/’20

BEFORE  RECEIVED-Dardziig iy
THE OHIO POWER SITING BOARD |
SIS PH g i

PUCO

In the Matter of the Application of Duke
Energy Madison II, LLC for a Certificate of
Environmental Compatibility and Public
Need to Construct 640 MW Peaking Facility
in Butler County, Ohio.

Case No. 00-1566-EL-BGN

e N S S

RESPONSE OF DUKE ENERGY MADISON II, LLC
TO THE STAFF'S FIRST SET OF DATA REQUESTS

Pursuant to Ohic Administrative Code ("OAC") Rule 4906-7-07(D), Applicant,

Duke Energy Madison II, LLC ("Duke Energy Madison II"}, responds to the following

interrogatories and requests for production of documents propounded by the Staff of
the Ohio Power Siting Board as follows:

1. Provide any system impact studies that analyze the effects of adding the

proposed generating facility to the regional transmission grid for the year and

season in which the proposed facility is scheduled to begin commercial

operation. These studies should include the following:

(a) A detail discussion, analysis, graphs, charts, diagrams, summary and data
of load flow, stability and short circuit studies with and without the
proposed facility.

(b) Discuss testing criteria used for the studies and show any relation to
standard industry test criteria used for these studies.

(c) Provide transcription diagrams of load flow base-case and contingency-case

conditions studied along with an explanation of what the diagrams show.
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(d)

®

(8)
(h)

Identify transmission conditions that fail to meet the criteria along with
why they fail to meet the criteria.

Discussion of remedies to problems found and studies that specifically
identify all system additions, modifications or up-grades required by the
transmission system operator prior to the facility being interconnected.

Identify existing or future generating sources modeled in the study. Ata
minimum, the model should include all existing and planned generating
resources for the year and season in which the proposed facility is
scheduled to begin commercial operation.

Identify any future system up-grades include in the studies.

Identify the effects of power transfer from the proposed facility to areas
beyond the service area of the interconnecting company.

ANSWER:

The Cinergy System Impact Study for the Duke Energy Madison II facility is attached as

Exhibit A.

2. Provide a summary discussion of the typical hours, days, time of day and

months of the year when the generating facility is estimated to operate.

ANSWER:

Duke Energy Madison II anticipates that the facility will operate during peak electric

load demand periods. In Ohio and the Midwest, these periods typically occur during

the summer months of the year during weekday, daytime hours.

3. Provide or make available for staff review copies of correspondence, meeting

notes or joint study reports provided to and received from neighboring

interconnected transmission ownetfoperators concerning the project.




ANSWER:

The Cinergy System Impact Study was reviewed by American Electric Power and

Dayton Power & Light prior to issuance to Duke Energy Madison II.

4, Provide information on who will construct, own, operate and maintain the

interconnection transmission line, substation and associated facilities,
ANSWER:

Duke Energy Madison Il will construct, own, operate and maintain the transmission
facilities at the plant and the short transmission line between the plant and the Cirergy

Woodsdale substation.

5. Describe how generation dispatch will be carried out, its coordination with the

regional transmission system and who will be responsible for dispatch of the

facility.
ANSWER:

Duke Energy Madison II will be part of a generator-only control area. The generator-
only control area for the plant will coordinate generation dispatch and interchange

schedules with the Cinergy control area operator.




6.  Provide a list of agreements and/or contracts that the applicant will have to
sign with the interconnecting transmission owner before the facility can begin

commercial operation.

ANSWER:

Duke Energy Madison II will enter into a Facilities Construction Agreement and an
Interconnection Agreement with Cinergy prior to commercial operation. Duke Energy
Madison II will also enter into a Station Service Power Agreement for backfeed power,

as well as Test/Commissioning Power Purchase Agreement.

7. Provide a copy of (or details of) the interconnect agreement between the applicant

and the interconnecting transmission ownerfoperator.

ANSWER:

The interconnection agreement between Duke Energy Madison II and Cinergy has not
been completed as of the date of this filing. A copy of the interconnection agreement

can be provided once the agreement is completed.

8.  Provide a discussion of whom or where the applicant plans to sell power to;

and how the applicant plans to market its power from the proposed facility.




ANSWER:

Duke Energy Madison II will enter into an agreement with an affiliate, Duke Energy
Trading and Marketing, LL.C. ("DETM”), to market power from the proposed facility.
Power from the proposed facility is expected to be sold by DETM to wholesale electric

customers throughout Ohio and the Midwest.

9. Discuss any firm power contracts for power from the proposed facility that the

applicant has committed to.

ANSWER:

Duke Energy Madison II has no firm power contracts to sell power from the facility at

this ime.
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Notice

This study addresses the feasibility of integrating the proposed merchant plant into the
Cinergy transmission system at the point of receipt and does not address the Availability
of Transmission Capacity (ATC) to transfer the output of the proposed plant to specific
points of delivery. A Transmission Request Study will be required when a Transmission
Service Request is received.

The use of preliminary data for the combustion furbine generating units, scheduling of
other proposed merchant plants and system projects on Cinergy and neighboring utility
systems could affect the study results. Neighboring utility facilities” limitations, of which
Cinergy is not aware, could affect study results.

Cinergy is currently studying other merchant plant requests not included in this study
which could affect the study results and ATC for this site.

Cinergy recommends the merchant requestor share these studies with Cinergy’s
neighboring control areas for a review of the impact on their systems.
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Executive Summary

This report summarizes power flow and stability analyses conducted by Power
Technologies, Inc. (PTI) for Cinergy Services, Inc (Cinergy) to assess the impact of the
proposed Madison IT 640 MW generating station. Contingency analysis identified some
local transmission loading problems which result from adding the Madison II plant into
the system. System upgrades, which will be necessary to integrate the requested 640 MW
capacity, were identified. The estimated cost of these upgrades is $33,807,000.

Power transfer capability was estimated from the proposed merchant plant to several
neighboring control areas. These estimates are not Available Transfer Capabilities (ATC)
or Total Transfer Capability (TTC) as required in FERC Order 888 and 889. Actual
ATC’s would be determined upon request for transmission service per Cinergy’s OATT.

Short circuit caleulations show that the addition of 640 MW to the Woodsdale 345 kV
Substation bus will increase fault current to several breakers in the area but will not cause
any to exceed their fault duty ratings.

Dynamic simulations were performed to assess system performance with and without the
plant. Though for all the cases, the system response is stable and positively damped it is
noted, damping of oscillations following the disturbance can be fairly low. These results
are based on the preliminary dynamic data provided by the merchant plant developer and
their equipment vendors. These results could change based on final test data and
adjustment of the proposed excitation system parameters. Should the merchant plant
developer proceed with the project, Cinergy will work with the merchant plant developer
to implement equipment adjustments that will allow the proposed generation to connect to
Cinergy's transmission system in a reliable manner. Further stability studies by Cinergy
will be required based on the final dynamic data that have been obtained from the original
equipment tests and/or settings.
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1

Infroduction

11  Project Description

This report summarizes power flow and stability analyses conducted by Power
Technologies, Inc. (PTY) for Cinergy Services, Inc (Cinergy) to assess the impact of the
proposed Madison 1T 640 MW generating station. This new plant will be located near the
Woodsdale 345 kV substation in southwest Ohio and will be connected to Cinergy's 345
KV transmission system through this substation.

12 Project Tasks
121  Database Development

Using information provided by Cinergy, power flow and stability models of the proposed
plant were developed. The power flow and stability databases were revised to include the
proposed generating facility and interconnection.

122 AC Contingency Analysis

Non-linear ("AC") contingency analysis was conducted to assess post-contingency branch
flows and bus voltages in the neighborhood of the proposed plant. This analysis was used
to identify local transmission reinforcements required to connect the plant to the
transmission system.

123  Transmission System Reinforcements

With the help of Cinergy's engineering staff, potential transmission reinforcements were
identified to rectify circuit overloads attributed to the proposed power plant. A cost
estimate was prepated for the reinforcements vsing typical unit cost data fumished by
Cinergy.

124  Power Transfer Capability

Linear ("DC") transfer analysis was conducted to estimate the power transfer limit
between the proposed plant location and several neighboring control areas. These
estimates are not Available Transfer Capabilities (ATC) or Total Transfer Capability
(TTC) as required in FERC Order 888 and 889. Actual ATC’s would be determined upon
request for transmission service per Cinergy’s OATT.




SECTION 1 INTRODUCTION
125  Stability Analysis

Dynamic simulations were performed for contingencies selected in consultation with
Cinergy's engineering staff to compare system performance with and without the plant,

12
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Data Preparation

2.1  Madison II Interconnection and Plant Data

The proposed plant interconnection is shown in Appendix A. Plant data provided by the
developer is summarized in Appendix B.

The following assurptions were made;

»  The Madison II plant is assumed to be interconnected to the power system at the
existing 345 kV Woodsdale substation.
»  The plant is connected to the transmission system by a short transmission line with

negligible impedance.

»  The plant is assumed to consist of  machines each generating 80 MW.

22  PowerFlow Cases

221  Steady State Analyses

Cinergy provided a PSS/E database as a starting point for the AC contingency and power
transfer capability analysis. This database included the following merchant plants,
Vermillion at 640 MW, Wheatland at 500 MW, Madison at 640 MW and Worthington at
171 MW. The database represents the system in 2002 under summer peak loading
conditions.

Starting with the 2002 case provided by Cinergy, “Madison IT_base case”, the following
change was made to develop a new base case "Madison I_Online” with the Madison Il
plant on-line:

m  The 640 MW Madison II plant was added as described in Section 2.1.

Toinclude the 640 MW Madison Il plant in the “Madison II_Online” case, an equal
amount of generation was displaced in Consumers Power in Michigan.

222 Stability Analysis

Cinergy provided a PSS/E database as a starting point for the stability analysis. The
database represents the system in 2003 under summer peak conditions. Starting with the

21




SECTION2 DATA PREPARATION

23

24

2003 case provided by Cinergy, the Madison I plant was added using the assumptions
listed in Section 2.1 to develop a new base case "Madison If Off DYN_ALL” with the

Madison II plant off-line

From the "Madison Il Off DYN ALL” case, a case was created with Madison II on-line
"Madison [ ON_DYN_ALL” by displacing 640 MW of Consumers Power generation in
Michigan.

Input Data Files

Cinergy provided input data files for the AC contingency analysis and the linear transfer
analysis. These files consist of 2 subsystem file, a monitored element file, and a
contingency file.

Dymamics Data File

The models and parameters for existing generating units in the stability database were
provided by Cinergy. Generator, exciter, governor and power system stabilizer (PSS)
models for the propesed plant are based on manufacturer information provided by the
developer. The models for the proposed plant are listed in Appendix B.
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Section

3

AC Contingency Analysis

31 Methodology

PTTs MUST (Managing and Utilizing System Transmission) software was used to
conduct the AC contingency analysis. The objective of this assessment was to identify
any local transmission loading or voltage problems which result from dispatching the
Madison If plant. The transmission system was checked in an area bounded
approximately by the Miami (DPL) and Bath (DPL) substations to the north, Five Points
to the west, Zimmer and E. Bend to the south and Marquis to the east. The criticat
transmission facilities that were included in this analysis were within five buses of the
main 345 kV interconnection point at the Woodsdale substation.

32 Disturbance and Performance Criteria

The input data files provided by Cinergy were used for this analysis. The contingeticy fle
consists of:

®  Generator outages
m  Single branch contingencies 138 kV and above and tower and double branch
contingencies at the 345 kV level in the Cinergy and neighboring areas.

The contingency file was modified such that an inertial dispatch was simulated for any
contingency that resulted in an imbalance between load and generation. The monitored
element file consists of ines 69 kV and above in Cinergy’s area and Iines 138 kV and
above in adjacent areas, Branches were monitored for loading above 100% of the long-
term emergency rating (Rate B).

Bus voltages in the CG&E subsystem (69 kV and above) were analyzed to identify buses

with post-contingency voltages below 92%. Violations with low sensitivity to the
Madison II plant (voltage difference of less than 0.5%) were neglected.

33 Results
331  Thermal Assessment
Post-contingency overloads that occur within the area defined in Section 3.1 25 a result of

the proposed Madison If plant are listed in Table 3-1. The details of the worst violation are
shown in the table "Frequency of Branch Violations" located in Appendix C.

31




SECTION3 AC CONTINGENCY ANALYSIS

Table 3-1: Branch Overloads

Elemd# Monitored Branch Worst Violation %
MadisonII Con#* Madisonll Con#*
**From Bus** **ToBus** Clt Type  QOff.Lie On Line

1 BOSTCARLM269  BOB9CARLISLEGS 1IN 1116 2 123.1 2
2 8087CARLM269  BOSOCARLISLE138 | TR 1094 2 1192 2
3 8089 CARLISLEGY 17060 0SOHHWE? | LN 1075 2 1274 2
4 8464 MILLIKEN 138 8743 TODHUNTR 138 | LN 1100 4 1727 3
5 8052 BETHANY 138 8708 TAPS5485138 1 LN 1108 3
6 8411 M.FORT 345 S7ITTERMINL 345 1IN 1294 1
7 8411 M.FORT 345 8872 WOODSDLE 345 1 LN 1366 1
8 8464 MILLIKEN 138 8576 P.UN2 138 1IN 1588 3
9 8575P,UN1 138 8743 TODHUNTR 138 I LN 1706 3
10 $587PARK1 138 B8589PARK2 13§ | IN 113 3
11 8703 TAP 5485 138 8743 TODHUNTR 138 1IN 1318 3
12 8735 TODMIS 138 $743 TODHUNTR 138 1 LN 1269 3
13 3735 TODMIS 138 §744 TODHUNIR 345 | TR 1296 3
14 8736 TODMI16 138 8743 TODHUNTR 138 | LN 1324 3
s 8736 TODMI6 138 8744 TODHUNTR34S | TR 1356 3
16 8737 TODMI7 138 8743TODHUNIR 138 1| LN 167 3
17 S737TODMIT 138 §744 TODHUNTR 345 1 TR 1196 3
18 8744 TODHUNTR 345 8872 WOODSDLE 345 1 IN 1233 5
19 §744 TODHUNTR 345 8872 WOODSDLE 345 2 IN 1233 6
20 8741 TODHUNTR. 69 8792 TXEMNRG9 69 1 LN 1020 7

* List of Contingencies in Table 3-1

Woodsdle to TodHunir 345 kV Ckt] & Woodsdle to TodHuntr 345 kV Ckt2
Foster to Sugar Creek 345 kV & Foster to Bath 345 kV

Woodsdle to M. Fort 345 kV & TodHuntr to Foster 345 kV

Miami Fort to Terminal Fort 345 kV & TodHuntr to Foster 345 kV
Woodsdle 345 KV to TodHuntr 345 kV Ckt2

Woodsdle 345 kV to TodHuntr 345 kV Cktl

Tap 5485 138 kV Union 138 kV

The analysis indicated that there are overloads under contingency conditions in the
neighboring area served by DPL. Additional reinforcernents at the West Milton substation

»




SECTION 3 AC CONTINGENCY ANALYSIS

may be necessary to eliminate the overloads. Since these facilities are outside of Cinergy’s
territory, these problems were not pursued further.

332  Voltage Assessment

In the contingency analysis, the Madison I plant does not cause any bus voltages in the
focal area to fall below 92%.

33
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4

Reinforcements

The objective of this assessment was to identify possible transmission system
reinforcerments to rectify the local transmission overloads identified in Section 3.

41 Reinforcements

With the help of Cinergy's engineering staff, potential transmission reinforcements were
identified to rectify circuit overloads attributed to the proposed power plant. Three
reinforcement options were evaluated. Reinforcements for the 138 kV facilities are the
same for the three options, but different reinforcement strategies were considered for the
345 kV facilities in each of the three options. Following there is a description of the
reinforcerents considered for the 345 kV facilities in each one of the aforementioned
options.

The first option considers a new Tap on the line from Miami Fort to WMilton 345kV.
The Tap is located at the junction, of the existing Miari Fort to Woodsdale 345 kV and
Miami Fort to WMilton 345 KV lines. In addition a line section from Woodsdale to this
Tap is considered.

The second option considers the same Tap described in the previous option. In addition it
includes a line from Woodsdale to the Tap to West Milton and the rearrangement of the
Miami Fort to Woodsdale 345 KV line. The line will be divided into two seciions, one
section from the Miami Fort 345 kV substation to the Tap and a second section from the
Tap to the Woodsdale 345 KV substation.

The third option only considers a line from the Woodsdale 345 kY substation to the
Whilton 345 kV substation. There is not Tap considered in this option.

All three options were tested and the second option was chosen, based on the fact that it
offers reduced postcontingency flows, increased operating flexibility, and a more robust
solution for future developments such as load growth and change in flow patterns.
Furthermore for this option peak load losses are 5 MW lower than in option three, though
loss savings under other loading conditions will be different. On the other hand the first
option stil shows overloads as can be seen from Table 4-1.

For the second option four reinforcements are identified:

4-1




SECTION 4 REINFORCEMENTS

1

2)
3
4

5)
6)

A new Tap on the line from Miami Fort to WMilton 345 kV located at the junction of
the existing Miami Fort to Woodsdale 345 KV and Miami Fort to WMilton 345 kV
lines

A new 345KV circuit from the Woodsdale 345 kV substation to the Tap and from the
Tap to the 09WMiltn 343 kV substation.

Rearrangement of the Miami Fort to Woodsdale 345 kV line. The line will be divided
into two sections, one section from the Miami Fort 345 kV substation to the Tap and a
second section fromm the Tap to the Woodsdale 345 kV substation.

Reconductoring of the 138 kV line between Millikin and Port Union 2
Reconductoring of the 138 kV ine between Millikin and TodHunter

Reconductor of the 138 kV line between TodHunter and Port Union 1

The 138 kV lines between Millikin and Port Union 2, Millikin and TodHunter, and
TodHunter and Port Union 1 were modetled as two circuits with bundled 954 ACSR
conductors. Impedances were calculated assuming both circuits are on the same tower
structure.

The case used for AC contingency analysis in Section 3 with Madison IT on-line “Madison
TI_Online” was modified to incorporate the reinforcements listed in Section 4.1. AC
contingency analysis was repeated to assess the impact of the reinforcements on branch
loading and the results are summarized in Table 4-1.




SECTION 4 REINFORCEMENTS

Table 4-1: Post-Contingency Branch Loading

Elem# Monitored Branch Highest Loading %
Reinforcemts | Reinforcemts | Reinforcemts
**FromBus** *ToBus** Ckt Type | Option# 1 | Option# 2 | Option# 3

1 B0B7 CARLM269  80B9CARLISLESY |1 LN 103.9 894 949
2 8087 CARLMZ69  B0S0CARLISLEI3R 1 TR 1052 91.7 96.8
3 8089 CARLISLESD  17060050HE W60 | LN 943 689 788
4 8464 MILLTKEN 138 8743 TODHUNTR 138 1 LN 504 432 504
B 8052 BEIHANY 138 BIOBTAP 5485 138 [ LN 405 141 30.5
3 B41TM.FORT 345 87I7TERMINL 345 [ EN 965 733 758
7 8471 M.FORT 345 8872 WOODSDLE 345 [ LN 192 - 386
8 8464 MILLIKEN 138 BS76P.UN2138 1IN 434 6.4 434
9 B575P.UN1 138 8743 TODHUNTR 138 | LN 405 326 41,1
10 858TPARK1 138 8589PARK2 138 | IN 2.3 19.7 250
1 8708 TAPS485 138 8743 TODHUNTR (38 | LN 654 575 63.0
12 8735 TODMI5 138 8743 TODHUNTR (38 £ LN 702 613 693
13 8STODMIS 138 8744 TODHUNTR 345 | TR 702 61.3 693
14 8736 TODMI6 138 8743 TODHUNTR 138 [ LN 735 64.2 725
15 8736 TODMIG 138 8744 TODHUNTR 345 | TR 735 642 725
16 8737 TODMi7 138 8743 TODHUNTR 138 | LN 648 56.6 640
17 §737TODMI7 [38 §744 TODHUNTR 345 1 TR 648 56.6 64.0
18 8744 TODHUNTR 345 8872 WOODSDLE 345 1 LN 930 76.1 86.5
B 8744 TODHUNTR 345 8872 WOODSDIE 345 2 LN 9.0 76.1 86.5
20 BSBBTAP 345 345 8872 WOODSDLE 345 | IN 1173 673 .
21 8888 TAP 345 345 8872 WOODSDLE 345 2 LN . 573 —
2 BSBETAP 45 345 I7090WMILLTON 3451 LN | [159 69.4 —
n BRBETAP 345 345 17090 WMILTON 345 2 IN _ 69.4 ——
24 88572WDSDLE 345 17090 WMILTON 345 1 LN — —— 977
25 8741 TODHUNTR 69 8792 TX E MNRS9 69 1 LN 935 87.4 807

42  Estimated Costs

A cost estimate for the reinforcements identified in Section 4.1 is developed below. This
estimate was prepared using typical construction costs and are not based on detailed

engineering estimates.

43




SECTION4 REINFORCEMENTS

Table 4-2: Estimated Reinforcament Costs for Option # 2

Element Units Unit Cost Price

Reconductor MILLIKINto P. UNION2 138KV

Reconductor MILLIKIN to TODHUNTER 138 kV.

Reconducior P. UNION to TODHUNTER 138 kY 9.69 miles $300,000/mile $2,907,000
New-Woadsdale to Tap 345 kV Section 5.0 miles $300,000/mile $1,500,000
New- Tap fo Wiiton 345 kV Section 18.0miles $300,000/mile $5,400,000
New- Tap to WMilton 345 kV Section 18.0miles $1,000,000/mile $18,000,000
New Ring Bug with Six Breakers {At the Tap} 8 breakers $1,000,0006kr $6,000,000
Total $33,807,000

The above costs do not include the cost to physically connect the proposed generating
facility to the transmission system. This cost includes the costs of breakers, transmission
facilities from the plant to the Woodsdale 345 kV substation and any other additional
equipment needed to accomplish the final interconnection to Cinergy’s transmission

systen.

The cost of additional reinforcement that may be needed in the DPL systern is not
incloded in this report.
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Linear Transfer Analysis

51  Methodology

PTI's MUST (Managing and Utilizing System Transmission) software was used to
conduct the linear transfer analysis. The objective of this analysis was to estimate the
power transfer limit between the proposed plant location and neighboring control areas.
These estimates are not Available Transfer Capabilities (ATC) or Total Transfer
Capability (TTC) as required in FERC Order 888 and 889. Actual ATC’s would be
determined upon request for transmission service per Cinergy’s OATT.

52 Disturbance and Performance Criteria

The input data files provided by Cinergy were used for this analysis. The monitored
element file consists of lines 69 kV and above in Cinergy's area and lines 138 kV and
above in adjacent areas. Branches were monitored for loading above 100% of the long-
term emergency rating (Rate B).

The contingency file consists of.

m  Generator outages.
m  Single branch contingencies 138 kV and above in the Cinergy and neighboring areas.

The contingency file was modified such that an inertial dispatch was simulated for any
contingency that resulted in an imbalance between load and generation.

53 Results

In the base case with Madison I off-line “Madison II_basecase™ there are several base
case and post-contingency overloads in the transmission system. Appendix DD contains a
list of averloaded branches that are impacted by transfers from Madison II, the number of
contingencies for which the element is overloaded with Madison H off-line and the
maximum violation with Madison II off-line.

Because the monitored branches listed in Appendix D are overloaded before the Madison
I plant i3 dispatched, Cinergy does not consider them valid limiting branches for transfer
analysis. The branches fisted in Appendix D) were not monitored during the transfer
analysis.

3-1




SECTION 5 LINEAR TRANSFER ANALYSIS

The areas listed in Table 5-1 and Table 5-2 were identified by Cinergy for transfer
analysis. Transfers were simulated from the proposed plant to each of the indicated areas
by scaling generation in that area. The complete MUST report is given in Appendix D, the
estimated transfer capability from the proposed plant and first five transfer limits are
summarized in Table 5-1 and Table 5-2. Table 5-1 shows transfer limits without
reinforcements to the transmission systern. Table 5-2 shows transfer limits with the
reinfprcements to the transmiission system considered in option two, as indicated in
section 4.1 of this report.

52




SECTION 5 LINEAR TRANSFER ANALYSIS

Tahle 5-1: Madison 1l Estimated Transfer Capability Without Reinforcement

To Transfer Limiting Element Contingency
Capability
AEP 229.5 8744 TODHUNTR 345 B872 WOODSDLE 345 2 8744 TODHUNTR 345 8872 WOODSDLE 345 1
229.5 8744 TODHUNTR 345 8872 WOODSDLE 345 1 8744 TODHUNTR 345 8872 WOODSDLE 345 2
363.9 8464 MILLIKIN 138 B743 TODKUNTR 138 1 8281 POSTER 345 8744 TODHUNTR 345 1
548.3 8575 PLUN 1 138 8743 TODHUNTR 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
618.8 8464 MILLIKIN 138 8576 P.UN 2 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
AMRN | 229.9 8744 TODHUNTR 345 8872 WOODSDLE 345 2 8744 TODHUNTR 345 8872 WOODSDLE 345 1
229.9 8744 TODHUNTR 345 8872 WOODSDLE 345 1 8744 TODHUNTR 345 8872 WOODSDLE 345 2
360.9 8464 MILLIKIN 138 8743 TODHUNTR 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
539.4 8575 P.UN 1 138 8743 TODHUNTR 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
613.9 8464 MILLIKIN 138 8576 P.UN 2 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
DPL 113.8 8741 TODHNTR169.0 8792 TX E MNR69.0 1 8708 TAP 5485 138 8797 UNION 138 1
145.1 8758 TPS666-16%.0 8792 TX E MNR6S.0 L 8708 TAP 5485 138 8797 UNION 138 1
149.3 8353 JACKSON 63.0 8758 TP5666-169.0 1 8708 TRP 5485 138 8797 UNION 138 1
196.8 8741 TODHNTR169.0 8732 TX E MNR69.C 1 8090 CARLISLE 138 8737 UNION 138 1
215.3 8087 CARL M2 6%.0 8089 CARLISLEG.0 1 17079 09SUGRCK 345 8281 FOSTER 345 1
EKPC | 228.5 8744 TODHUNTR 345 8872 WOODSDLE 345 1 8744 TODHUNTR 345 8872 WCODSDLE 345 2
228.5 8744 TODHUNTR 345 8872 WOODSDLE 345 2 8744 TODHUNTR 345 8872 WOODSDLE 245 1
255,2 6051 11ADAMS 138 6146 LITYRONE 138 1 €126 110C TAP 138 6137 1L5COTT 138 1
299.2 6064 L1BRWN P 13§ 6087 L1FAWKES 138 1 20007 20AVON 138 20027 20BOONST 138 1
347.8 6064 11BRWN P 138 6087 L1FAWKES 138 1 6002 11ALCALD 345 6004 11BRWN N 345 1
HE 230,2 8744 TODHUNTR 345 8872 WOODSDLE 345 2 8744 TODHUNTR 345 8872 WOODSDLE 345 1
230.2 8744 TODHUNTR 345 8872 WCODSDLE 345 1 8744 TODHUNTR 345 B8B72 WOODSDLE 345 2
358.6 8464 MILLIKIN 138 8743 TODHUNTR 138 1 8281 POSTER 345 8744 TODHUNTR 345 L
532.8 8575 P,UN 1 138 BT43 TODHUNTR 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
587.2 4002 16PETE 345 4042 16PETE 138 E 23 GIBSON 345 180 GIBSON 138 1
IPL 230.4 B744 TODHUNTR 345 8872 WOODSDLE 345 2 8744 TODHUNTR 345 8872 WOODSDLE 345 1
230.4 8744 TODHUNTR 345 B872 WOCDSDLE 345 1 8744 TODHUNTR 345 8872 WOODSDLE 345 2
358.7 B464 MILLIKIN 138 8743 TODHUNTR 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
532.8 B575 P.UN 1 138 B743 TODHUNTR 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
610.0 8464 MILLIKIN 138 8576 P.UN 2 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
IGEE | 27.9 24 SPEED 345 156 SPEED 138 1 6005 11GHENT 345 6015 11W LEXN 345 1
112.3 24 SPEED 345 156 SPEED 138 1 7064 QSJEFRSQ 765 7068 QSROCKPT 765 1
229.6 8744 TODHUNTR 345 8872 WOODSDLE 345 2 8744 TODHUNTR 345 8872 WOODSDLE 345 1
229.6 8744 TODHUNTR 345 8B72 WOODSDLE 345 1 8744 TODHUNTR 345 8872 WOODSDLE 345 2
229.8 24 SPEED 345 156 SPEED 138 1 €007 11MIDDLT 345 6013 11TRIMBL 345 1
NIPS | 230.2 8744 TODHUNTR 345 8872 WOODSDLE 345 2 8744 TODHUNTR 345 8872 WOCDSDLE 345 1
230.2 8744 TODHUNTR 345 8872 WOODSDLE 345 1 B744 TODHUNTR 345 8872 WOODSDLE 345 2
362.7 8464 MILLIKIN 138 8743 TODHUNTR 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
543.5 857% P.UN 1 138 8743 TODHUNTR 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
616.9 8464 MILLIKIN 138 8576 P.UN 2 1381 8281 FOSTER 345 8744 TODHUNTR 345 1
QVEC | 228.5 8744 TODHUNTR 345 8872 WOODSDLE 345 2 8744 TODHUNTR 345 8872 WOODSDLE 345 1
228.5 8744 TODHUNTR 345 8872 WOODSDLE 345 1 8744 TODHUNTR 345 8872 WOODSDLE 345 2
355.2 8464 MILLIKIN 138 8743 TCDHUNTR 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
538.5 8575 P.UN 1 138 8743 TODHUNTR 138 1 8281 FOSTER 345 8744 TODHUNTR 345 1
§10.9 8464 MILLIKIN 138 8576 P,UN 2 1381 8281 FOSTER 345 8744 TODHUNTR 345 1
SIGE | 153.7 1064 TETC 12J69.0 1066 PRINCET069.0 1 175 ORK CITY 138 178 PRINCETO 138 1
200.5 1058 QAKLAND 69.0 1064 TETC 12J59.0 1 175 ORK CITY 138 178 PRINCETO 138 1
229.5 1058 QAKLAND 69.0 3247 100AKCTY69.0 1 3251 10TOYOTS 138 175 OBK CITY 139 1
230 9744 TODHUNTR 345 8872 WOODSDLE 345 1 8744 TODHUNTR 345 8872 WOODSDLE 345 2
230 8744 TODHUNTR 345 8872 WCODSDLE 345 2 8744 TOPHUNTR 345 8872 WOODSDLE 345 1
53




SECTION 5 LINEAR TRANSFER ANALYSIS

Table 5-2: Madison II

Estimated Tranafer Capability With Rainforcements of Option ¥ 2

To Transfer Limiting Element Contingency
Capability
AEP -1476.2 17089 OSWMILTN 138 17090 OSWMILTN 345 1 17047 DSMIMMI 345 17090 OIWMILTN 345 1
544 17047 QSMIAMI 345 17090 Q9WMILTN 345 1 17089 OSWMILTN 138 17090 O9WMILIN 345 1
634.8 8744 TODHUNTR 345 8872 WCODSDLE 345 2 8744 TODHUNTR 345 8872 WOODSDLE 345 1
634.8 8744 TODHUNTR 345 8872 WOODSDLE 345 1 8744 TODHUNTR 345 BB872 WOODSDLE 345 2
952.8 17047 OSMIAMI 345 17090 O9WMILTN 345 1 8281 FOSTER 345 8744 TODHUNTIR 345 1
AMRN | -1553.9 17089 OSWMILTN 138 17090 Q9WMILTIN 345 1 | 17047 OQ9MIAMI 345 17090 OSWMILTN 345 1
572.8 17047 OSMIAMI 345 17090 O9WMILTIN 345 1 17085 O9WMILTN 138 17090 C9WMILTN 345 1
629.7 8744 TODHUNTR 345 8872 WOODSDLE 345 2 8744 TODHUNTR 345 8872 WOODSDLE 345 1
629.7 8744 TODHUNTR 345 B872 WOODSDLE 345 1 8744 TODHUNTR 345 8B72 WOODSDLE 345 2
s87 17047 OSMIAMI 345 17090 0SWMILIN 345 1 8281 POSTER 345 8744 TODHUNYR 345 1
DPL -1125.8 17089 O9WMILTN 138 17090 DOWMILTN 345 1 17047 O9MIAMI 345 17090 OIWMILTN 345 1
275.3 8741 TODHNTR169.0 8792 TX E MNR69.0 1 8708 TAP 5485 138 8797 UNICN 138 1
308,9 8758 TP5666-169.0 8792 TX E MNR69.0 1 8708 TAP 5485 138 8797 UNION 138 1
312.9 8353 JACKSON 63.0 8758 TP5666-169.0 1 8708 TAP 5485 138 8797 UNION 138 1
364.3 8741 TODHNTR162.0 8792 TX E MNR69.0 1 8090 CARLISLE 138 8797 UNION 138 1
EKPC | -1606.8 17089 O9WMILTN 138 17090 D9WMILTN 345 2 17047 O9MIAMI 345 17090 O9WMILTN 345 1
299.8 6064 11BRWN P 138 6087 L1PAWKES 133 1 20007 20AVON 138 20027 Z0BOONST 138 1
351.6 6064 11BRWN P 138 6087 L1FAWKES 138 1 6002 11ALCALD 345 6004 11BRWN N 345 1
396.8 20007 20AVON 138 20027 20BOCNST 138 1 6064 11BRWN P 138 6087 11FAWKES 138 1
420.6 6064 I11BRWN P 138 6087 LIFAWKES 138 1 20027 20BOONST 138 20065 20DALE 138 1
HE -1627.5 17089 O09WMILTN 138 17090 O9WMILTN 345 1 17047 09MIAMI 345 17090 09WMILTN 345 1
591.7 4002 16PETE 345 4042 16PETE 138 E 23 GIBSON 345 180 GIBSON 138 1
595.2 4002 16PETE 345 4042 L6PETE 138 E 178 PRENCETO 138 180 GIBSON 138 1
603.4 17047 Q9MIAMI 345 17050 O9WMILTN 345 1 17089 O09WMILTN 138 17090 OQ9WMILIN 345 1
607 4002 16PETE 345 4042 16PETE 138 E 4002 16PETE 345 4042 16PETE 138 W
IPL -1642.3 17089 QSWMILTN 138 17090 OSWMILTN 345 1 17047 O9MIAMI 345 17090 O9WMILTN 345 1
609.7 17047 O9MIAMI 345 17090 O09WMILTN 345 1 17089 O9WMILTN 138 17090 0SWMILTN 345 1
€24.3 8744 TODHUNTR 345 B872 WOQDSDLE 345 2 8744 TODHUNTR 345 8872 WOCDSDLE 345 1
624.3 8744 TODHUNTR 345 B872 WOCDSDLE 345 1 8744 TODHUNTR 345 8872 WOCDSDLE 345 2
LGEE | -1668.4 17089 O9WMILTN 138 17030 05SWMILTN 345 1 17047 Q9MIAMI 345 17090 QSWMILTN 345 1
60.2 24 SPEED 345 156 SPEED 138 1 6005 1IGHENT 345 6015 11W LEXN 345 1
232.6 24 SPEED 345 156 SPEED 138 1 6007 1IMIDDLT 345 6013 11TRIMBL 345 1
400.3 6075 11CENTRF 138 6145 11TRIMBL 138 1 6007 LIMIDDLT 345 6013 11TRIMBL 345 1
499.8 6013 11TRIMBL 345 6145 11TRIMBL 138 1 6007 LIMIDDLT 345 6013 11TRIMBL 345 1
NIPS | -1500.1 17089 Q9WMILTN 138 17090 09WMILTN 345 1 17047 O0SMIRMI 345 17090 Q9WMILTN 345 1
550,1 17047 O9MIAMI 345 17090 09WMILTN 345 1 17089 OSHWMILTN 138 17090 O9WMILTN 345 1
636.8 8744 TODHUNTR 345 8872 WOODSDLE 345 2 §744 TODHUNTR 345 9872 WOODSDLE 345 1
636.8 8744 TODHUNTR 345 8872 WOODSDLE 345 1 8744 TODHUNTR 345 8872 WOODSDLE 345 2
962.7 17047 GOMIAMI 345 17050 OSWMILTN 345 1 8281 FOSTER 345 B744 TODHUNTR 345 1
QVEC { -1649.6 17089 O9WMILTN 138 17090 QOWMILTN 345 1 17047 OSMIAMI 345 17030 OSWMILTN 345 1
610 17047 OSMIAMI 345 17090 OQSWMILTN 345 1 17089 C9WMILTN 138 17090 O0SWMILTN 345 1
614.8 8744 TODHUNTR 345 8872 WOODSDLE 345 2 8744 TODHUNTR 345 8872 WOODSDLE 345 1
6l4.8 8744 TODHUNTR 345 8872 WOODSDLE 345 1 8744 TODHUNTR 345 8872 WOODSDLE 345 2
SIGE | -1622.9 17089 DIWMILTN 138 17090 OOWMILTN 345 1 | 17047 OSMIAMI 345 17090 OIWMILTN 345 1
154.9 1964 TETC 12J69.0 1066 PRINCET069.0 1 175 ORK CITY 138 178 PRINCETO 138 1
201.8 1058 CAKLAND 63.0 1064 TETC 12J69.0 1 175 ORK CITY 138 178 PRINCETO 138 1
230.9 1058 CAKLAND 69.0 3247 100AKCTY69.0 1 3251 10TOYOTA 138 175 QAK CITY 138 1
349.7 178 PRINCETC 138 1066 PRINCET069.0 1 175 OAK CITY 338 178 PRINCETO 138 L
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Stability Analysis

PTI's PSS/E (Power System Simulator) software was used to conduct the stability
analysis. The objective of this assessment was to compare system performance with and
without the Madison I plant.

6.1 Disturbance and Performance Criteria

Cinergy’s reliability criteria states that under normal system peak load conditions with full
generation output, all generating units must remain stable with the occumrence of a three
phase fault accompanied by a single pele circuit breaker failure with operation of back-up
circuit breakers. With one component out-of-service, stable operation of all generating
units is to be maintained with a line opening without favlt or with a subsequent single
phase-to-ground fault accompanted by normal clearing of the fault.

The three-phase faults listed in Table 6-1 were simulated with a single-pole breaker
failure. At 3.75 cycles the far end of the faulted line was opened and the stuck breaker
condition modeled, and at 6 cycles the fault was cleared.

For the single phase to ground fault, with one element out of service, the contingencies
listed in Table 6-1 were simulated with normal clearing after 3.75 cycles (345 kV criteria).

The sequence admittance used to simulate the stuck breaker conditions were given by
Cinergy and for the Madison II study are:

- AtWoodsdale 345 kV bus : 7028570 MVA
- AtMiami Fort 345kV bus: 584 -j8271 MVA
- At Zimmer 345KV bus: 564 -j9156 MVA
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SECTION 6 STABILITY ANALYSIS

62  Resulis

Appendix E contains stability plots illustrating system response to valid contingencies
from Table 6-1 without the Madison Il plant. Appendix F contains stability plots
illustrating system response to the applied contingencies with Madison IT online. Though
for all the cases, the system response is stable and positively damped it is noted, damping
of oscillations following the disturbance can be fairly low. These results are based on the
preliminary dynamic data provided by the merchant plant developer and their equipment
vendors. These results could change based on final test data and adjustment of the
proposed excitation system parameters. Should the merchant plant developer proceed with
the project, Cinergy will work with the merchant plant developer to implement equipment
adjustments that will allow the proposed generation to connect to Cinergy's transmission
system in a reliable manner. Further stability studies by Cinergy will be required based on
the final dynamic data that have been obtained from the original equipment tests and/or

settings.
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SECTION 7 SHORT CIRCUIT ANALYSIS

Short Circuit Analysis
Fault Current

The addition of 640 MW to the Woodsdale 345 kV Substation bus will increase fault current to several
breakers in the area but will not cause any to exceed their fault duty ratings. The followingisa
breakdown of the fault currents in the immediate area of Cinergy’s Woodsdale Generating Station with
and without the addition of the merchant plant.

Symmetrical Without CT's WithCT's
Rating (MVA) Fault (MVA) Fault (MVA)
3-Phase
3-Phase Phase-Grd 3-Phasa Phase-Grd

Foster 138 10,000 6665 6,209 6,880 6,235
Miami Fort 345 30,000 16,538 14,061 16,549 14,076
Port Union 136-1 10,000 8,803 7,893 8812 1916
Port Union 138-2 10,000 7,245 6712 7,255 6,735
Port Union 345 25,000 19,112 15,550 19027 15,552
Todhunter 138 15,000 11,654 11,799 11,570 11,784
Todhunter 345 30,000 17,997 16,288 17477 15,922
Foster 45 25,000 2328 17,088 22,075 17,050
Woodsdale 30,000 16,887 16,565 17,912 17,106

T
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Conclusions

This report summarizes power flow and stability analyses conducted by Power
Technologies, Inc. (PTT) for Cinergy Services, Inc (Cinergy) to assess the impact of the
proposed Madison I 640 MW generating station. Contingency analysis identified some
Tocal transmission loading problems which result from adding the Madison II plant into
the system. Systers upgrades, which will be necessary to integrate the requested 640 MW
capacity, were identified. The estimated cost of these upgrades is $33,807,000.

Power transfer capability was estimated from the proposed merchant plant to several
neighboring control areas. These estimates are not Available Transfer Capabilities (ATC)
or Total Transfer Capability (TTC) as required in FERC Order 888 and 889. Actual
ATC’s would be determined upon request for transmission service per Cinergy’s OATT.

Short circuit calcwlations show that the addition of 640 MW to the Woodsdale 345 kV
Substation bus will increase fault current to several breakers in the area but will not cause
any to exceed their fault duty ratings.

Dynamic simulations were performed to assess system performance with and without the
plant. Though for all the cases, the system response is stable and positively damped it is
noted, damping of oscillations following the disturbance can be fairly low. These results
are based on the preliminary dynamic data provided by the merchant plant developer and
their equipment vendors. These results could change based on final test data and
adjustment of the proposed excitation system parameters. Should the merchant plant
developer proceed with the project, Cinergy will work with the merchant plant developer
to implement equipment adjustments that will allow the proposed generation to connect to
Cinergy's transmission system in a reliable manner. Further stability studies by Cinergy
will be required based on the final dynamic data that have been obtained from the original
equipment tests and/or settings.
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Proposed Interconnection Diagram

To Woodsdale 345 kV Bus

One-Line Diagram of the Madison Il 640 MW Merchant Plant Facility
Connected fo the Woodsdale 345 kV Substation.

Al
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Plant Data Summary

B-1




APPENDIX B PLANT DATA SUMMARY

General
Maximum Gross MW Quiput of Unit

Total Plant Aux Power Requirements (MW, MyAr)

Stap-Up Three Winding Transformer
Rated Voltage on HV side

Rated Vottage on LV side

Rated Voliage on TV side

Rated Power HV

Rated Power LY

Rated Power TV

Zi(primary —~medium point equivalent)

22 (secondary - medium peint equivalent).}
Z3 (terciary — medium point equivalent).)

GAS GENERATOR DATA

Generator (. u. reactances are on reted MVA, kV values)
Model

Rated MVA

Rated kv

Power factor

H {turbine + generator inertia constant)

X2 (Unsaturated negative sequence reactance)

X0 (Unsaturated zero sequence reactance)

Xd (direct axis synchronous reactance (unsaturated))

Xd (direct axis transient reactance (unsaturated))

X'd (direct axis subtransient reactance (unsaturated))

Tdo (direct axis open-circult transtent ime constant})

T'do (direct axis open-circuit sub-transient ime constant))
Xq (quadrature axds synchronous reactance (unsaturated))
Xq quadrature axis transient reactance (unsaturated))

X' (quedrature axis subtransient reactance (unsaturated))
Tqo (quadrature axis open-circult translent time canstart)
T'qo (quadrature axis open-cireuit sub-transient time constant)
XL (stator leakage reactance)

R1 {positive sequence amature resistance)

R2 (Negative sequence amalure resistance)

RO (Zero sequence armature resistance)

Turbine and Govemor

Model

Paramefers

W — govemor gain {1/droop) (on turbine rating)
X (sec) gavemmior lead time constant

B2

86.5 MW

345KV
138 kv
138kv

240
120

0.00557
0.0001
0.0001

GENROU
1018
13.8kY
085
56
0.148
0.074
198
0.208
0.15
128
005
181
030
015
39
0.05
0.1
0.00303
0.0186
0.0045

GAST2A

25

Comments
Estimated

Similar to Madison transformer

Estimated
Estimated
Estimated

Estimated




APPENDIXB PLANT DATASUMMARY

Y (sec) (>0.) governar lag time constant 0.02
Z - governor mode 1
1 Drocp
0-150
Em (sec) 0.04
| Ten (sec) 0.2
| Toare (MV) i
T {sec) 0
MAX {pu limit (on turbine reting) 12
MIN (pu) limit (on turbine rating} 0.1
Ec (sac) 0.01
Ks 0.77
A (>0.) valve positioner 1
B (sec} (> 0.) valve positicner 0.05
C valve positicner 1
Tisec)(0.) 04
L\ 0
Ks 0.2
K 0.8
Ta {sec) (»0.) 15
Ta (sec) (>0) 25
T:(sec) (>0} 1650
Ts (s6¢) (>0.) 33
3 1075
by 550
] 0.201
be 1.3
Cp 0.5
Rated Temperature Te (F) 1100
Minimum fuel flow K (pu) 023
Temperature control Tg {°F) 1100
Miscellaneous
Out-Of Step Relaying Not modeled
Automatic Voltage Regulator and Excitation System Provided
"Type (e.g. static, brushless, ete.)"
Moded EXAC2
Paramelers
Tn (sec) 0.01
T {sec) 1
Tc (sec) 1
Ka 1000
Ty (sec) 0.01
| Vassax 7.3
Vi 7.3
KB 1
Vewax 298
Ve -208
Te >0 (sec) 13

B3




APPENDIX B PLANT DATA SUMMARY

K. 4
Ku 0
Ke 0.05
Tp >0 {sec) 1
Ko 0.1
Ko 0.78
Ke 1
Vig 9.47
Eq 3.08
SE¢ 0.01
E; 4.08
SE; 0.01
Power System Stabilizer Provided
Mode! PSS2A
Parameters
T (>0) 2
Tz 2

| Tws (>0) 2
Twa 0
Tr 2
K2 0.19
Ks3 1
Tg 05
Ty (>0) 0.1
Kss 30
T 0.15
T 003
Ty 0.15
T4 0.03
Varmax 0.1
Vanuy 0.1




APPENDIXB PLANT DATA SUMMARY

Machine Data File

90011 'GENROU' G 12.800 .50000E-01  3.9000 .50000E-01
5.6000 .00000E+00  1.9800 1.8100 .20800
.30000 .15000 .10000 .50000E-01 .23000 /
90011 'EXAC2' G .10000E-01 1.0000 1.0000 1000.0
.10000E-01  7.3000 -7.300 1.0000 29.800
-25.80 1.3000 4.0000 .00000E+00 .50000E-01
1.0000 .10000 .78000 1.0000 9.4700
3.0600 .10000E-01  4.0800 .10000E-01 /[
90011 'GAST2A*' G 25.000 .00000E+00 .20000E-01L  1.0000
.40000E-01 .20000 86.00 .00000 1.2000
-.15000 .10000E-01 .77000 1.0000 .50000E-0L
1.0000 .40000 .00000E+0Q0 .20000E+00 .80000
15.000 2.5000 1650.0 3.3000 1075.0
550.00 -.20100 1.3000 .50000 1100.0
.23000 1100.0 /
50011 'PSS2A’ G 2 90000 3 0 5 1
2.0000 2.0000 .00000E+00  2.0000 .00000E+00
2.0000 .19000 1.0000 .50000 .10000
30.000 .15000 .30000E-01 .15000 .30000E-01
.10000 -.10000 /
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Appendix

C

AC Contingency Analysis Summary

C-1
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Appendix

D

Linear Transfer Analysis Summary

Pre-Transfer Overlcads
Monitored Branches Number of Violations Worst Violation (%)
6007 11MIDDLT 345 6117 1IMIDDLT 1381 1 1458
6007 11MIDDLT 345 6117 11MIDDLT 1382 1 11.0
11003 06SARGNT 138 11004 06DOES30 345 1 9 54
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Appendix

Transient Stability Analysis
Madison IT Off line
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MADISON II OFF LINE : SIMULATION: RUN
STABC1

RUN TO .5 SECONDS PRINT 0 BLOT 1

APPLY FAULT AT BUS 25577 MIAMI FORT 345 kV /3 PHASE FAULT
RUN FOR 3.75 CYCLES PRINT 0 PLOT 1

CLERR FAULT

APPLY FAULT AT BUS 25577 MIAMI FORT 345 kV through ADMITTANCE 584.0 -
8271.0 MVA /STUCK BREAKER

TRIP LINE FROM BUS 25577 MIAMI FORT TO 25736 TERMINAL CIRCUIT 1 /
RUN FOR 6.0 CYCLES PRINT € PLOT 1

DROP GENERATOR 25912 MIAML FORT #7 /BACKUP

CLEAR FARULT

RUN TC 5 SECONDS PRINT O PIOT 3

RUN TO 10 SECONDS PRINT Q PLOT 7

END
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MADISONII OFF LINE : SIMULATION: RUN
STABC2

RUN TO .5 SECONDS PRINT O PLOT 1

APPLY FAULT AT BUS 25577 MIAMI FORT 345 kv /3 PHASE FAULT

RUN FOR 3,75 CYCLES PRINT 0 PLCT 1

CLEAR FAULT

APPLY FAULT AT BUS 25577 MIAMI FORT through ADMITTANCE 584.0 -8271.0 MVA
/STUCK BREAKER

TRIP LINE FROM BUS 25577 MIAMI FORT TOQ BUS 26661 WAST MILTON CIRCUIT 1
RUN FOR 6.0 CYCLES PRINT 0 PLCT 1

DROP GENERATOR BUS 25912 MIAMI FORT #7 /BACKUP

CLEAR FAULT

RUN TO 5 SECONDS PRINT 0 PLOT 3

RUN TO 10 SECCNDS PRINT 0 PLOT 7

END
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MADISONII OFF LINE : SIMULATION: RUN
STABC3

RUN TO .5 SECONDS PRINT O PLOT 1

APPLY FAULT AT BUS 25824 WOODSDALE 345 kV /3 PHASE FAULT

RUN FOR 3.75 CYCLES PRINT 0 PLOT 1

CLEAR FAULT

APPLY FAULT AT BUS 25824 WOODSDALE through ADMITTANCE 702.0 -8570.0 MVA
/STUCK BREAKER

TRIP LINE FROM BUS 25824 WOODSDALE TQ 25755 TODHUNTER CIRCUIT 2 /BACKUP
RUN FOR 6.0 CYCLES PRINT ¢ PLOT 1

CLEAR FAULT

RUN TO 5 SECONDS PRINT O PLOT 3

RUN TO 10 SECONDS PRINT 0 PLOT 7

END

E-10




._4 PROJECT §F DYNAMIC CASE

Drx

AD IS0k 11 &40
ADISAN 11 OFF
THREE F. FAULT

dzw..u_mnz £1 345 Ky ON LINE TO TODHUMTER

FILE2 Cisclnergylgoadsdalencingtabnaschannel _oulpuivSTRBCY, out

B
=
=
g2
ca
4
-
52
"~
=]
g;
G
o

FAL732.0000 CF 32

T

[

TIME 1sECCNDS!

nmoﬁ: :c_.azx!.nhn-uvc«xnx_nnxmn
RO (50N 11 OFF _._rm
THREE B, FAULT AT RADISOW 1) 345 Wy OM LINE TO TOOHUNTER

FILE) Ciiclaergy\yoodedalercinsiabnoichanna] _sutput\STARBCI. aut

T:0%

PSI MACH SPEED

FRI. OCT 31 1997

I
TIHE (SECONDS)

RUN STABC3 PLOT 1

E-11




BOISOW 1§ BMG MN PROJECT SP DYNRNIC CASE
ROISON 11 OFF LIWE
THREE P, FRULT AT NADISON 11 345 Ky ON LINE TQ TODHUMIER

FILE:1 Civelnergyh arslnstabnorch, l_output\STRACI.sut

T ] i T I I 31 T I
]
oo
' '
- 1 H
! ]
! 1
H )
b H 1
M 1
* 13
L] 4
= ' |
1 '
' '
' t
- ' '
§
v
i
% '
\
v
r L
l— v 1
+ 1
! 1
'
1
- ]
1
t
| 4
I ! I ! |

7105

FRl, GCI 3t 1997

MADISON 11 M. FORT 7 ¥T &

(R

e
TIME ISECCNDS)

AD[SON 11 640 PAOJECT SP DYNRMIE CA:
:Emm.... 11 OFF _.J_zm . i
F. FAULT AT NAOISON 11 345 Ky ON LINE TO T00HUNTER
FILE: Ci\&lngrgu\soddsdaleitinztabnaichanns |_output\STABCI, out

_ Cody v 191 CETAR 25913 CoOW. FATAZD. 8407 [ 1]
(B 0-20000 _

hos

T T I ] T T

T

I
e L Y

=T

-4

kzp 4*%Trnawds

FR], OCT 31 (99?7
PS] MACHINES - VTERM

b — e

.
TINE 1SECONDS)

(X1

RUNSTABC3 PLOT 2

E12




ADISON |1 &48 M4 PAOJECT 3P DYNAMIC CASE
i-._ll rn_men 11 _OFF _.qzm M
THAEE P. FAULT AT KAGISON 1] 2345 My ON LINE TO TODHUWIER
FILE: Ci‘Clnergyuipoodsdalerncintiabndichannel Oulput\STABCI.out

| Criw = Wiy CYQLT 25755 L 2012 _
I'r.izow - —— = = = x 0.Co000

Lwdg= 37 CYRT #5577 COMM.FANIINS, 9677 1

] T T T T T w

T e .

T
t
]
1
L]
1
1
1
+
r
]
1
]
t
]
'
1
]
L)
1
I
’
]
]
T

e N i TR L LSS  EPREL EET
I

T

I e 1 1 1 L

7108

PS1 345 KV BUSES

[N

FR1, DCT 31 1997

TIHE (SECONDSI

RUN STABC3 PLOT 3

E-13




MADISONII OFF LINE : SIMULATION: RUN
STABC4

RUN TC .5 SECONDS PRINT 0 PLCT 1

/MAIMI FORT - TERMINAL QUT OF SERVICE

APPLY FAULT AT BUS 25577 MIEMI FORT through ADMITTANCE 584.0 -8271.0 MVA
/SINGLE PHASE FAULT

RUN FOR 3.75 CYCLES PRINT 0 PLOT 1

TRIP LINE FROM BUS 25577 MIAMI FORT TO BUS 26661 WEST MILTON CIRCUIT 1
CLEAR FAULT

RUN TO 5 SECONDS PRINT 0 PLOT 3

RUN TO 10 SECONDS BRINT 0 PLOT 7

END

E-14




nbh:mu 1) B0 :xzv:o CY Sk prhaNIC CASE
WAg 150 THE

El_OFF L tMIAMI FORT-TER :_....m duth T
INGLE P. FRULT AT KIRNI F.3u5 Ky OM LINE 10 W.MILTOK e
FILE: Caijcinergylfoodadalecinstabnaichannal, oulput\STABCH oyt ;mu.ﬂ
Ra
&
-4
=
=
8da&
E.—
“won
-9

He
TINE 1SECONDS)

Ay 11 Ny P 1 SP_DYHAM) A
nnu“wuu 4] wum r_..zm__n_.n.mn(ﬁ _mea_._u-qm:xmxm mmc:
u_nn_.m P. FAULT AT MIRNI F.345 KY ON _._wm 10 K.MILTON

FILE: Civcinerguipoodsdalercing tabnalchannal_outpuliSTABCY.ouT

T

PS1 MACH SPEED

FRL, OCT 30 1997

TIME (SECENDSY

RUN STABC4 PICT 1

E-15




v

FAl. OCT 3 1997
P31 MACHINES - YTERM

a0
TINE SECONDS)

ACISON 11 GME MM PAGJECT SP OYNAMIC CASE ADISON 11 6ud Mg PROJECT 5P DYNAMIL CRSE
[pnn] am_weu 1 8F8 Ve GES LoRT_TERNINAL Suns EXY (o] KEDIEOH 11 B0 YMEIIGN) 2anT )ER g Sy
g -] SINGLE P. FAULT A7 WiaANMI F.3u5 xy LINE 70 M. MILTON o : SINGLE P. FAYLT AT WIANI F,3S xy ON LIKE
™ ="
FILE: Cicinergy\roodsdalercinitabnaichannel oulpul\STABCY..ouL =
g~
=
58
m [
==
“ -
+ =
I T T T —“ T 3 T I I b4 1
! =
| : ig §
i H ¥ = ¢
! i
H '
! '
' '
+ i
: + H i
] H b3 2
' L
' )
' E
H ) -
] : 8
“ i =
] it
i A EE
+
I ' k-4
* ] =
1 T
! b
¢
\ ! i H
' H = A
1
{ :
'
! z
: E H
Il = -
'
1 | | 1 1 I

RUN STABC4 PLOT 2

E-16




ROISON [1 GMOQ My PR T 5P DYNAMIC CA
) ool 1) 512 MEOES, it e,
gr——1 SINGLE P. FRULT AT NIAMI F.345 Ky OM LINE TO X.MILTOM

i+ i
FILE: C:isclnergy\goodsdalescinstabnorchannel _output\STABCY, putL

m LhM e 01 CYGLY 28785 £223 |
T-1500 e 5 =

g e e b e L

.
L
bl 7z
=
~ O
g

o
-
o2
8&
=2

SHH
TINE (SECONDS)

RUN STABC4 PLOT 3

E-17




MADISONII OFF LINE : SIMULATION: RUN
STABCS

RUN TO .5 SECONDS PRINT 0 PLOT 1

/WOODSDBLE~TODHUNTER CIRCUIT 1 345 kv QUT OF SERVICE

APPLY FAULT AT BUS 25824 WOODSDALE through ADMITTANCE 702.0 -8570.0 MVA
/SINGLE PHASE FAULT

RUN FOR 3.75 CYCLES PRINT 0 PLOT 1

TRIP LINE FROM BUS 25824 WOODSDALE TO BUS 25755 TODHUNTER CIRCUIT 2
CLFAR FAULT

RUN TO 5 SEGONDS PRINT 0 PLOT 3

RUN TO 10 SECONDS PRINT 0 PLOT 7

END
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MADISONII OFF LINE : SIMULATION: RUN
STABC6

RUN TO .5 SECONDS PRINT 0 PLOT 1

/MIAMI FORT-TERMINAL 345 k¥ OUT OF SERVICE

APPLY FAULT AT BUS 25824 WOODSDALE through ADMITTANCE 702.0 -8570.0 MVA
/SINGLE PHASE FAULT

RUN FCR 3.75 CYCLES PRINT 0 PLOT 1

TRIP LINE FROM BUS 25824 WQODSDALE TO BUS 25755 TODHUNTER CIRCUIT 2
CLEAR FAULT

RUN TO 5 SECONDS PRINT O PLOT 3

RUN TO 10 SECONDS PRINT O PLOT 7

END
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MADISON H OFF LINE : SIMULATION: RUN
STABC7

RUN TO .5 SECONDS PRINT O PLOT 1

APPLY FAULY AT BUS 25830 ZIMMER /3 PHASE FAULT

RUN FOR 3.75 CYCLES PRINT 0 PLOT 1

CLEAR FAULT

RPPLY FAULT AT BUS 25830 ZIMMER through ADMITTANCE 564.C -9156.0 MVA
/STUCK BRERKER

TRIP LINE FROM BUS 25830 ZIMMER TO BUS 26648 STUART CIRCUIT 1

RUN FOR 6.0 CYCLES PRINT O PLOT 1

TRIP LINE FROM BUS 25830 ZIMMER TO BUS 25692 S. GROVE CIRCUIT 1 /BACK UP
CLEAR FAULT

RUN TO 5 SECONDS PRINT 0 PLOT 3

RUN TO 10 SECONDS PRINT O PLOT 7

END
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MADISON I OFF LINE : SIMULATION: RUN
STABC8

RUN TO .5 SECONDS PRINT O PLOT 1

/WOODSDALE - TODHUNTER OUT OF SERVICE

TRIE LINE FROM BUS 25824 WOODSDALE TOQ BUS 25755 TODHUNTER CIRCUIT 2
/OPEN CIRCUIT

RUN TC 5 SECONDS PRINT 0 PIOT 3

RUN TO 10 SECONDS PRINT 0 PLOT 7

END
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MADISON II ONLINE : SIMULATION: RUN
STABC1

RUN TO .5 SECONDS PRINT 0 PLOT 1

APPLY FAULT AT BUS 25577 MIAMI FORT 345 KV /3 PHASE FAULT

RUN FOR 3.75 CYCLES PRINT 0 PLOT 1

CLEAR FAULT

APPLY FAULT AT BUS 25577 MIAMI FORT through ADMITTANCE 584.0 -8271.0 MVA
/STUCK BREAKER

TRIP LINE FRCM BUS 25577 MIAMI FORT TC BUS 25736 TERMINAL CIRCUIT 1 /
RUN FOR 6.0 CYCLES PRINT 0 PLIOT 1

DROP GENERATOR BUS 25912 MIAMI FORT #7 /BACKUP

CLEAR FAULT

RUN TO 5 SECONDS PRINT O PLOT 3

RUN TO 10 SECCNDS PRINT 0 PLOT 7

END
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MADISON II ONLINE : SIMULATION: RUN
STABC2

RUN TO .5 SECONDS PRINT 0 PLOT 1

APPLY FAULT AT BUS 25577 MIAMI FORT /3 PHASE FAULT

RUN FOR 3.75 CYCLES PRINT 0 PIOT 1

CLEAR FAULT

APPLY FAULT AT BUS 25577 MIAMI FORT through ADMITTANCE 584.0 -8271.0 MVA
/STUCK BRERKER

TRIP LINE FROM BUS 25577 MIRMI FORT TO BUS 26661 WEST MILTON CIRCUIT 1
RUN FOR 6.0 CYCLES PRINT 0 PLOT 1

DROP GENERATOR BUS 25912 MIAMI FORT #7  /BACKUP

CLEAR FAULT

RUN TO 5 SECONDS PRINT O PLOT 3

RUN TO 10 SECCNDS PRINT 0 PLOT 7

END
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MADISON II ONLINE : SIMULATION: RUN
STABC3

RUN TO .5 SECONDS PRINT 0 PICT 1
APPLY FAULT AT BUS 25824 WOODSDALE /3 PHASE FAULT

RUN FOR 3.75 CYCLES PRINT 0 PLOT 1

CLEAR FAULT

APPLY FAULT AT BUS 25824 WQODSDALE through ADMITTANCE 702.0 -8570.0 MVA
/STUCK BREARKER

TRIP LINE FROM BUS 25824 WOODSDALE TO BUS 25755 TODHUNTER CIRCUIT 2 /BACKUP
RUN FOR 6.0 CYCLES PRINT 0 BLOT 1

CLEAR FAULT

RUN TO 5 SECCNDS ERINT O PLOT 3

RUN TO 10 SECONDS PRINT 0 PLOT 7

END
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MADISONII ONLINE : SIMULATION: RUN
STABC4

RUN TO .5 SECONDS PRINT Q0 PLOT 1

/MAIMI FORT-TERMINAL COUT OF SERVICE

APPLY FAULT AT BUS 25577 MIRMI FORT through ADMITTANCE 584.0 -8271.0 MVA
/SINGLE PHASE FAULT

RUN FOR 3,75 CYCLES PRINT O PIOT 1

TRIP LINE FRCM BUS 25577 MIAMI FORT TO BUS 26661 WEST MILTON CIRCUIT 1
CLEAR FAULT

RUN TO 5 SECONDS BRINT O PLCT 3

RUN TO 10 SECCNDS PRINT 0 PIOT 7

END
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MADISON IT ONLINE : SIMULATION: RUN
STABC6

RUN TO .5 SECONDS PRINT 0 PLOT 1

/MIPMI FORT-TERMINAL 345 KV QUT OF SERVICE

APPLY FAULT AT BUS 25824 WOODSDALE through ADMITTANCE 702.0 -8370.0 MVA
/SINGLE PHASE FAULT

RUN FOR 3.75 CYCLES PRINT ¢ PLOT 1

TRIP LINE FROM BUS 25824 WOODSDALE TC BUS 25755 TODHUNTER CIRCUIT 2
CLEAR FAULT

RUN TO § SECONDS PRINT 0 PLOT 3

RUN TO 10 SECONDS PRINT 0 PLOT 7

END

27




N b
o] §50120% 11 sto 2 maouger

P DYNAN A
1 FOAY - q e 55

FILE: C: rn.nnmwtznsn_uma.c/n.:daivzn.wtn:u_ln: tput\STABCE.cuL

EAMINAL 345 Ky QUT OF SERV]
o] SIHGLE PoASE FAULY AT NAOISdk 11 31345 Ky ok _._zm U

11 70 TOOHUK

ROTOR ANGLES

ThU, OCT 30 1997 18:18

P51

TV ﬂnn 11 640 zm PROJECT S# DYWAKIC CASE

IL OHLIKE (MIAMI FORT - TEAHINAL 348 xy Ouf _OF SENYI 0
e STRocE rakst FAUCT RITHAD 20k 11 S48 w« o LInE 51 10" 1ot S
[ " 21
&

~
b2, 809 “ =
Tl Lo e 35, CO=)I-C5MD 25932 LI an ] TS
) 2T

|
o=

S
2.
14

B

5.5

(AL

s
TINE ISECONDS)

1STCONDS)

TIHE

RUN STABC6 PLOT 1

28




tg_uc il &40 H 120 ct sk n«ihn CASE xnn_wox 1! 648 Ny 1no CT 3~ nq AKIC CRSE
1 ON L .r_ I FORT - TENNINAL ma.:, OF SERVI - ey 150X 1] ONL INE 1 FORY - n_. INAL 245 n...- oF SERYI -
u ern ..xnmm FAULT AT MAD)SON 1| M5 Xy _._x Tl 70 TODMUN = n nn.rm PHASE FRULT AT _: 11 345 Ky om _._.. Il 10 TOOHUN Pyl
- yasade 2 - ..:llr =
FILE: Cicinergysyoodsdalercinsisbichannel_output\STABCE.out TV FILE: Cirginergy‘\yoodsdalercinstabichanne [ outpylrSTABCH. put 7m
Er~ g
= =
S@ o
_Il Criy = 4y EEFD 2540 La.e001 01 13 I TW pig T
- 8 H .
P E
= g
- o
- I Cob e 710 CPMEC MRA1 CMENSDF((3.8907 £ 10 "
= 5. %880’ — L) =
T T LI T T E & T T T T 17T T T T E &
=4 —_ ] = pamd
B : 17 B ! ) %=
t I
' W ! 1 M
— v >3 — i 1 ]
3 1
] - k 1 -
- + -z » { 3 My
: = ! : 2
1] L)
]
L " B u . : £
) & r 1 a
) £ H 1 2
) mm ! 1 is
- 1 - R - t i — Ay
4 " 1 4 ...-.
] 1 1
- : i » / ' EE
1 o 1 fat
[} 1
1
! 3 ) : 3
- ' - =2 - - 1 — =
] -v i
i 1
n 4 B n 2 i E
1 d L ] u
! ” '
' H . ' §
— ) — = = e ' — -
S L}
2 i v
] l. ' ' b
1 1 | s ] | | 1 1 | [ P | 1 ! 1) | :

RUN STABC6 PLOT 2

F2




MAD 150N 11 b4C MW PROJECT SP DYNRNIC CRSE (o] Weois0l (I 60 PROJECT 3P DYNAMIC CASE
1300 11 GG INE TRIARL FoRT o TEANTNE 34 x oul_OF SERVI o MeDISON [T DMl .z_am._»n__us. - TERWINAL 345 Ky QUT OF SEAYI
ﬁm, L MR UTh R N AR S LR R g e pwlhll SINGLE PHRSE ;mq AT RAnTS0N 11 48 RY DR CINE T1 70 155mN
FILE: Circinergyi\yoodtdalercinstabichannel sultpultiSTABCE.out ”W FILE: Civéirtrgyi\poodsdalascinstabichennal _cutput\31ABCL. aul
3
&
= Lo 9iy CYGUT 25785 *01) _
Swn [ LA A A T 0. eee00
- il Lhhme ¢y CooaT Fagay %, 8077
5= 7,750 oA w5
. T
=)
Eg
&
I T Tl T T I T T [ Q. T T T T I I 1 1 B
il 5 s
H 2 ~
W - _
- H s -
-
'}
i E
- h _E - £
.ﬁ_
/ -
i v JE L .

b
LK
e e mmcmm o mmm———————————

n
2600
TINE ISECONDS)
B L S i R T o
[® 1)

a!d'ﬂ
EX 1)

RUN STABC6 PLOT 3

THU. OCT 30 1947 18:19
PSI 3%5 KV BUSES

F3

(R
TIME (SECONDSH

L

(811




o] BROISOK 11 b40 et s o AMIC CASE
[sa— Kay uwou El enr_ﬂ v _am: FORT - TEANIMAL m..m am ouT Gr Stavl
[ v LIN

g
SINGLE PHASE FAULT AT MAGISON 11 34T Ry o [l vo TOORUK a b
FILE: Civcinergy\roodsdalescinstabrichanngl_outpuliSTABCG.oul lm
=
=)
a
a
5io
s=
g
I Wby s 83 CPGHA Daadw VO 24879 ERP (3 ] &=
e A = W
Coy » wny CPOMR 2582w 10 24431 €KV (9
4.0 w
T 3 I I I T T T T f &
] —
- 1 &
1 =%
1
1
L . B
' fas
! =
4 H
. 1 1z
)
1
: 1
— ! -t .
H 8
'
: Es
| 1 — .h“
K ¥
)
L _ £ =
] =
1
1
L -3
v
/
> E
— 5 —%
~
Y
R 3
i)
]
1 | | 1 ! 1 ]

RUN STABC6 PLOT 4

Fa1



MADISON II ONLINE : SIMULATION: RUN
STABC7

RUN TO .5 SECONDS PRINT 0 PLOT 1

APPLY FAULT AT BUS 25830 ZIMMER /3 PHASE FAULT
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WOODSDALE ONLINE : SIMULATION: RUN
STABCS

RUN TO .5 SECONDS PRINT 0 PLOT 1
/WOODSDALE ~TODHUNTER OUT OF SERVICE

TRIP LINE FRCM BUS 25824 WOODSDALE TC BUS 25755 TODHUNTER CIRCUIT 2
/OPEN CIRCUIT

RUN TO 5 SECONDS PRINT 0 PLOT 3

RUN TO 10 SECONDS PRINT 0 PLOT 7

END
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