE1-172, AE2-173, AE2-223, AE2-261,
AE2-321, AE2-341, AF1-030, AF1-088, AF1-204,
AF1-280, AF1-296, AF2-008, AF2-041, AF2-069,
AF2-095, AF2-142, AF2-143, AF2-182, AF2-199,
AF2-200, AF2-225, AF2-226, AF2-319, AF2-349,
AF2-350, AF2-392, AF2-441, AG1-118, AG1-127,
AG1-226, AG1-236, AG1-297, AG1-374, AG1-410,
AG1-411, AG1-460, AG1-462, AG1-553

50568

MTEP24

LRTP-35: Southwest
Indiana-Kentucky

Install double circuit 345kV transmission line from the
existing Petersburg Substation to the new Pike
County Substation. Install single circuit 345kV
transmission line from the new Pike County
Substation to the existing Duff Substation, to the
existing Culley Substation, to the existing Reid EHV
Substation.

M2 - Appendix A
Approved

6/1/2032

AE1-114, AE1-172, AE2-173, AE2-223, AE2-261,
AF1-088, AF1-204, AF1-280, AF1-296, AF2-008,
AF2-041, AF2-069, AF2-143, AF2-182, AF2-199,
AF2-200, AF2-225, AF2-392, AG1-226, AG1-236,
AG1-297, AG1-374, AG1-410, AG1-411, AG1-460,
AG1-462, AG1-553

50569

MTEP24

LRTP-36: Southeast
Indiana

Install single circuit 345kV transmission line from the
new Madison County Substation to the existing
Greensboro Substation. Install single circuit 138kV
transmission line from the existing Decatur County
Substation to the existing Greensburg Substation.
Install double circuit 138kV transmission line from the
existing Batesville Substation to the existing Hubbell

M2 - Appendix A
Approved

6/1/2032

AE1-114, AE1-172, AE2-173, AE2-223, AE2-261,
AF1-088, AF1-204, AF1-280, AF1-296, AF2-008,
AF2-041, AF2-069, AF2-143, AF2-182, AF2-199,
AF2-200, AF2-225, AF2-392, AG1-226, AG1-236,
AG1-297, AG1-374, AG1-410, AG1-411, AG1-460,
AG1-462, AG1-553

9-2
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Contingent Facilities

MTEP MTEP Project Name Description Status Expected Conditional Projects
ID Cycle ISD

Substation, to the existing Greendale Substation, to
the existing Miami Fort Substation.

50570 | MTEP24 LRTP-37: Maywood - Install single circuit 345kV transmission line from the M2 - Appendix A | 6/1/2032 AE1-114, AE1-172, AE2-173, AE2-223, AE2-261,
Belleau - MRPD - Sioux - existing Maywood Substation to the existing Belleau Approved AF1-088, AF1-204, AF1-280, AF1-296, AF2-008,
Bugle Substation, to the new MRPD Substation, to the AF2-041, AF2-069, AF2-143, AF2-182, AF2-199,
existing Sioux Substation, from the new MRPD AF2-200, AF2-225, AF2-392, AG1-226, AG1-236,
Substation to the existing Bugle Substation. AG1-297, AG1-374, AG1-410, AG1-411, AG1-460,
AG1-462, AG1-553
50575 MTEP24 LRTP-42: Burr Oak - Install single circuit 345kV transmission line from the M2 - Appendix A | 6/1/2032 AE1-114, AE1-172, AE2-173, AE2-223, AE2-261,
Schahfer existing Burr Oak Substation to the existing Schahfer | Approved AE2-321, AE2-341, AF1-030, AF1-088, AF1-204,
Substation. AF1-280, AF1-296, AF2-008, AF2-041, AF2-069,

AF2-095, AF2-142, AF2-143, AF2-182, AF2-199,
AF2-200, AF2-225, AF2-226, AF2-319, AF2-349,
AF2-350, AF2-392, AF2-441, AG1-118, AG1-127,
AG1-226, AG1-236, AG1-297, AG1-374, AG1-410,
AG1-411, AG1-460, AG1-462, AG1-553

50718 | MTEP25 Rebuild Cayuga to Nucor Line rebuild (~32.3mi) to bundled 954ACSS M2 - Appendix A | 6/1/2029 AF1-088, AF2-008, AF1-204, AG1-226
345 kV line conductor or 4000A equivalent. Approved
50573 | MTEP24 LRTP-40: Sub T - Conditional Facility ID: 51192, Add 1-765/345kV M2 - Appendix A | 6/1/2034 AF1-088, AF2-008, AG1-226
Woodford County - Collins 2250MVA transformer which will be connected to the Approved
& Reynolds 765kV south bus. Add 1-765kV circuit breaker for the
new Transformer.
50119 MTEP25 Moro-Wood River-1436 DPP studies have identified the need for the Moro — M1-Proposed 6/30/2028 AE2-261
138 kV Line Rebuild Laclede N Tap rebuild project, currently assigned to

DPP-2019 Central

Siemens Industry, Inc. — Siemens Power Technologies International
R121-25 — MISO Affected System Study for PJM TC1 Cluster
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Network Upgrades and Cost Allocation

10.1 Cost Assumptions for Network Upgrades

The cost estimate for each network upgrade was provided by the corresponding transmission
owning company.

10.2 Cost Allocation Methodology

Costs of AFSIS Network Upgrades are allocated based on MISO Network Upgrade cost
allocation methodology, which is detailed in the MISO Generation Interconnection Business
Practices Manual BPM-015.

10.3 AFSIS Network Upgrades Required for the PJM TC1 Projects

MISO Affected System (AFS) Network Upgrades for PJM TC1 Cluster were identified based
on MISO criteria and NIPSCO LPC criteria. The MISO AFS steady state NUs include MISO
thermal NUs and voltage NUs identified in the MISO steady state analysis, and NIPSCO LPC
NUs identified in the NIPSCO LPC study.

Based on the MISO 2026 summer peak, summer shoulder discharging, and summer
shoulder charging scenarios with either IR or WR transient stability analyses, no transient
stability constraints were identified for the Study Projects in PJM TC1 Cluster; no MISO
AFSIS stability NUs are required for the PJM TC1 projects.

Short circuit screening analysis was conducted by comparing three phase fault currents in the
benchmark and study cases for the Study Projects in TC1 Cluster. Several AMIL buses were
flagged for some PJM TC1 projects. Additional short circuit studies may be required pending
Ameren’s review.

Contingent MTEP facilities and Network Upgrades were identified, as listed in Section 9.

The total costs of MISO AFS Network Upgrades for PJM TC1 Cluster are summarized in
Table 10-1.

Siemens Industry, Inc. — Siemens Power Technologies International
R121-25 — MISO Affected System Study for PJM TC1 Cluster
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Table 10-1: Summary of MISO AFS Network Upgrades

Category of Network Upgrades Cost ($)
Base Case Network Upgrades $0
Thermal Network Upgrades Identified in MISO Steady-State Analysis $0
Voltage Network Upgrades Identified in MISO Steady-State Analysis $9,000,000
Network Upgrades Identified in NIPSCO LPC Analysis $18,204,531
Network Upgrades Identified in Stability Analysis $0
Network Upgrades Identified in Short Circuit Analysis $0
Total $27,204,531

It should be noted that a restudy may be required if significant changes to the study
assumptions occur, including but not limited to, interconnection request withdrawals and/or
changes to higher-queued Network Upgrades included in the Base Case, and changes to the

Contingent Network Upgrade.

For the study projects that are required to mitigate thermal violations, the projects should not
be allowed to come into service before the required Network Upgrades are in service, unless
a MISO restudy removes the mitigation requirement from the project, or an interim limit is
provided to the project through MISO Annual ERIS process.

For projects that are required to mitigate voltage or stability violations, the projects should not
be allowed to come into service before the required Network Upgrades are in service, unless
a MISO restudy removes the mitigation requirement from the project, or an interim limit is
provided to the project through MISO Annual ERIS process.

Base Case Network Upgrades are listed in Table 10-2 to Table 10-4.

Table 10-2: PJM Backbone Network Upgrades

Project Name

Description

ComEd_s3011

Replace 345 kV open air straight bus with GIS in a breaker and half
configuration (34 Circuit Breakers) at Goodings Grove with 80kA capability.

ComEd_b3811_Haumesser-W.Dekalb

Rebuild 138 kV from Haumesser Rd to H-452 Tap

B3775 Green Acre - Olive + St John

University Park-Olive-StJohn line Reconfiguration

AEP Jefferson-Clifty AEPSERG13

Add a second Jefferson 765/345kV XFMR connect to a parallel Jefferson -
Clifty 345kV line

Siemens Industry, Inc. — Siemens Power Technologies International

10-2

R121-25 — MISO Affected System Study for PJM TC1 Cluster



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1c_MISO Affected System Study

Page 93 of 164

Network Upgrades and Cost Allocation

Table 10-3: PJM System Impact Study Network Upgrades

Facility

Area MISO TO Proposed Reinforcement by MISO TO

18MOROCCO (256583) [345 KV] to 02ALLEN
(238530) [345 KV] ckt 1

METC/ATSI METC Remove sag. Ratings will be 1861/2124. Cost:
$625,000. Restrictions at PJM Allen Junction
needs to be removed. PJM SIS identified
upgrade. The cost allocation of the upgrade will
be determined by PJM in their System Impact

Study report.

05EUGENE (243221) [345 KV] to 08CAYSUB
(249504) [345 KV] ckt 1

AEP/DEI DEI Currently working on new 4000A conductor with a
rating of 2430 MV, the parallel line is not needed
with the new conductor is approved. The cost to
rebuild with the new conductor is $12M. PJM SIS
identified upgrade. The cost allocation of the
upgrade will be determined by PJM in their

System Impact Study report.

19MON12 (264612) [345 KV] to
02LALLENDORF (241901) [345 KV] ckt 1

Reconductor ITCT section of Lallendorf-Monroe
line. Post upgrade ratings will be 1677/2124.
Cost: $43,500,000. PJM SIS identified upgrade.
The cost allocation of the upgrade will be
determined by PJM in their System Impact Study
report.

ITCT/ATSI ITCT

Table 10-4: MISO LRTP Projects

Project Name

Description

LRTP-16: Morrison Ditch — Reynolds — Burr Oak
— Leesburg — Hiple

Install single circuit 345kV transmission line from the existing Morrison Ditch
Substation, to the existing Reynolds Substation, to the existing Burr Oak
Substation, to the existing Leesburg Substation, to the existing Hiple Substation.

LRTP-33: Greentown - Sorenson - Lulu

Install single circuit 765kV transmission line from the existing Greentown
Substation to the existing Sorenson Substation, to the existing Lulu Substation.

LRTP-35: Southwest Indiana-Kentucky

Install double circuit 345kV transmission line from the existing Petersburg
Substation to the new Pike County Substation. Install single circuit 345kV
transmission line from the new Pike County Substation to the existing Duff
Substation, to the existing Culley Substation, to the existing Reid EHV Substation.

LRTP-36: Southeast Indiana

Install single circuit 345kV transmission line from the new Madison County
Substation to the existing Greensboro Substation. Install single circuit 138kV
transmission line from the existing Decatur County Substation to the existing
Greensburg Substation. Install double circuit 138kV transmission line from the
existing Batesville Substation to the existing Hubbell Substation, to the existing
Greendale Substation, to the existing Miami Fort Substation.

LRTP-37: Maywood - Belleau - MRPD - Sioux -
Bugle

Install single circuit 345kV transmission line from the existing Maywood Substation
to the existing Belleau Substation, to the new MRPD Substation, to the existing
Sioux Substation, from the new MRPD Substation to the existing Bugle
Substation.

Siemens Industry, Inc. — Siemens Power Technologies International
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Project Name

Description

LRTP-42: Burr Oak - Schahfer

to the existing Schahfer Substation.

Install single circuit 345kV transmission line from the existing Burr Oak Substation

MISO AFSIS Network Upgrades for PJM TC1 Cluster are listed below.

Table 10-5: MISO Steady-State Thermal NUs and Cost
Constraint Owner Mitigation Cost ($)
Cayuga - Nucor 345 kV DEI MTEP Proj ID 50718: Rebuild with 954 ZTACSR @ 200C from Cayuga $0
Gen Yard to Nucor. Upgrade terminal equipment accordingly.
Reynold 765/345 kV xfmr NIPSCO | 2nd 765/345kV Transformer. MISO MTEP LRTP-40 Project. $0
Sturgis - Howe 69 kV NIPSCO | Not valid. Howe—Sturgis 69kV line is retired $0
AEP
Howe - North Lagrange 69 kV NIPSCO | constraint is invalid after Howe-Sturgis 69kV retirement $0
North Lagrange - Lagrange 69 kV NIPSCO | constraint is invalid after Howe-Sturgis 69kV retirement $0
Moro - Laclede NTP 138 kV AMIL MTEP project 50119, line rebuild. Assigned to DPP-2019 Central $0
Table 10-6: MISO Steady-State Voltage NUs and Cost
Constraints Network Upgrades Owner Cost ($)
Low voltages in area of Gallagher 230 kV Install 144 MVAR cap bank at Gallagher substation. DEI $3,000,000
Low voltage in areas of Shoals 138 kV Install 28.8 MVAR cap bank at Shoals substation. DEI $3,000,000
Low voltages in area of Avon East 138 kV Install 28.8 MVAR cap bank at Avon East substation. DEI $3,000,000
Low voltages in area of Newtonville 161 kV | Not valid. SIGE has updated voltage criteria for our SIGE $0
161KV that goes down to 0.90 pu.
Table 10-7: NIPSCO LPC Thermal NUs and Cost
Constraint Owner Mitigation Cost ($)
Whrich - Rochester TP 69 kV DEI DEI: Rebuild 1 mile of 69kV with 477ACSR/VR2 @ 100/120C the $1,500,000
NIPSCO | ratings assume that NIPSCO terminal upgrades would not limit our T-
Line rating. $1.5M
NIPSCO: Rebuild line, NIPSCO owns 0.037 miles of 0.9 mile line.
NIPSCO portion included in Argos to Rochester tap mitigation/cost.
Argos - Plymouth 69 kV NIPSCO | Rebuild line, approx 10 miles $12,654,948
Argos - Rochester TP 69 kV NIPSCO | Rebuild line, approx 3.2 miles $4,049,583

10-4
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Table 10-8: MISO Transient Stability NUs and Cost

Network Upgrades Owner Cost ($)

No MISO AFS stability NUs $0

Table 10-9: MISO Short Circuit Network Upgrades

SC Screening Results Owner Cost ($)
9.5% (SSH) & 10.1% (SUM) at AMIL 345 kV bus 41804 ‘J1180 POI’ Ameren TBD
2.3% (SSH) & 2.2% (SUM) at AMIL 345 kV bus 346809 ‘7CASEY’ Ameren TBD
1.5% (SSH) & 1.3% (SUM) at AMIL 345 kV bus 72640 ‘J1263 POI’ Ameren TBD

10.4 Cost Allocation

The calculated Distribution Factor (DF) results, voltage impact, and MW contribution on each
MISO Affected System constraint are in Appendix G.1. The cost allocation for each NU is
calculated based on the contribution of each generating facility, as detailed in Appendix G.2.

Assuming all generation projects in the PJM TC1 Cluster advance, a summary of the costs
for total MISO AFSIS NUSs allocated to each generation project is listed in Table 10-10.

No injection is allowed for the projects until the allocated Network Upgrade(s) are in service,
except for a revised report provided by MISO removing the requirements, or an interim limit
provided for the projects through MISO Annual ERIS or Quarterly Operating Limit studies.

Table 10-10: Summary of AFSIS NU Costs Allocated to Each

Generation Project in PJM TC1 Cluster

PJM Project # MW Energy Total Cost of AFSIS NU per Project ($)
AE1-114 150 $82,193
AE1-172 255 $136,517
AE2-173 50 $154,719
AE2-223 150 $73,760
AE2-261 299 $733,666
AE2-308 100 $0
AE2-321 100 $368,306
AE2-325 52.2 $249,655
AE2-341 150 $567,614
AF1-030 100 $375,624
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10-6

PJM Project # MW Energy Total Cost of AFSIS NU per Project ($)
AF1-088 1000 $3,076,352
AF2-008 1000 $3,076,352
AF1-161 50 $239,991
AF1-176 300 $1,496,302
AF1-204 255 $69,943
AF1-233 188.5 $0
AF1-280 200 $681,511
AF1-296 190.89 $95,168
AF2-041 300 $1,062,419
AF2-068 150 $8,357
AF2-069 8.4 $3,175
AF2-095 144 $597,955
AF2-111 250 $0
AF2-126 12 $2,025
AF2-142 150 $589,247
AF2-143 150 $575,325
AF2-173 140 $8,357
AF2-177 200 $0
AF2-182 300 $1,018,422
AF2-199 100 $350,908
AF2-200 200 $710,842
AF2-225 150 $464,158
AF2-226 50 $204,662
AF2-307 64.2 $0
AF2-319 50 $204,662
AF2-335 100 $8,357
AF2-349 300 $1,094,362
AF2-350 100 $419,501
AF2-388 200 $19,677
AF2-392 199 $105,428
AF2-396 200 $973,463
AF2-407 300 $0
AF2-441 200 $910,924
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PJM Project # MW Energy Total Cost of AFSIS NU per Project ($)
AG1-118 300 $1,111,779
AG1-127 95.1 $346,850
AG1-226 450 $1,224,007
AG1-236 180 $85,931
AG1-297 300 $0
AG1-320 82 $5,660
AG1-341 106 $16,981
AG1-354 150 $16,981
AG1-367 100 $16,713
AG1-374 300 $895,200
AG1-375 100 $14,686
AG1-410 300 $23,042
AG1-411 100 $0
AG1-433 100 $0
AG1-436 125 $652,243
AG1-447 55 $291,870
AG1-460 30 $72,566
AG1-462 255 $798,388
AG1-471 54 $5,660
AG1-526 222 $0
AG1-553 260 $816,076
Total 12272.29 $27,204,531
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Appendix

Model Development for Steady-State and
Stability Analysis

A1 Removed Recently Retired MISO Generation
Table A-1: Removed Recently Retired MISO Generation
Unit(s) Description State Power Bus Name Bus Unit | Derate To Requested
Flow Area Number ID Mw Change of
Status
Genoa Unit 3 Wi DPC GENOA53G 681522 3 0 Retirement
Grand Tower Units 1-4 IL AMIL 1GRTW 1 347170 1 0 Retirement
Grand Tower Units 1-4 IL AMIL 1GRTW 2 347171 2 0 Retirement
Grand Tower Units 1-4 IL AMIL 1GRTW 3 347168 3 0 Retirement
Grand Tower Units 1-4 IL AMIL 1GRTW 4 347169 4 0 Retirement
Moulton and Champepadan
Wind MN GRE GRE-CHANWNDW | 615108 w 0 Retirement
Petersburg Unit 2 IN IPL PETERSBURG 2 254812 2 450 Retirement
Meramec CTG 2 MO AMMO 1MER 6 345172 6 0 Retirement
St. Clair Unit 2,3,6 and 7 MI ITCT 19SC2 264861 2 0 Retirement
St. Clair Unit 2,3,6 and 7 MI ITCT 19SC3 264860 3 0 Retirement
St. Clair Unit 2,3,6 and 7 Mi ITCT 19SC6 264858 6 0 Retirement
St. Clair Unit 2,3,6 and 7 Ml ITCT 19S8C7 264857 7 0 Retirement
Portage CT Mi UPPC PORTAGE CT 698763 1 0 Retirement
(ATC)
Elk River Station MN GRE GRE-ELK RIV869 615020 1 0 Retirement
Elk River Station MN GRE GRE-ELK RIV869 615020 2 0 Retirement
Elk River Station MN GRE GRE-ELK RIV869 615020 3 0 Retirement
Boswell Units 1 and 2 MN MP BOSWE71G 608776 1 0 Retirement
Boswell Units 1 and 2 MN MP BOSWE72G 608777 2 0 Retirement
Schahfer Unit 14 & 15 IN NIPS 17SCHAFER-14 255238 14 0 Retirement
Schahfer Unit 14 & 15 IN NIPS 17SCHAFER-15 255237 15 0 Retirement
River Rouge Unit 3 Mi ITCT 19RRG3 264867 3 0 Retirement
Siemens Industry, Inc. — Siemens Power Technologies International - At
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Unit(s) Description State Power Bus Name Bus Unit | Derate To Requested
Flow Area Number ID Mw Change of
Status

Dallman Units 31 & 32 IL CWLP 1DALMAN 31 343549 1 0 Retirement
Dallman Units 31 & 32 IL CWLP 1DALMAN 32 343550 2 0 Retirement
Petersburg Unit 1 IN IPL PETERSBURG 1 254811 1 0 Retirement
Bailly Unit 10 IN NIPS 17BAILLY-10 255246 10 0 Retirement
Hancock Unit 11-4 MI ITCT HANCK11BPKR 269321 4 0 Retirement
Community Wind North (G586) MN XEL G586 - CWN 1 600130 w 13.2 Retirement
Community Wind North (G586) MN XEL G586 - CWN 2 600131 w 13.2 Retirement
Jeffers Wind (G442) MN XEL G442 JEFFERW 600124 w 44 Retirement
Granite City Units 1,2,3,4 MN XEL GRNT CTY 1G 600126 1 0 Retirement
Granite City Units 1,2,3,4 MN XEL GRNT CTY 1G 600126 2 0 Retirement
Granite City Units 1,2,3,4 MN XEL GRNT CTY 2G 600127 3 0 Retirement
Granite City Units 1,2,3,4 MN XEL GRNT CTY 2G 600127 4 0 Retirement
St. Clair Unit 1 MI ITCT 19SC1 264862 1 0 Retirement
Bailly 7 & 8 IN NIPS 17BAILLY-7 255234 7 0 Retirement
Bailly 7 & 8 IN NIPS 17BAILLY-8 255235 8 0 Retirement
Stoneman 1 & 2 Wi DPC STONE 186860 1 0 Retirement

A-2
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A.2 Removed MISO /CIPCO Recently Withdrawn Generation Projects

Table A-2: Removed MISO North / CIPCO Recently Withdrawn
Generation Projects

Project # Bus Number Bus Name Id
J1191 41910 J1191 GEN 0.6000 1
J1231 42310 J1231 GEN 0.6450 1
J1516 45160 J1516 GEN 0.6300 1
J1860 48600 J1860 GEN 0.6900 1
J1862 48620 J1862 GEN 0.6900 1
J1980 49800 J1980 GEN 0.6300 1
J2056 50560 J2056 GEN1 0.6600 1
J2056 50561 J2056 GEN2 0.6600 1
J2117 51170 J2117 GEN 0.6300 ES
J2119 51190 J2119 GEN1 0.6000 1
J2279 52790 J2279 GEN1 0.6600 1
J2279 52791 J2279 GEN2 0.6600 1
J801 88011 J801 0.5500 PV
Jor4 89740 J974 GEN  0.6900 1
J974 89741 J974 GEN1 0.6900 1
IR37 800160 IR37 GEN  0.6300 1

A.3 Removed MPC Recently Withdrawn Generation Projects

Table A-3: Removed MPC Recently Withdrawn Generation

Projects
Projects Mw Generation Type | Town or County State Point of Interconnection Pmax
MPC04300 | 400 Wind Steele ND Center-Prairie 345 kV 400
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A4 Added AECI Prior Queued Generation Projects

Table A-4: Added AECI Prior Queued Generation Projects

Projects | Status Location Size Fuel Proposed I/C Location Notes Pmax
(MW) | Type
GIA-116 GIA New Madrid 26 CcC St Francis 161 kV uprating of existing units 275.5
County, MO
GIA-117 GIA New Madrid 46 CcC St Francis 161 kV uprating of existing units 275.5
County, MO

A.5 Updates of LG&E Prior Queued Generation Projects

Table A-5: LG&E Withdrawn and Prior Queued Generation

Projects
Project Status MW Fuel Type State | Area Point of Interconnection

LGE-GIS-2019-025 LGIA Signed | 98.42 | Solar KY LGE | Bardstown - Brown CT 138 kV
LGE-GIS-2021-007 suspension 120 Solar/Battery, battery doe does not KY LGE | Grahamville 161kV

charge from the grid
LGE-GIS-2019-004 terminated 200 Solar/Battery, battery does not KY LGE | Hardinsburg 138 kV

charge from the grid
LGE-GIS-2019-008 terminated 100 Solar KY LGE | North Princeton 161kV

A-4
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A6 Removed PJM Recently Withdrawn Prior Queued Generation

Projects
Table A-6: PJM Withdrawn Generation Projects

PrjID Bus Number Bus Name Id Status
AD1-043 934161 AD1-043 C 01138.00 1 Withdrawn
AD1-031 934054 AD1-031 GEN 0.5500 1 Withdrawn
AE2-218 942061 AE2-218 C 138.00 1 Withdrawn
AE1-070 938511 AE1-070 1 345.00 1 Withdrawn
AE1-070 938521 AE1-070 2 345.00 2 Withdrawn
AE1-246 940045 AE1-246  0.6000 1 Withdrawn
AE1-246 940046 AE1-246 BAT0.6000 1 Withdrawn
AE2-138 941411 AE2-138 C 345.00 1 Withdrawn
AE2-138 941412 AE2-138 BAT345.00 1 Withdrawn
AE2-275 942591 AE2-275 C 01138.00 1 Withdrawn
AE2-275 942592 AE2-275 BAT138.00 1 Withdrawn
AF1-116 944511 AF1-116 C 161.00 1 Withdrawn
AF1-200 945352 AF1-200 NFTW345.00 1 Withdrawn
AF1-221 945561 AF1-221 C 01138.00 1 Withdrawn
AF1-314 946501 AF1-314  138.00 1 Withdrawn
AF2-070 957761 AF2-070  138.00 1 Withdrawn
AF2-090 957961 AF2-090 C 138.00 1 Withdrawn
AF2-094 958001 AF2-094 C 138.00 1 Withdrawn
AF2-094 958002 AF2-094 BAT 138.00 1 Withdrawn
AF2-096 958021 AF2-096 C 345.00 1 Withdrawn
AF2-096 958022 AF2-096 BAT 345.00 1 Withdrawn
AF2-137 958431 AF2-137 C 765.00 1 Withdrawn
AF2-201 959101 AF2-201 WIND138.00 1 Withdrawn
AF2-201 959102 AF2-201SOLAR138.00 1 Withdrawn
AF2-204 959131 AF2-204 C 138.00 1 Withdrawn
AF2-204 959132 AF2-204 BAT138.00 1 Withdrawn
AF2-209 959181 AF2-209 C  138.00 1 Withdrawn
AF2-209 959182 AF2-209 BAT138.00 1 Withdrawn
AF2-260 959691 AF2-260 C  69.000 1 Withdrawn
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Prj ID Bus Number Bus Name Id Status
AF2-321 960301 AF2-321 C 138.00 1 Withdrawn
AF2-329 960381 AF2-329  138.00 1 Withdrawn
AF2-348 960571 AF2-348 C 345.00 1 Withdrawn
AF2-355 960641 AF2-355 C 01345.00 1 Withdrawn
AF2-363 960721 AF2-363 C 01138.00 1 Withdrawn
AF2-391 961001 AF2-391 C 0169.000 1 Withdrawn
AF2-391 961002 AF2-391 BAT 69.000 1 Withdrawn
AF2-393 961021 AF2-393 01138.00 1 Withdrawn
AF2-394 961031 AF2-394 01138.00 1 Withdrawn
AG1-003 961631 AG1-003 765.00 1 Withdrawn
AG1-004 961641 AG1-004 765.00 1 Withdrawn
AG1-005 961651 AG1-005 01138.00 1 Withdrawn
AG1-120 962711 AG1-120 01138.00 1 Withdrawn
AG1-218 963661 AG1-218 01345.00 1 Withdrawn
AG1-222 963701 AG1-222  138.00 1 Withdrawn
AG1-298 964361 AG1-298 01345.00 1 Withdrawn
AG1-319 964561 AG1-319  138.00 1 Withdrawn
AG1-401 965361 AG1-401 C 345.00 1 Withdrawn
AG1-403 965381 AG1-403 C 345.00 1 Withdrawn
AG1-434 965661 AG1-434 C 01345.00 1 Withdrawn
AG1-435 965671 AG1-435 C 01138.00 1 Withdrawn
AG1-522 966531 AG1-522 C 765.00 1 Withdrawn
AG1-523 966541 AG1-523 C 765.00 1 Withdrawn
AG1-524 966551 AG1-524 C 765.00 1 Withdrawn
AG1-525 966561 AG1-525 C 765.00 1 Withdrawn
AG1-562 966911 AG1-562 C 01345.00 1 Withdrawn

Siemens Industry, Inc. — Siemens Power Technologies International
R121-25 — MISO Affected System Study for PJM TC1 Cluster



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI

1-1c_MISO Affected System Study
Page 105 of 164

Model Development for Steady-State and Stability Analysis

A.7 PJM Prior Queued Generation Projects
Table A-7: PJM Generation Projects in AE1 Cluster

PJM State County TO Point of Interconnection Fuel Mw MFO
Project # Energy

AD2-100 IL Christian ComEd | Kincaid-Pana Solar 210 210

AD2-131 IL Christian ComEd | Kincaid-Pana Solar 50 50

AE1-143 KY Marion EKPC Marion County 161 kV Solar 96 96

AE1-170 Mi Cass AEP Kenzie Creek-Colby 138 kV Solar 150 150

Table A-8: PJM Generation Projects in AE2 Cluster
PJM State County TO Point of Interconnection Fuel Mw MFO

Project # Energy
AE1-113 IL Woodford ComEd Mole Creek 345 kV Wind 300 300
AE1-146 OH Hancock AEP Ebersole #2-Fostoria Central 138 kV Solar 120 120
AE1-163 IL Woodford ComEd Powerton-Goodings Grove 345 kV Wind 350 350
AE1-166 IL Kankakee ComEd Loretto-Wilton & Braidwood-Davis Solar 150 150

Creek

AE1-205 IL Livingston ComEd McLean 345 kV Solar 200 200
AE1-207 IN Grant AEP Mississinewa-Gaston 138 kV Solar 160 160
AE1-208 IN Delaware AEP Delaware-Van Buren 138 kV Solar 130 130
AE1-209 IN Randolph AEP Desoto 345 kV Wind 100 100
AE1-210 IN Randolph AEP Desoto 345 kV Wind 100 100
AE2-035 IL Stephenson | ComEd Lena 138 kV Solar 50 50
AE2-045 IN Lake AEP Olive-Reynolds 345 kV Solar 200 200
AE2-072 OH Putnam AEP East Leipsic-Richland 138 kV Solar 150 150
AE2-089 IN Jay AEP Pennville-Adams 138 kV Solar 155 155
AE2-152 IL Kankakee ComEd Wilton Center-Loretto Solar 150 150
AE2-176 OH Erie ATSI Groton 138 kV Solar Solar 125 125
AE2-194 OH Columbiana | ATSI Congress-Toronto 138 kV Solar 145 145
AE2-220 IN Randolph AEP Losantville - HEADWTR CS 345 kV Solar 125 125
AE2-221 OH Clinton Dayton Clinton-Stuart 345 kV Solar 300 300
AE2-236 IN Whitley AEP Columbia-Northeast 138 kV Solar 55 55
AE2-255 IL Woodford ComEd Molecreek 345 kV Wind 100 400
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PJM State County TO Point of Interconnection Fuel Mw MFO
Project # Energy
AE2-276 IN Sullivan AEP Sullivan 345kV Storage 50 50
AE2-281 IL Woodford ComEd Powerton-Goodings Grove Wind 50 400
AE2-282 OH Fulton ATSI East Fayette 138 kV Solar 67 67
AE2-299 PA Erie PENELEC | Erie East 230 kV Storage 160 160
AE2-323 IN Elkhart AEP Twin Branch-Guardian 138 kV Solar 100 100

Table A-9: PJM Generation Projects in AF1 Cluster

PJM State County TO Point of Interconnection Fuel Mw MFO
Project # Energy

AD2-047 IL Kankakee ComEd Davis Creek 138 kV Wind 200 200
AE2-169 IN Delaware AEP Delaware-Van Buren 138 kV Solar 33 163
AF1-051 OH Gallia AEP Gavin 765 kV Coal 11 1360
AF1-071 OH Preble AEP College Corner 138 kV Solar 18 98
AF1-084 Ml Van Buren AEP East Hartford-Murch 69 kV Solar 85 85
AF1-090 IL Christian ComEd Kincaid-Pana Wind 200 200
AF1-092 IN Huntington | AEP Huntington Jct. 138 kV Solar; Storage | 150 150
AF1-118 IN Wells AEP Sorenson-Desoto 345 kV Solar; Storage | 350 350
AF1-119 IN Blackford AEP Keystone-Desoto 345 kV Solar; Storage | 200 200
AF1-158 IN St. Joseph AEP Edison-Gravel Pit 138 kV Solar; Storage | 150 150
AF1-202 IN Blackford AEP Keystone-Desoto 345 kV Wind 200 200
AF1-206 OH Fulton ATSI East Fayette 138 kV Solar 199 199
AF1-207 IN White AEP Reynolds—Olive #1 345 kV Solar 180 180
AF1-215 IN Starke AEP Reynolds-Olive 345 kV Solar 300 300
AF1-223 IN Blackford AEP Keystone-Desoto 345 kV Solar 150 150
AF1-322 IN White AEP Meadow Lake 345 kV Solar 200 200
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Table A-10: PJM Generation Projects in AF2 Cluster

PJM State County TO Point of Interconnection Fuel Mw MFO
Project # Energy

AF2-014 OH Van Wert AEP Maddox Creek 345 kV Solar 150 150
AF2-027 IL Lake ComEd Zion Energy Center 345 kV Storage 50 635
AF2-031 IL Cook ComEd Calumet Storage 20 347
AF2-032 IL Christian ComEd Kincaid 345 kV Solar; Storage 20 1132
AF2-078 IN White AEP Reynolds-Olive #1 345 kV Solar; Storage 200 200
AF2-083 MI Cass AEP Kenzie Creek-Stone Lake 69 kV Solar 150 150
AF2-132 IN Pulaski AEP Reynolds-Olive #1 345 kV Solar 300 300
AF2-133 IN Pulaski AEP Reynolds-Olive #2 345 kV Solar 300 300
AF2-134 IN Starke AEP Reynolds-Olive #2 345 kV Solar 100 400
AF2-205 IN Pulaski AEP Olive-Reynolds #2 345 kV Solar 200 200
AF2-224 IN Allen AEP Allen 345 kV Solar 100 100
AF2-252 IL McLean ComEd Blue Mound 345 kV Storage 50 248
AF2-352 IL McLean ComEd Blue Mound 345 kV Storage 50 248
AF2-359 IN LaPorte AEP Olive-University Park 345 kV Solar 125 125
AF2-366 IL Adams ComEd Crego Rd 138 kV Solar 94.9 94.9
AF2-375 OH Hancock AEP Ebersole-Fostoria 138 kV Solar 129.6 129.6
AF2-389 Mi Cass AEP Pokagon-Corey 69 kV Solar 50 50
AF2-408 IN Madison AEP Fall Creek 138 kV Storage 80 80
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Table A-11: PJM Generation Projects in AG1 Cluster

PJM State County TO Point of Interconnection Fuel Mw MFO
Project # Energy

AG1-047 IN Jay AEP Jay 138 kV Solar 100 100
AG1-125 OH Madison AEP Marysville-Flatlick 765 kV Solar 400 400
AG1-126 OH Madison AEP Marysville-Flatlick 765 kV Solar 400 400
AG1-237 IN N/A AEP Dequine-Eugene 345 kV Wind 200 200
AG1-302 IN Pulaski AEP Olive-Reynolds #1 345 kV Solar 300 300
AG1-349 IN Pulaski AEP Olive-Reynolds #2 345 kV Solar 260 260
AG1-414 IN Grant AEP Mississinewa 138 kV Solar; Storage 75 75
AG1-500 OH Lorain ATSI Beaver 345 kV Natural Gas 406.4 784.6
AG1-555 IN Tippecance | AEP Dequine 345 kV Solar; Storage 120 120
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A8 PJM Market as PJM Projects Sink
Table A-12: PJM Market as PJM Projects Sink

Area# | Area Name Area # Area Name
201 AP 229 PPL

202 ATSI 230 PECO
205 AEP 231 PSE&G
206 OVEC 232 BGE

209 DAY 233 PEPCO
212 DEO&K 234 AE
215 DLCO 235 DP&L
222 CE 236 ual
225 PJM 237 RECO
226 PENELEC 320 EKPC
227 METED 345 DVP
228 JCP&L 720 PJM Prior
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A9 MISO North for Power Balance
Table A-13. MISO North for Power Balance

Area # | Area Name Area # Area Name
207 HE 600 Xcel

208 DEI 608 MP

210 SIGE 613 SMMPA
216 IPL 615 GRE

217 NIPS 620 OTP

218 METC 627 ALTW

219 ITC 633 MPW

295 WEC 635 MEC

296 MIUP 661 MDU

314 BREC 663 BEPC-MISO
315 HMPL 680 DPC

333 CWLD 694 ALTE

356 AMMO 696 WPS

357 AMIL 697 MGE

360 CWLP 698 UPPC

361 SIPC 701 Classic Prior
362 GLH
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A.10 Contingency Files used in Steady-State Analysis

Table A-14: List of Contingencies used in the Steady-State
Analysis

Contingency File Name

Description

Automatic single element contingencies

Single element outages at buses 60 kV and above in the
study region

MISO21_2026_SUM_TA_Central_P1.con

Specified category P1 contingencies in MISO Central Area

MISO21_2026_SUM_TA_Central_P1_P2_P4_P5 P7.con

Specified category P1, P2, P4, P5, P7 contingencies in
MISO Central

MISO21_2026_SUM_TA_ITC-METC_P1_P2_P4_P5 P7(2025-
03-18).con

Specified category P1, P2, P4, P5, P7 contingencies in
MISO Michigan

RTEP-2021_2026SUM_Sorted_Single_fixed.con

Specified single contingencies in PJM

RTEP-2021_2026SUM_Sorted_P2-1_fixed.con

Specified P2-1 contingencies in PJM

RTEP-2021_2026SUM_Sorted_Line_FB_fixed.con

Specified stuck breaker contingencies in PJM

RTEP-2021_2026SUM_Sorted_Bus_fixed.con

Specified bus contingencies in PJM

RTEP-2021_2026SUM_Sorted_Tower_fixed.con

Specified common tower contingencies in PJM

2017 P1 LG&E-KU.con

Specified category P1 contingencies in LG&E, KU

2017 P2 LG&E-KU.con

Specified category P2 contingencies in LG&E, KU

2017 P4 LG&E-KU.con

Specified category P4 contingencies in LG&E, KU

2017 P7 LG&E-KU.con

Specified category P7 contingencies in LG&E, KU

2021SUM_TA_TVA_s21_P1_MISO.con

Specified category P1 contingencies in TVA

s21_P2_MISO.con

Specified category P2 contingencies in TVA

s21_P4P5_MISO.con

Specified category P4, P5 contingencies in TVA

s21_P7_MISO.con

Specified category P7 contingencies in TVA

AECI-AMMO.con

Specified contingencies between AECI and Ameren

AECI_Neighboring_Impacts_2020.con

Specified contingencies in AECI

External_P1s.con

Specified category P1 contingencies in external system

External_P1-P7.con

Specified category P1-P7 contingencies in external system
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Appendix

B

Stage-1 MISO Steady State Thermal and
Voltage Analysis Results

B.1 Stage-1 Summer Peak (SPK) with 2000 MW IR MISO Results

B.1.1 Stage-1 MISO Detailed Constraints in Summer Peak IR
Table B-1. Stage-1 SPK with 2000 MW IR System Intact Thermal Constraints
Table B-2. Stage-1 SPK with 2000 MW IR System Intact Voltage Constraints
Table B-3. Stage-1 SPK with 2000 MW IR Category P1 Thermal Constraints
Table B-4. Stage-1 SPK with 2000 MW IR Category P1 Voltage Constraints
Table B-5. Stage-1 SPK with 2000 MW IR Category P2-P7 Thermal Constraints
Table B-6. Stage-1 SPK with 2000 MW IR Category P2-P7 Voltage Constraints

Table B-7. Stage-1 SPK with 2000 MW IR Contingencies Causing Voltage
Collapses

CEIll Redacted
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results
B.1.2 Stage-1 MISO Worst Thermal and Voltage Constraints in Summer Peak
IR

Table B-8. Stage-1 MISO Worst Thermal Constraints in SPK with 2000 MW IR
Table B-9. Stage-1 MISO Worst Voltage Constraints in SPK with 2000 MW IR

CEIll Redacted
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results

B.2 Stage-1 Summer Peak (SPK) with 2000 MW WR MISO Results

B.2.1 Stage-1 MISO Detailed Constraints in Summer Peak WR
Table B-10. Stage-1 SPK with 2000 MW WR System Intact Thermal Constraints
Table B-11. Stage-1 SPK with 2000 MW WR System Intact Voltage Constraints
Table B-12. Stage-1 SPK with 2000 MW WR Category P1 Thermal Constraints
Table B-13. Stage-1 SPK with 2000 MW WR Category P1 Voltage Constraints

Table B-14. Stage-1 SPK with 2000 MW WR Category P2-P7 Thermal
Constraints

Table B-15. Stage-1 SPK with 2000 MW WR Category P2-P7 Voltage Constraints

Table B-16. Stage-1 SPK with 2000 MW WR Contingencies Causing Voltage
Collapses

CEIll Redacted
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results
B.2.2 Stage-1 MISO Worst Thermal and Voltage Constraints in Summer Peak
WR

Table B-17. Stage-1 MISO Worst Thermal Constraints in SPK with 2000 MW WR
Table B-18. Stage-1 MISO Worst Voltage Constraints in SPK with 2000 MW WR

CEIll Redacted
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results

B.3 Stage-1 Summer Shoulder (SH) Discharging with 2000 MW IR

MISO Results

B.3.1 Stage-1 MISO Detailed Constraints in Summer Shoulder Discharging IR

Table B-19. Stage-1 SH Discharging with 2000 MW IR System Intact Thermal
Constraints

Table B-20. Stage-1 SH Discharging with 2000 MW IR System Intact Voltage
Constraints

Table B-21. Stage-1 SH Discharging with 2000 MW IR Category P1 Thermal
Constraints

Table B-22. Stage-1 SH Discharging with 2000 MW IR Category P1 Voltage
Constraints

Table B-23. Stage-1 SH Discharging with 2000 MW IR Category P2-P7 Thermal
Constraints

Table B-24. Stage-1 SH Discharging with 2000 MW IR Category P2-P7 Voltage
Constraints

CEIll Redacted
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results

B.3.2 Stage-1 MISO Worst Thermal and Voltage Constraints in Summer
Shoulder Discharging IR

Table B-25. Stage-1 MISO Worst Thermal Constraints in SH Discharging with
2000 MW IR

Table B-26. Stage-1 MISO Worst Voltage Constraints in SH Discharging with
2000 MW IR

CEIll Redacted
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results

B.4 Stage-1 Summer Shoulder (SH) Discharging with 2000 MW WR
MISO Results

B.4.1 Stage-1 MISO Detailed Constraints in Summer Shoulder Discharging
WR

Table B-27. Stage-1 SH Discharging with 2000 MW WR System Intact Thermal
Constraints

Table B-28. Stage-1 SH Discharging with 2000 MW WR System Intact Voltage
Constraints

Table B-29. Stage-1 SH Discharging with 2000 MW WR Category P1 Thermal
Constraints

Table B-30. Stage-1 SH Discharging with 2000 MW WR Category P1 Voltage
Constraints

Table B-31. Stage-1 SH Discharging with 2000 MW WR Category P2-P7 Thermal
Constraints

Table B-32. Stage-1 SH Discharging with 2000 MW WR Category P2-P7 Voltage
Constraints

CEIll Redacted
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results

B.4.2 Stage-1 MISO Worst Thermal and Voltage Constraints in Summer
Shoulder Discharging WR

Table B-33. Stage-1 MISO Worst Thermal Constraints in SH Discharging with
2000 MW WR

Table B-34. Stage-1 MISO Worst Voltage Constraints in SH Discharging with
2000 MW WR
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results

B.5 Stage-1 Summer Shoulder (SH) Charging with 2000 MW IR MISO

Results

B.5.1 Stage-1 MISO Detailed Constraints in Summer Shoulder Charging IR

Table B-35. Stage-1 SH Charging with 2000 MW IR System Intact Thermal
Constraints

Table B-36. Stage-1 SH Charging with 2000 MW IR System Intact Voltage
Constraints

Table B-37. Stage-1 SH Charging with 2000 MW IR Category P1 Thermal
Constraints

Table B-38. Stage-1 SH Charging with 2000 MW IR Category P1 Voltage
Constraints

Table B-39. Stage-1 SH Charging with 2000 MW IR Category P2-P7 Thermal
Constraints

Table B-40. Stage-1 SH Charging with 2000 MW IR Category P2-P7 Voltage
Constraints

CEIll Redacted
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results

B.5.2 Stage-1 MISO Worst Thermal and Voltage Constraints in Summer
Shoulder Charging IR

Table B-41. Stage-1 MISO Worst Thermal Constraints in SH Charging with 2000
MW IR

Table B-42. Stage-1 MISO Worst Voltage Constraints in SH Charging with 2000
MW IR

CEIll Redacted
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results

B.6 Stage-1 Summer Shoulder (SH) Charging with 2000 MW WR MISO
Results

B.6.1 Stage-1 MISO Detailed Constraints in Summer Shoulder Charging WR

Table B-43. Stage-1 SH Charging with 2000 MW WR System Intact Thermal
Constraints

Table B-44. Stage-1 SH Charging with 2000 MW WR System Intact Voltage
Constraints

Table B-45. Stage-1 SH Charging with 2000 MW WR Category P1 Thermal
Constraints

Table B-46. Stage-1 SH Charging with 2000 MW WR Category P1 Voltage
Constraints

Table B-47. Stage-1 SH Charging with 2000 MW WR Category P2-P7 Thermal
Constraints

Table B-48. Stage-1 SH Charging with 2000 MW WR Category P2-P7 Voltage
Constraints

CEIll Redacted
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results

B.6.2 Stage-1 MISO Worst Thermal and Voltage Constraints in Summer
Shoulder Charging WR

Table B-49. Stage-1 MISO Worst Thermal Constraints in SH Charging with 2000
MW WR

Table B-50. Stage-1 MISO Worst Voltage Constraints in SH Charging with 2000
MW WR
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results
B.7 Stage-1 Worst Voltage Constraints in the Combined Scenarios
Table B-51. Stage-1 Worst Voltage Constraints in the Combined Scenarios
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Stage-1 MISO Steady State Thermal and Voltage Analysis Results
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Appendix

C

Stage-1 NIPSCO LPC Thermal Results

C.1 Stage-1 Summer Peak (SPK) with 2000 MW IR NIPSCO LPC
Results

Table C-1. Stage-1 SPK with 2000 MW IR System Intact NIPSCO LPC Thermal Constraints

Table C-2. Stage-1 SPK with 2000 MW IR Category P1 NIPSCO LPC Thermal Constraints

Table C-3. Stage-1 SPK with 2000 MW IR Category P2-P7 NIPSCO LPC Thermal Constraints

Table C-4. Stage-1 SPK with 2000 MW IR NIPSCO LPC Worst Thermal Constraints
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Stage-1 NIPSCO LPC Thermal Results

This page intentionally left blank.

Siemens Industry, Inc. — Siemens Power Technologies International
R121-25 — MISO Affected System Study for PJM TC1 Cluster

C-2



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1c_MISO Affected System Study

Page 129 of 164

Stage-1 NIPSCO LPC Thermal Results
C.2 Stage-1 Summer Peak (SPK) with 2000 MW WR NIPSCO LPC
Results
Table C-5. Stage-1 SPK with 2000 MW WR System Intact NIPSCO LPC Thermal Constraints
Table C-6. Stage-1 SPK with 2000 MW WR Category P1 NIPSCO LPC Thermal Constraints
Table C-7. Stage-1 SPK with 2000 MW WR Category P2-P7 NIPSCO LPC Thermal Constraints
Table C-8. Stage-1 SPK with 2000 MW WR NIPSCO LPC Worst Thermal Constraints
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Stage-1 NIPSCO LPC Thermal Results

C.3 Stage-1 Summer Shoulder (SH) Discharging with 2000 MW IR
NIPSCO LPC Results

Table C-9. Stage-1 SH Discharging with 2000 MW IR System Intact NIPSCO LPC Thermal
Constraints

Table C-10. Stage-1 SH Discharging with 2000 MW IR Category P1 NIPSCO LPC Thermal
Constraints

Table C-11. Stage-1 SH Discharging with 2000 MW IR Category P2-P7 NIPSCO LPC Thermal
Constraints

Table C-12. Stage-1 SH Discharging with 2000 MW IR NIPSCO LPC Worst Thermal Constraints
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Stage-1 NIPSCO LPC Thermal Results

C.4 Stage-1 Summer Shoulder (SH) Discharging with 2000 MW WR
NIPSCO LPC Results

Table C-13. Stage-1 SH Discharging with 2000 MW WR System Intact NIPSCO LPC Thermal
Constraints

Table C-14. Stage-1 SH Discharging with 2000 MW WR Category P1 NIPSCO LPC Thermal
Constraints

Table C-15. Stage-1 SH Discharging with 2000 MW WR Category P2-P7 NIPSCO LPC Thermal
Constraints

Table C-16. Stage-1 SH Discharging with 2000 MW WR NIPSCO LPC Worst Thermal Constraints
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Stage-1 NIPSCO LPC Thermal Results

C.5 Stage-1 Summer Shoulder (SH) Charging with 2000 MW IR
NIPSCO LPC Results

Table C-17. Stage-1 SH Charging with 2000 MW IR System Intact NIPSCO LPC Thermal
Constraints

Table C-18. Stage-1 SH Charging with 2000 MW IR Category P1 NIPSCO LPC Thermal
Constraints

Table C-19. Stage-1 SH Charging with 2000 MW IR Category P2-P7 NIPSCO LPC Thermal
Constraints

Table C-20. Stage-1 SH Charging with 2000 MW IR NIPSCO LPC Worst Thermal Constraints
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Stage-1 NIPSCO LPC Thermal Results

C.6 Stage-1 Summer Shoulder (SH) Charging with 2000 MW WR
NIPSCO LPC Results

Table C-21. Stage-1 SH Charging with 2000 MW WR System Intact NIPSCO LPC Thermal
Constraints

Table C-22. Stage-1 SH Charging with 2000 MW WR Category P1 NIPSCO LPC Thermal
Constraints

Table C-23. Stage-1 SH Charging with 2000 MW WR Category P2-P7 NIPSCO LPC Thermal
Constraints

Table C-24. Stage-1 SH Charging with 2000 MW WR NIPSCO LPC Worst Thermal Constraints
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Appendix

D

Stage-2 MISO Steady State Thermal and
Voltage Analysis Results

D.1 Stage-2 MISO Constraints in Summer Peak IR

Table D-1. Stage-2 SPK with 2000 MW IR System Intact Thermal Constraints
Table D-2. Stage-2 SPK with 2000 MW IR System Intact Voltage Constraints
Table D-3. Stage-2 SPK with 2000 MW IR Category P1 Thermal Constraints
Table D-4. Stage-2 SPK with 2000 MW IR Category P1 Voltage Constraints
Table D-5. Stage-2 SPK with 2000 MW IR Category P2-P7 Thermal Constraints
Table D-6. Stage-2 SPK with 2000 MW IR Category P2-P7 Voltage Constraints
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Stage-2 MISO Steady State Thermal and Voltage Analysis Results

D.2 Stage-2 MISO Constraints in Summer Peak WR

Table D-7. Stage-2 SPK with 2000 MW WR System Intact Thermal Constraints
Table D-8. Stage-2 SPK with 2000 MW WR System Intact Voltage Constraints
Table D-9. Stage-2 SPK with 2000 MW WR Category P1 Thermal Constraints
Table D-10. Stage-2 SPK with 2000 MW WR Category P1 Voltage Constraints

Table D-11. Stage-2 SPK with 2000 MW WR Category P2-P7 Thermal
Constraints

Table D-12. Stage-2 SPK with 2000 MW WR Category P2-P7 Voltage Constraints
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Stage-2 MISO Steady State Thermal and Voltage Analysis Results
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Appendix

=

Stage-2 NIPSCO LPC Thermal Results

E.1 Stage-2 Summer Peak (SPK) with 2000 MW IR NIPSCO LPC
Results

Table E-1. Stage-2 SPK with 2000 MW IR System Intact NIPSCO LPC Thermal Constraints

Table E-2. Stage-2 SPK with 2000 MW IR Category P1 NIPSCO LPC Thermal Constraints

Table E-3. Stage-2 SPK with 2000 MW IR Category P2-P7 NIPSCO LPC Thermal Constraints
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Stage-2 NIPSCO LPC Thermal Results
E.2 Stage-2 Summer Peak (SPK) with 2000 MW WR NIPSCO LPC
Results
Table E-4. Stage-2 SPK with 2000 MW WR System Intact NIPSCO LPC Thermal Constraints
Table E-5. Stage-2 SPK with 2000 MW WR Category P1 NIPSCO LPC Thermal Constraints
Table E-6. Stage-2 SPK with 2000 MW WR Category P2-P7 NIPSCO LPC Thermal Constraints
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Appendix

F

Stability Analysis Results

F.1 Summer Peak IR Stability Results

Stability simulation was performed in the 2026 summer peak (SPK) with 2000 MW Injection
Right (IR) stability model.

F.1.1 SPK with 2000 MW IR Stability Summary
Summer peak with 2000 MW IR stability study results are summarized in Table F-1.

Table F-1: Summer Peak with 2000 MW IR Stability Analysis Results Summary
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Stability Analysis Results
F.1.2 SPK with 2000 MW IR Stability Plots

Plots of stability simulations for summer peak with 2000 MW IR study case are in separate
files which are listed below:

AppendixF1-2_SPK IR_PJM-TC1_Study_Plots.zip
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Stability Analysis Results

F.2 Summer Peak WR Stability Results

Stability simulation was performed in the 2026 summer peak (SPK) with 2000 MW
Withdrawal Right (WR) stability model.

F.2.1 SPK with 2000 MW WR Stability Summary
Summer peak with 2000 MW WR stability study results are summarized in Table F-2.

Table F-2: Summer Peak with 2000 MW WR Stability Analysis Results Summary
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Stability Analysis Results

F.2.2 SPK with 2000 MW WR Stability Plots

Plots of stability simulations for summer peak with 2000 MW WR study case are in separate
files which are listed below:

AppendixF2-2_ SPK WR_PJM-TC1_Study_Plots.zip
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Stability Analysis Results
F.3 Summer Shoulder Discharging IR Stability Results

Stability simulation was performed in the 2026 summer shoulder (SH) discharging with 2000
MW Injection Right (IR) stability model.

F.3.1 SH Discharging with 2000 MW IR Stability Summary
Summer shoulder discharging with 2000 MW IR stability study results are summarized in
Table F-3.

Table F-3: Summer Shoulder Discharging with 2000 MW IR Stability Analysis
Results Summary
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Stability Analysis Results

F.3.2 SH Discharging with 2000 MW IR Stability Plots

Plots of stability simulations for summer shoulder discharging with 2000 MW IR study case
are in separate files which are listed below:

AppendixF3-2_SH-Discharge IR_PJM-TC1_Study_Plots.zip
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Stability Analysis Results

F.4 Summer Shoulder Discharging WR Stability Results

Stability simulation was performed in the 2026 summer shoulder (SH) discharging with 2000
MW Withdrawal Right (WR) stability model.

F.4.1 SH Discharging with 2000 MW WR Stability Summary

Summer shoulder discharging with 2000 MW WR stability study results are summarized in
Table F-4.

Table F-4: Summer Shoulder Discharging with 2000 MW WR Stability Analysis
Results Summary
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Stability Analysis Results

F.4.2 SH Discharging with 2000 MW WR Stability Plots

Plots of stability simulations for summer shoulder discharging with 2000 MW WR study case
are in separate files which are listed below:

AppendixF4-2_SH-Discharge WR_PJM-TC1_Study_Plots.zip
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Stability Analysis Results

F.5 Summer Shoulder Charging IR Stability Results

Stability simulation was performed in the 2026 summer shoulder (SH) charging with 2000
MW Injection Right (IR) stability model.

F.5.1 SH Charging with 2000 MW IR Stability Summary

Summer shoulder charging with 2000 MW IR stability study results are summarized in Table
F-5.

Table F-5: Summer Shoulder Charging with 2000 MW IR Stability Analysis
Results Summary
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Stability Analysis Results

F.5.2 SH Charging with 2000 MW IR Stability Plots

Plots of stability simulations for summer shoulder charging with 2000 MW IR study case are
in separate files which are listed below:

AppendixF5-2_SH-Charge IR_PJM-TC1_Study_Plots.zip
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Stability Analysis Results

F.6 Summer Shoulder Charging WR Stability Results

Stability simulation was performed in the 2026 summer shoulder (SH) charging with 2000
MW Withdrawal Right (WR) stability model.

F.6.1 SH Charging with 2000 MW WR Stability Summary

Summer shoulder charging with 2000 MW WR stability study results are summarized in
Table F-6.

Table F-6: Summer Shoulder Charging with 2000 MW WR Stability Analysis
Results Summary
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Stability Analysis Results

F.6.2 SH Charging with 2000 MW WR Stability Plots

Plots of stability simulations for summer shoulder charging with 2000 MW WR study case are
in separate files which are listed below:

AppendixF6-2_SH-Charge WR_PJM-TC1_Study_Plots.zip
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Appendix

G

Cost Allocation Results

G.1 Distribution Factor (DF), Voltage Impact, and MW Contribution
Results for Cost Allocation

Table G-1: Distribution Factor and MW Contribution on Constraints for MISO
Affected System Thermal NU Cost Allocation

Table G-2: Voltage Impact on MISO Voltage NUs Cost Allocation
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Cost Allocation Results
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Cost Allocation Results

G.2 Cost Allocation Details
Table G-3: MISO Affected System Network Upgrades Cost Allocation

Siemens Industry, Inc. — Siemens Power Technologies International
R121-25 — MISO Affected System Study for PJM TC1 Cluster



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1c_MISO Affected System Study

Page 162 of 164

sssss

uuuuuuuuuu



Case No. 2025-00177

Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-1c_MISO Affected System Study

Page 163 of 164

Cost Allocation Results
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Case No. 2025-00177
Barrelhead Solar, LLC
Response to Siting Board’s Post-Hearing Request for Information

Siting Board Post-Hearing 1-2:

Provide signed green cards or proof of service for all adjacent landowners that received
notification that Barrelhead Solar intended to file an application to the Siting Board.
Response: Please see the Motion for Extension.

Witness: Legal






Case No. 2025-00177
Barrelhead Solar, LLC
Response to Siting Board’s Post-Hearing Request for Information

Siting Board Post-Hearing 1-4:

Provide the Virginia Tech Study and the Appraisal Study that was referenced by Richard
Kirkland during his testimony at the February 17, 2026 hearing.
Response: Please see the attached studies referenced during the February 17, 2026 hearing,
provided as Attachment PHDR 1-4.

Witness: Richard Kirkland
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Barrelhead Solar, LLC - Response to Siting Board Post-Hearing_RFI
1-4_Utility Scale Solar Projects Appraisal Study

Do Utility-Scale Solar Projects Affect Nearby Residential Real Estate Markets?

Page 2 of 18

lease structure are typical. Leases have two lease
rate structures based on whether the project is in
the development phase or the operational phase.
Development phases typically last three to five
years, while the operational phase lasts twenty to
thirty years. The lease rates for the operational
phase are both inflation-adjusted and allocated at
the start of each decade following the initiation of
the lease (i.e., Rate 1 for Years 1-10, Rate 2 for
Years 11-20, and Rate 3 for Years 21-30). Leases
also typically include options to extend the lease,
with a rate identified for each extension. In addi-
tion to standard lease rates, transmission and
access easements are included for the develop-
ment phase. One-time payments for these ease-
ments are based on land usage (i.e., the length of
road developed or underground cable installed).
The lease includes a waiver stating that the land-
lord waives their right to ingress and egress to, on,
and over that portion of their property.

The tenant typically has the superior rights
to use of the land. They have the right to trans-
fer, convey, sublease, or assign the lease or any
interest without the consent of the landlord.
The landlord also has the right to assign or trans-
fer their interest in the lease or the underlying
real property without the consent of the tenant.
Typically, the tenant has no water rights unless
otherwise agreed upon. If the landlord experi-
ences any increase in ad valorem property taxes
assessed for the property after the operation date
of the solar project, the tenant typically reim-
burses the landlord.

[t is not uncommon for several projects to exist
at a single site or for one project to extend over
multiple properties. In these instances, each proj-
ect has a separate lease with the landlord. The
leases may have the same terms but exist for each
individual project.

Texas state law requires the decommissioning
process to be bonded in a manner acceptable to
the landlord. Doing so eliminates the potential
for a landowner to be left with decommissioned

solar panels on their property. The decommis-
sioning process must also be referenced in the
lease. The language states that the tenant must
restore the surface of the solar panel assembly, as
is reasonably practicab