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Executive Summary

The Interconnection System Impact Study (ISIS) report for Midwest Independent System
Operator (MISO) Generation Interconnection Requests identified as Projects G833, Queue
#39297-01, and G834, Queue #39297-02, to the 345-kV transmission system in Manitowoc
County, Wisconsin, was originally posted in July 2008 and the revision (#3) was posted on
December 18, 2008. On January 14 and 16, 2009, the Interconnection Customer submitted
additional requests of 6 MW per unit (MISO Generator Interconnection Requests J022 and J023)
and the original dynamic models of the generators were modified. As a result, the requested
additional generation is 59 MW for each of the Point Beach Nuclear generators with a total
increase in plant output of 118 MW over the existing Interconnection Agreement. Each generator
was studied with a net output, as measured at the low-side of the generator step-up transformer,
0f 619.56 MW net (642.96 MW gross per unit). The requested commercial operation date is May
31, 2010 for G834/J023 (Point Beach Unit 1) and May 31, 2011 for G833/J022 (Point Beach
Unit 2).

This ISIS report identifies the Interconnection Facilities and Network Upgrades needed to
facilitate the requested interconnection for either Energy Resource Interconnection Service
(ERIS) or Network Resource Interconnection Service (NRIS). For interconnection, the good
faith estimate of cost for the Network Upgrades identified in this report is approximately
between $131 million and $246 million. The cost range of the proposed project has been updated
from the draft report to a range of costs due to the uncertain condition of the existing 345/138 kV
double circuit structures reported from ATC Asset Management in their recent review of the
draft system impact study. The condition of the existing 345/138 kV structures will be evaluated
as part of the detailed engineering study during the Facilities Study. The preliminary, good faith
estimate of schedule indicates that all of the Network Upgrades can be in-service within 8-10
years of an executed Generator Interconnection Agreement.

Although there are no required Interconnection Facilities for this project, ATC recommends
installing 345 kV circuit breakers on the high side of each of the two 345/13.2 kV auxiliary
transformers to prevent a breaker failure event during auxiliary transformer faults from tripping
Point Beach generation. Although a fault on these transformers does not cause the local
generators such as Point Beach and Kewaunee to lose synchronism with the required Network
Upgrades assumed in-service, ATC still recommends that the Interconnection Customer reduce
the primary fault clearing time for the Point Beach auxiliary transformer from 5.1 cycles to 4.0
cycles to prevent these faults from causing the instability of the local generators until the
proposed solution is in service. Section 1.3 describes the reliability benefits of these
recommendations.

This study was performed with the proposed Power System Stabilizers at Point Beach in-service.
The Interconnection Customer must commission a tuning study for the new Point Beach Power

System Stabilizers (PSSs) as described in Section 1.3 of this report.

The Interconnection Customer will have to submit the Definitive Planning Continuation
milestones (M3) prior to entering the Facilities Study for this project. An Interconnection
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Facilities Study will specify in more detail the time and cost of the equipment, engineering,
procurement and construction of the system upgrades identified in the ISIS report.
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1. Summary

This study evaluates the impact of the proposed 118 MW increase in generation at the Point
Beach nuclear plant which is connected to the 345 kV transmission system in Manitowoc
County, Wisconsin. This is the re-study of the Interconnection System Impact Study (ISIS) for

Generator Interconnection Requests G833 and G834 (53 MW per unit, Queue #39297-01 and

#39297-02) and the ISIS for requests J022 and J023 (6 MW per unit, Queue dates: January 14
and 16, 2009). This study incorporates the updated dynamic models of the generator provided by
the Interconnection Customer. The customer has requested the following dates for the various
stages of interconnection:

e Interconnection Facilities In-Service (Backfeed) Date: Existing facility, not applicable.

e Initial Synchronization Date: Not supplied

e Commercial Operation Date: May 31, 2010 for G834/J023 and May 31, 2011 for

G833/J022.

Due to the proposed commercial operation dates of the Interconnection Requests (i.e. May 2010
for Unit #1 at Point Beach and May 2011 for Unit #2 at Point Beach), a study report is posted
describing the “interim” system improvements that can form the basis for a Temporary
Interconnection Agreement until the Network Upgrades described in this ISIS report can be
completed. The “Interim Operation” Re-study Report can be found at:
http://oasis.midwestiso.org/documents/ATC/Cluster 8 Queue.html.

The Interim Operation Re-study Report examines the period between the expected commercial
operation date and the expected completion date of a long term solution to identify the possible
unit restrictions and/or interim system improvement needed during the interim periods. After
implementation of the upgrades needed for “interim” operation, there are several issues that must
be addressed to ensure that the Point Beach generation increase is reliable beyond temporary
operation. The issues are:

(1) Generator instability due to the isolation of Point Beach Generator 1 on L111 (Point
Beach-Sheboygan) which occurs when Point Beach 345 kV breaker 2-3 is out of service
and L121 (Point Beach-Forest Junction 345 kV) trips,

(2) Generator instability due to the outage of 6832 (Fox River-North Appleton) followed by
a fault on R-304 (Kewaunee-North Appleton),

(3) Most significantly, limitations on Point Beach and Kewaunee generating unit reactive
power output at all hours. Generator instability was identified for fault conditions when
Point Beach and Kewaunee units produce relatively small reactive power output (over-
excitation) or absorbs reactive power from transmission system (under-excitation).
Reactive power output from a synchronous machine has an impact on the transient
stability of the unit. Typically, the lower the excitation on a generating unit, the less
stable the unit tends to be under a fault condition. The results of the interim operation
study indicate that a certain level of reactive power output (over-excitation) needs to be
maintained to ensure generation stability in anticipation of critical fault conditions. The
units may not be allowed to reduce their MVAR outputs, reducing their effectiveness in
controlling system voltage.
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The interim operation study identified that, for temporary operation, Issue (1) and (2) should be
mitigated by reducing generation at Point Beach to 580 MW (G1 gross) and 600 MW (G2 gross)
respectively, and Issue (3) should be mitigated by maintaining MVAR output from Point Beach
and Kewaunee to a certain level through the use of Minimum Excitation Limiter settings. Issue
(1) may be addressed by a long term solution such as reconfiguring the existing Point Beach
substation such that Point Beach Unit #1 cannot be isolated on 345-kV line L111. However, a
more robust long term solution such as a new 345 kV line and/or substation will be needed to
address Issue (2) and Issue (3). Issues (2) and (3) can not be solved by reconfiguring Point Beach
because the issues are primarily due to the limited number of 345-kV outlets out of Fox Valley
area for the amount of generation located in this area.

This System Impact Study is performed to identify a long-term solution that addresses the
following needs and/or provides benefits:

= Addresses the generation instability issues under prior outage conditions,

» Ensures a wider operating envelope for the local transmission system and the
interconnected generators by permitting generating unit operation at unity or under-
excited conditions,

=  Provides better maintenance and operations flexibility during planned or unplanned
transmission outage conditions by tying together critical transmission elements in
strategic locations and, possibly, providing an additional transmission outlet, and

= Relieves loadings under intact and contingency conditions on the existing 138 kV and
345 kV lines running from Fox Valley area to the south by providing an additional
transmission outlet.

This study also identifies steady state system thermal and voltage impacts, system angular
stability impact and the circuit breaker fault duty impacts associated with the interconnection of
(G833/J022 and G834/J023. These interconnection system impacts are based on AC power flow
analyses, transient stability analysis and short circuit analysis. This study also identifies the
Network Upgrades and Interconnection Facilities required to eliminate any unacceptable system
impacts and to allow the generator to interconnect to the system. Preliminary, good faith
estimates of cost and schedule will be provided for the identified Network Upgrades.

The Generator Interconnection Procedures permit the Interconnection Customer to request
specific Backfeed, Initial Synchronization and Commercial Operation Dates. G833/J022 and
G834/J023 involve increasing output from existing generators and the required Interconnection
Facilities already exist. The Interconnection Facilities Study process will include a high-level
evaluation of any known scheduled outage requirements. The scheduled outage requirements and
associated evaluations will continue to be refined as project implementation details progress.

The proposed increase in Point Beach generation will be obtained by increasing the thermal
power of the reactor. This will require the rewinding of the stator and rotor of the existing Point
Beach generators. No changes to the Point Beach substation layout are required to “interconnect”
the increased generation since the units are already connected to the transmission grid. Figure 1.1
shows the expected 345 kV transmission system topology near the Point Beach substation for the
2011 time frame, including the required Network Upgrades that eliminates the stability issues
found with the increased Point Beach generation.
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Note that Figure 1.1 shows the existing substation layout for the existing Generating Facilities.
Figure 1.1 provides a conceptual, equivalent depiction of the Interconnection Customer’s
Generating Facilities. The Interconnection Customer will need to supply Generating Facility
diagrams for the Generator Interconnection Agreement.

Required construction outages to build the new 345 kV substations and the new 345 kV and 138
kV lines will be reviewed further in the Interconnection Facilities Study, along with outages
required for the other identified Network Upgrades. Any requested outage must be cleared
through an ATC screening process and be formally submitted (outage is logistically supported
with a work order and associated construction resources) to the Midwest ISO for approval. The
Midwest ISO studies outages based on the submitted queue position within their outage
scheduling database.

In order for G833/J022 and G834/J023 to interconnect, the required Network Upgrades and
Interconnection Facilities must be completed.

1.1 Injection Limits'

The injection limits are identified in Tables A.1 and A.2 in Appendix A and are listed below.
The thermal study identified no steady-state thermal violations for NERC Category A (intact
system).

The study identified two steady-state thermal violations for NERC Category B (N-1) events that
meet the criteria for injection limits:

1. Point Beach-New North Switching Station 345 kV Line (Point Beach-Sheboygan
Energy Center L111 east)

2. New East substation-Cedarsauk 345 kV line (Edgewater-Cedarsauk 796141 southern
section)

As documented in the G833/4-J022/3 Interim Operation Re-study Report, the Point Beach-
Sheboygan Energy Center line will be uprated independently by ATC for improvement due to
MISO energy market impacts.

The Network Upgrades for these injection limits are described in Section 1.4 and are required for
either ERIS or NRIS for the full 118 MW of requested interconnection service of G833/4-J022/3.

! See Appendix F, Section F3.1 for a definition of what transmission overloads qualify as injection limits.
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1.2 Generating Facility Operation Restrictions

Various potential thermal constraints are shown in Table A.7 and A.8 in Appendix A for
Category C.3 events. In general, re-dispatching generators in the local area may relieve the
loadings on the constraints. Since thermal constraints will be mitigated in the day-ahead and real-
time market through the MISO binding constraint procedure, no operating restrictions are listed
for the thermal constraints.

Three potential thermal constraints were found for Category C.5 event, which is the outage of
two circuits on a multi-circuit tower. No operating restrictions are listed for these thermal
constraints because the New East-Cedarsauk 345 kV line shown in Table A.9 will be uprated as
one of the Network Upgrades required for G833/4-J022/3 and the other two constraints, which
can be mitigated by local generation redispatch, are not considered as thermal constraints due to
(G833/4-J022/3.

With all Network Upgrades assumed in-service and the revised Minimum Excitation Limiter
settings for Point Beach and Kewaunee units maintained at the level described in Appendix I,
there are no generation restrictions due to stability issue for the conditions studied.

1.3 Generating Facility Requirements

Point Beach Power System Stabilizers

The existing Point Beach Power System Stabilizers (PSS) are required due to inadequate rotor
angle damping under certain system conditions. The G833/J022 and G834/J023 projects will
continue to require the use of PSS on the Point Beach units. This study incorporated the modified
PSS information supplied by the Interconnection Customer and it assumed that the PSS for each
unit was in-service for each simulation. The re-tuning of the PSS should be reviewed and
commissioned by experienced professionals. The results of the on-site PSS tuning, including the
parameters expressed in terms of the appropriate power system stabilizer models in the Siemens
PTI PSS/E program, must be provided to ATC prior to the commercial operation of each
upgraded unit. ATC will then test the performance of the Point Beach units with the tuned
parameters in the computer simulations to ensure that rotor angle damping is within criteria.

Auxiliary Transformers T1X03 and T2X03 High-Side Breakers

ATC recommends that new 2 cycle 345 kV circuit breakers and adequate relaying be installed on
the high-side of Point Beach auxiliary transformers T1X03 and T2X03 to avoid a trip of the
Point Beach units for a breaker failure event (Table 1.4).

The current configuration of the Point Beach substation is shown in Figure 1.2. Due to the
current design where the Bulk Electric System equipment is providing the primary fault
protection for the T1X03 and T2X03, the following events would occur for a fault on the T1X03
or T2X03 equipment, including a fault at the 13.8 kV level:
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1. For a fault on T1X03,

a. With normal clearing, 345 kV bus #1 will be removed from service and result in
the loss of the network connection to Sheboygan Falls Energy Center substation
via 345 kV line L111.

b. With delayed clearing on 345 kV bus tie 1-2, 345 kV bus #1 and 345 kV bus #2
will be removed from service and result in the loss of the following elements:

i. 345kV line L111 to Sheboygan Falls Energy Center substation,
ii. 345 kV line L121 to Forest Junction substation and
iii. Point Beach generating unit #1.
2. For a fault on T2X03,

a. With normal clearing, 345 kV bus #5 will be removed from service and result in
the loss of the network connection to Fox River substation via 345 kV line L151.

b. With delayed clearing on 345 kV bus tie 4-5, 345 kV bus #4 and 345 kV bus #5
will be removed from service and result in the loss of the following elements:

i. 345kV line L151 to Fox River substation and
ii. Point Beach generating unit #2.

The addition of new 2 cycle 345 kV circuit breakers will eliminate the loss of 345 kV (i.e. Bulk
Electric System) elements for the more probable normal fault clearing events and will
substantially reduce the impact of certain delayed clearing events by eliminating a trip of a Point
Beach generating unit. ATC recommends these circuit breaker additions to improve the
reliability of the transmission network and power plant interconnection, bringing the substation
configuration closer to current ATC design standards.

Reduction of Auxiliary Transformers T1X03 and T2X03 Primary Clearing Times

ATC also recommends, regardless of whether or not the recommended T1X03 and T2X03 2
cycle 345 kV circuit breakers are installed, that the existing 5.1 cycle auxiliary transformer 345
kV fault primary clearing time should be reduced to 4.0 cycle to prevent loss of synchronism on
the Point Beach and Kewaunee generators for high side faults on these auxiliary transformers
cleared in primary time until the proposed solution in place (see G833/4-J022/3 Interim
Operation Study Report). With the proposed solution and the planned Kewaunee bus
reconfiguration assumed in-service, no stability issues were identified without the recommended
circuit breakers. The existing primary clearing time is acceptable with the present system
configuration and generation levels. With the addition of G833/4-J022/3, failure to reduce these
fault clearing times to the recommended times would result in loss of synchronism on the
generators for the faults until completion of the proposed solution.
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Figure 1.2 — Existing Point Beach Substation Configuration

Power Factor Capability

The G833/4-J022/3 customer has submitted a generating facility design capable of maintaining
power delivery at continuous rated power output at the POI (Point of Interconnection) at all
power factors over 0.95 leading (when a facility is consuming reactive power from the
transmission system) to 0.94 lagging (when a facility is supplying reactive power to the
transmission system). For the steady-state scenarios examined, study results indicate that .
satisfactory system performance is achieved by supplying a range of -211.3 to 233.4 Mvars
(gross) to the system. In addition, study done with minimum excitation limits assumed in-service
also showed adequate results.

Plant Specific Voltage Requirements

The Point Beach Nuclear Plant has specific 345 kV voltage range requirements. The preferred
range is 352 kV (1.020 pu) to 354 kV (1.026 pu), the normal range is 351 kV (1.017 pu) to 358
kV (1.037 pu) and the maximum permissible is 348.5 kV (1.010 pu) to 362 kV (1.049 pu). A
new high voltage limit of 360 kV has been proposed by the plant and incorporated into this study.
Any voltage outside the maximum permissible range is a voltage limitation as described in the
plant technical specifications.

1.4 Network Upgrades

In addition to the Network Upgrades listed below, both Point Beach units and the Kewaunee unit
will be required to maintain the revised Minimum Excitation Limit settings on these units to
ensure stable operation for a variety of fault conditions. The proposed limits are lower than the
settings required in the Interim Operations Restudy Report and can be found in Appendix 1.
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Existing Network Upgrades Required Before G833/4-J022/3 Operation (See Table 1.1)

Injection Upgrades
Analysis prior to G833/J022 and G834/J023 found no required system upgrades due to injection
limits.

Voltage Related
Analysis prior to G833/J022 and G834/J023 found no unacceptable voltages.

Breaker Duty Related

No existing over-duty circuit breaker conditions were found to be significantly (i.e. >1%)
impacted prior to the addition of G833/J022 and (G834/J023. Therefore, no over-dutied circuit
breakers are identified in Table 1.1.

Network Upgrades Required Due to G833/J022 and G834/J023 Addition (See Table 1.2.a)
The preliminary, good faith estimate of schedule indicates that all of the Network Upgrades can
be in-service within 8-10 years of an executed Generator Interconnection Agreement.

Stability Upgrades (see Table 1.2.a)
To achieve adequate system stability with G833/J022 and G834/J023 in service, the following
Network Upgrades are required. See Table 1.2.a for more details:

1) An eight position (expandable to twelve) 345 kV and six position (expandable to ten) 138
kV breaker-and-a-half scheme substation located at the intersection of the existing 345
kV lines W-1 (Edgewater-South Fond Du Lac) and L-SEC31 (Sheboygan Energy Center-
Granville). A new 345/138 kV transformer capable of at least 500/625 MVA for SN and
SE needs to be installed at the new substation. The existing 345 kV lines W-1, L-SEC31
and 796L.41 (Edgewater-Cedarsauk) are looped into the new substation. The existing 138
kV line X-57 (South Sheboygan Falls-Mullet River) and the line from Holland are looped
into the substation. New 138 kV line from Plymouth is terminated at the substation (see
also item 6).

2) A six position (expandable to ten) breaker-and-a-half scheme substation located near the
intersection of the existing 345 kV line L111 (Point Beach-Sheboygan Energy Center)
and the existing 138 kV line L90 (Shoto - Glenview). The existing 345 kV lines L111
and L121 (Point Beach-Forest Junction) are looped into the new switching station.

3) Conversion of the existing lines 971K51 (Forest Junction-Howard Grove 138 kV line)
and portion of HOLG21 (Howards Grove-Plymouth #4-Holland 138 kV line) to 345 kV
(~48 miles). It is terminated at Forest Junction and New East 345/138 kV substation and
then looped into the new North 345 kV switching station.

4) Construction of new double circuit 345 kV lines to loop the line 796141 into the new
East substation (~1.1 miles)

5) Construction of new double circuit 345 kV lines to loop the line L121 into the new North
switching station (~3.2 miles)

6) Construction of new 138 kV lines to form new East-Plymouth-Howards Grove-Erdman
138 kV lines (~16 miles).
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Injection Upgrades (see Table 1.2.a)
In summary, the study identified the following line segment which will need to be upgraded to
achieve the necessary rating.

e Cedarsauk-New East 345-kV line 796141 south (24.1 miles) must be uprated to obtain a
minimum summer emergency rating of 960 MVA or higher. The required rating (960
MVA) is from Table A.7 (NERC C.3). This value was selected as the target rating to
address potential overloads of the line under various multiple contingency events
evaluated.

e Point Beach-New North 345 kV line L111 (51.1 miles) must be uprated to obtain a
minimum summer emergency rating of 754 MVA or higher. ATC has a planned project,
as an independent economic benefit project, for the Point Beach-Sheboygan Energy
Center line uprate to a summer emergency rating of 1095 MVA (1834 A), which is
higher than the required rating for G833/4-J022/3. The proposed in-service date of the
line uprate project is April 25, 2010 (ATC Project PR03208).

Voltage Related
None

Breaker Duty Related
None

Network Resource Interconnection Service (NRIS) Related

MISO performed the generator deliverability analysis needed for G833/J022 and G834/J023 to
qualify for NRIS. No additional upgrades were identified to qualify for NRIS for the entire
requested amount.

Typical planning level cost estimates for new and rebuilt facilities in the American Transmission
Company (ATC) footprint are listed in Appendix G for the Interconnection Customer’s
reference.

1.5 Interconnection Facilities

Interconnection Facilities include all facilities and equipment that are located between the
interconnecting generator’s Generating Facility and the POL Note that the POI is the terminal in
the Point Beach 345-kV Substation where each unit will inject its power output, while the Point
of Change of Ownership (PCO) may be a different element within the same 345-kV substation.
The G833/J022 and G834/J023 Interconnection Facilities already exist. Table 1.3 describes the
new facilities owned by the Interconnection Customer and the Transmission Owner respectively.
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1.6 Further Study

In order for G833/J022 and G834/J023 to interconnect, the required Network Upgrades and
Interconnection Facilities must be completed. The Interconnection Customer will have to submit
the Definitive Planning Continuation milestones (M3) prior to entering the Facilities Study for
this project. An Interconnection Facilities Study will specify in more detail the time and cost of
the equipment, engineering, procurement and construction of the system upgrades identified in
this ISIS report.
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Table 1.1- Existing System Upgrades Required before Operation of

G833/J022 and/or G834 /J023

Location

None

Facilities

Reason

Table 1.2.a — Required "Long-Term” Network Upgrades (Fix 11) due to the Addition of

G833/J022 and/or G834 /J023
(For more detail, see Appendix J)

Location

Cedarsauk-East
Switching Station
345 kV line
(796L41 south)

Point Beach-New
North 345-kV line
(L111 east)

A New 345/138 kV
Substation at the
Intersection of lines
W-1 and L-SEC31.

Facilities

Item #1 — Increase the line clearance and upgrade terminal
equipment (CTs) on Cedarsauk 345 kV ring buses to obtain a
minimum Summer Emergency rating of 960 MVA (1607 Amps).
Look at plan and profile and Patrol to observe any close wire
crossings and adjust to obtain a minimum Summer Emergency
rating of 960 MVA (1607 Amps).

Item #2 — Increase 345 kV line clearance to obtain a minimum
Summer Emergency rating of 754 MVA (1262 Amps). ATC has
a planned project, as an independent economic benefit project,
for the L111 uprate to a summer emergency rating of 1095 MVA
(1834 A) higher than the required rating for G833/4-J022/3. The
proposed in-service date of the line uprate project is April 25,
2010 (ATC Project PR03208).

Item #3.1
An eight position (expandable to twelve) 345 kV and a six
position (expandable to ten) 138 kV breaker-and-a-half
scheme substation located at the intersection of the existing
345 kV lines W-1 (Edgewater-South Fond Du Lac) and L-
SEC31 (Sheboygan Energy Center-Granville). Provisions to
be made to expand the 345 kV bus for four additional future
345 kV transmission facilities (e.g. a 345/138 kV
transformer, 2nd 345 kV line to South Fond du Lac, 2nd 345
kV line in the direction of Saukville, 345 kV shunt inductor).
Design and construct new 345 kV substation facilities per
ATC substation design standards. Minimum SN bus rating of
5000 Amps. Use ATC 345 kV Standard for ratings of CT’s,
switches, jumpers, etc connected to bus.
Install a new 345/138 kV transformer capable of at least
500/625 MVA for SN and SE. Select transformer based on
ATC transformer standard
Install 12 new 345 kV circuit breakers capable of 3000 A, 50

Reason

Injection
Limit

Injection
Limit

Stability
Upgrades

Good Faith
Cost
Estimate
(Assumed In-
service Date:
2018)

$402,141

Existing ATC
project will
satisfy rating
needs

Cost of Item
#3.1~#3.6.a
$129,554,079

(T-line:
$70,356,942,
Substation:
$59,197,137)

Cost of Item
#3.1~#3.6b
$243,714,953

(East Substation) kA, 2-cycle, Complete IPO Gas Circuit Breakers (GCB). (T-line:

- Install 32 new 345 kV disconnect switches capable of 3000 A $184,517,816
at a minimum. Substation:

- The existing lines W-1, L-SEC31 and 796L41 (Edgewater- $59,197,137)
Cedarsauk) are looped into the new substation. Northern
portion of HOLG21, converted to 345 kV, is terminated at
the new substation.

- Design and construct new 138 kV substation facilities per
ATC substation design standards. Minimum SN bus rating of
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A New Switching
Station in the area
of the Intersection
of lines L111 and
1L.90. (North
Switching Station)

Forest Junction 345
kV Substation

Howards Grove 138
kV substation

3000 Amps. Use ATC 138 kV Standard for ratings of CT’s,
switches, jumpers, etc connected to bus.

Install 8 new 138 kV circuit breakers capable of at least 3000
A, 40 kA, 3-cycle, Non-IPO Installation Gas Circuit Breakers
(GCB)

Install 21 new 138 kV disconnect switches capable of 3000 A
at a minimum.

Provisions to be made to expand the 138 kV bus for four
additional future 138 kV transmission facilities (e.g. a future
345/138 kV transformer, other future 138 kV transmission
facility such as capacitor bank, potential split of X57 into two
circuits (existing: 2-795 ACSR)). Purchasing sufficient land
to accommodate future expansion is required.

Terminate the not-converted southern portion of the
HOLG21 138 kV line at the new East 138 kV substation and
loop the existing line X57 into the substation,

Terminate new 138 kV line from the Plymouth #4 138 kV
substation (reference: Item 3.6)

Item 3.2

A six position (expandable to ten) breaker-and-a-half
scheme substation in the area of the intersection of the
existing 345 kV line L111 (Point Beach-Sheboygan Energy
Center) and the existing 138 kV line L90 (Shoto -
Glenview). Provisions to be made to expand the 345 kV bus
for four additional future 345 kV transmission facilities (e.g.
new 345 kV line to East, new 345 kV line to North or 345
kV shunt inductor, two 345/138 kV transformers).

Design and construct new 345 kV substation facilities per
ATC substation design standards. Minimum SN bus rating
of 5000 Amps. Use ATC 345 kV Standard for ratings of
CT’s, switches, jumpers, etc connected to bus.

Install 9 new 345 kV circuit breakers capable of 3000 A, 50
kA, 2-cycle, Complete IPO Gas Circuit Breakers (GCB).
Install 24 new 345 kV disconnect switches capable of 3000
A at a minimum.

Lines L111 and L121 are looped into the new switching
station in addition to converted 971K 51(Forest Junction-
Howards Grove 138 kV line)

Provisions for a future 138 kV substation with eight position
breaker and a half configuration to terminate existing lines
190, 971K51, two future 345/138 kV transformers, other
future 138 kV transmission facility such as capacitor bank
and future 138 kV line to the northeast or south. Purchasing
sufficient land to accommodate future expansion is required.

Item 3.3

Re-terminate converted line (971K51) to 345 kV substation
Install a new 345 kV circuit breaker capable of 3000 A, 50
kA, 2-cycle, Complete IPO Gas Circuit Breakers (GCB).
Install 3 new disconnect switches capable of 3000 A at a
minimum.

Use ATC 345 kV Standard for ratings of CT’s, switches,
jumpers, etc connected to bus.

Item 3.4

Terminate new 138 kV line from Erdman

Install a new disconnect switch capable of 3000 A ata
minimum.

Provision for a future line breaker

Design and construct new 138 kV substation facilities per
ATC substation design standards. Use ATC 138 kV
Standard for ratings of CT’s, switches, jumpers, etc
connected to bus.
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Erdman 138 kV
substation

Conversion of
existing 138 kV line
to 345 kV,
Construction of new
345 and 138 kV
lines

Item 3.5

Terminate new 138 kV line from Howards Grove

Install 6 new disconnect switches capable of 3000 A ata
minimum.

Install 3 new 138 kV circuit breakers capable of at least
3000 A, 40 kA, 3-cycle, Non-IPO Installation Gas Circuit
Breakers (GCB)

Extend the existing 138 kV bus to accommodate a new 138
kV line from Howards Grove. Minimum SN bus rating of
3000 Amps. Use ATC 138 kV Standard for ratings of CT’s,
switches, jumpers, etc connected to bus.

Relocate the termination point of the existing Erdman
138/69 kV transformer to the new 138 kV bus

Item 3.6.a (Assumes reconductoring)

Construct new double-circuit 345 kV lines (roughly 1 mile)
to loop the existing 796L41 into the East switching station.
Use bundled T2-556 ACSR or equivalent. Required ratings
are 1910/2639 MV A (3196/4416 amps) for SN/SE. CPCN
application to PSCW may be required.
Construct a new double-circuit 345 kV line on new right of
way using Bundled T2-556 ACSR or equivalent in order to
loop L121 into the new North switching station. Length: ~ 3
miles, Required Ratings: 1910/2639 MVA (3196 / 4416
Amps for SN/SE). CPCN application to PSCW may be
required.
Convert the existing 971K51 138 kV line to 345 kV (Forest
Jet-Howards Grove: ~38.72 mile). Convert portion (~9.13
mile) of HOLG21 (Howards Grove-Plymouth-Holland) to
345 kV line. Review the conditions of the existing double
circuit structures. Reconductor the converted line using 2156
ACSR (2257/2973 Amps for SN/SE) or equivalent. It is
assumed that the existing structures are designed for new
heavy conductors. The converted 971K51 will be looped
into the new North 345 kV switching station. The converted
HOLG?21 line side will be terminated at the new East 345
kV substation. Retain the existing double circuit 138 kV
segments going into Howards Grove and Plymouth #4 138
kV substations
To form New East-Plymouth #4-Howards Grove-Erdman
138 kV lines,
o Construct a new 138 kV line from new East 138 kV
substation to the point where the existing double circuit
138 kV lines go into Plymouth #4. Use T2-477 ACSR
or equivalent. Length: ~6 miles, Ratings: 1455/2014
Amps for SN/SE
o  Construct a new 138 kV line from the Plymouth #4
double circuit loop ends to the point where the existing
double circuit 138 kV lines go into Howards Grove.
Use T2-477 ACSR or equivalent. Length: ~3.2 miles,
Ratings: 1455/2014 Amps for SN/SE. One of the
existing double circuits going into Howards Grove 138
KV substation will be de-energized.
o  Construct a new 138 kV line from Howards Grove to
Erdman using T2-477 ACSR or equivalent. Length:
~6.6 miles, Ratings: 1455/2014 Amps for SN/SE

Item 3.6.b (Assumes rebuilding structures)
Same as Item 3.6a except the following sub-item.

Convert the existing 971K51 138 kV line to 345 kV (Forest
Jet-Howards Grove: ~38.72 mile). Convert portion (~9.13
mile) of HOLG21 (Howards Grove-Plymouth-Holland) to
345 kV line. Review the conditions of the existing double
circuit structures. If the existing double circuit structures
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cannot hold double circuit 345 kV lines (2156 ACSR or
equivalents), replace the existing structures to new
structures. Expand the existing right of way to accommodate
the new structures.

Item 3.7

. N . . . Roughly
. Isolate Q-303 line fault in primary time at Point Beach. This -
g";)"tt Bt.e“h 345KV quires Point Beach 345 kV Circuit Breaker Addition (345 KV, Isfab;:(zs $2£ 12‘1)’??0
ubstation 3000 A, 50 kA, Gas CB, IPO) in series with the existing Q-303 PE dollar)

Circuit Breaker to isolate line fault in primary time.

$131 million
(with Item
3.6a
assumed)
TOTAL *
$ 246million
(with Item
3.6b
assumed)

* Note: The cost range of the proposed project has been updated from the draft report to a range of costs due to the
uncertain condition of the existing 345/138 kV double circuit structures reported from ATC Asset Management in
their recent review of the draft system impact study. The condition of the existing 345/138 kV structures will be
evaluated as part of the detailed engineering study during the Facilities Study.
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Table 1.2.b — Required “Interim »3 Network Upgrades for Thermal and Stability Issues due to the
Addition of G833/J022 and/or G834/J023

Location

Facilities

Reason

In-
service
Date

Good Faith
Cost
Estimate
(Y2009)

Cypress-Arcadian
345-kV line

Ttem #1 —Look at plan and profile and Patrol to observe any close
wire crossings and adjust to obtain a minimum Summer
Emergency rating of 572 MVA (957.3 A).

Injection
Limit

5/1/2010

$1.7M

Point Beach-
Sheboygan Energy
Center 345-KV line

Ttem #2 — L111 requires a minimum summer emergency rating of
596 MVA (997.4 A). PRF PR03208 requires a minimum summer
emergency rating of 1120 MVA with a proposed in-service date
of Spring 2010. Completion of PRF PR03208 accomplishes the
requirements for G833 and G834.

Injection
Limit

5/1/2010

Not required
since existing
ATC project
will satisfy
rating needs

North Appleton 345
kV Bus

Ttem #3 — R-304 Fault at Kewaunee Protection Improvement -
North Appleton R-304 Circuit Breaker Replacement with 2 cycle
Circuit Breaker implemented for Independent Pole Operation
(345 kV, 3000 A, 50 kA, Gas CB, IPO) in order to achieve 4.5
cycles remote primary clearing time. With Kewaunee bus
reconfiguration project and Item #3 assumed in-service, R-304
fault clearing times become 3.5 cycles local primary, 8.5 cycles
local delayed and 4.5% cycles remote primary by reducing the
remote clearing time by 2.0 cycles

Stability
Upgrades

5/1/2010

$IM

Point Beach 345 kV
Bus

Ttem #4 —Point Beach Faults Protection Improvements.

Item 4A; Achieve L111 clearing times of 3.5 cycles local
primary, 8.0 cycles local delayed and 4.5 cycles remote primary
by reducing local delayed clearing time 1.0 cycles. It requires
Point Beach L111 SBF Breaker Failure Relay replacement with
an SEL-352, and the existing Line 111 SEL-221F backup relay
replacement with an SEL-421.

Item 4B: Achieve L151 clearing times of 3.5 cycles local primary,
8.5 cycles local delayed and 4.5 cycles remote primary by
reducing local delayed clearing time 0.5 cycles. It requires Point
Beach L151 SBF Breaker Failure Relay replacement with an
SEL-352, and the existing Line 151 SEL-221F backup relay
replacement with an SEL-421 (note 8.0 cycles delayed clearing
time can be obtained with Item 4B implemented).

Item 4C: Isolate Q-303 line fault in primary time at Point Beach.
This requires Point Beach 345 kV Circuit Breaker Addition (345
KV, 3000 A, 50 kA, Gas CB, IPO) in series with the existing Q-
303 Circuit Breaker to isolate line fault in primary time.

Item 4D: Achieve breaker B23 clearing times of 11 cycles local
delayed by reducing local delayed clearing time 1 cycle. It
requires relay setting change (without Breaker Failure relay
replacement) for Failure of Point Beach Bus Tie 2-3 to achieve no
more than 11 cycle total breaker failure clearing time for bus
faults

Item 4E: Replace L.121 SEL-221F backup relay with SEL-421 to
provide better maintenance and operating flexibility during a
1.121 relay outage

Stability
Upgrades

5/1/2011

31.8M

TOTAL

$45M

Note 1 — Clearing times at Kewaunee with Kewaunee Bus Reconfiguration in-service
Note 2 — Clearing time achieved by implementing item #3
Note 3 — Based on Interim Operations Restudy Report.
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Table 1.3 — Required Interconnection Facilities for G833/J022 and G834/J023

Entity

Transmission
Owner

(G833/J022 and
G834/J023
Interconnection
Customer

Facilities

None.

Minimum Excitation Limiter setting maintained at the level
described in Appendix 1. Required Minimum Excitation Limits: 12
MVAR (gross) or higher

Note: These facilities are to be provided by the generator
interconnection customer. Hence, cost estimate is not applicable.

Cost
Estimate
(Y2018)

NA

NA

Table 1.4 — Recommended Facilities at Point Beach Due To G833/J022 and G834/J023

Entity

G833/J022 and
G834/J023
Interconnection
Customer

Facilities

Recommended improvements to the Point Beach substation design.

Add 345 kV, 3000A, 50 kA, 2 cycle gas Circuit Breakers on the
high side of Point Beach auxiliary transformers T1X03 and T2X03
with adequate primary and breaker failure relaying.

For the potential stability issue that may occur until the proposed
solution in place, reduce Auxiliary Transformer T1X03 primary
fault clearing time from 5.1 cycles to 4.0 cycles and Auxiliary
Transformer T2X03 from 5.1 cycles to 4.0 cycles.

Note: These facilities are to be provided by the generator
interconnection customer. Hence, cost estimate is not applicable.

Cost
Estimate
(Y2018)

NA

Table 1.5 — Required Facilities Due To Third Party Impact of G833/J022 and G834/J023

Entity Facilities Cost

Estimate
(Y2018)

Required Minimum Excitation Limit at Kewaunee G1: -20 MVAR NA

Kewaunee (gross) or higher
Note: These facilities are to be provided by Kewaunee owned by
Dominion. Hence, cost estimate is not applicable.
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2. Criteria, Methodology and Assumptions

2.1 Study Criteria

All relevant MISO-adopted NERC Reliability Criteria and the American Transmission Company
contingency criteria are to be met for thermal, voltage and angular stability analysis. Details of
the analysis criteria used in this study can be found in Appendix F.

2.2 Study Methodology

The results of this study are subject to change. The results of the study are based on data
provided by the Generator and other ATC system information that was available at the time the
study was performed, and the injection study does not guarantee deliverability to the MISO
energy market. If there are any significant changes in the generator and controls data, earlier
queue Generator Interconnection Requests, related Transmission Service Requests, or ATC
transmission system development plans, then the results of this study may also change
significantly. Therefore, this request is subject to restudy. The Generator is responsible for
communicating any significant generating facility data changes in a timely fashion to MISO and
ATC prior to commercial operation.

2.2.1 Competing Generation Requests

ATC determined in its judgment that four Interconnection Requests with an earlier Queue
Position may impact the G833/J022 and G834/J023 study results. G427, G590, G611 and G773
are included in all of the thermal analysis cases. Because of their location on the 138 kV system,
G590, G611 and G773 were not included in the stability models.

Public information related to the MISO Interconnection Request queue can be found at:
http://www.midwestmarket.org/page/Generator%?20Interconnection

and the Interconnection Requests specific to the ATC footprint can be found at:
http://oasis.midwestiso.org/documents/ATC/Cluster 8 Queue.html.

Table 2.1 — Competing Generation Requests

ﬁ:g:r MW Commercial Operation Date Geographical Location
G427 98 TBD (suspended) Cypress 345 kV Substation
G590 98 TBD (suspended) Tecumseh Rd 138 kV Substation
G611 100.5 12-31-2011 Elkhart Lake-Forest Junction 138 kV line
G773 150 12-01-2012 Forest Junction-Lost Dauphin 138 kV line
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2.2.2 Power Flow Analysis Methods

Thermal overloads were identified using AC power flow solutions. All AC power flow solutions
utilized actual equipment ratings in MVA (i.e. 0% TRM) along with real and reactive power
flows. A 5% TRM was factored in the computation of required MVA rating for the limiting
elements.

All AC power flow solutions were performed using the Power Flow module of the Power
System Simulation/Engineering-30.3.2 (PSS/E, Version 30.3.2) program from Siemens Power
Technologies, Inc (PTI). This program is accepted industry-wide for power flow analysis.

2.2.3 Stability Analysis

ATC recently conducted extensive stability analysis of the area near the Point Beach generators
and determined that there were no generation limitations for intact and single outage conditions,
with the existing Power System Stabilizers (PSS) in service, and prior to requests G833/J022 and
G834/J023. Simulations were performed with G833/J022 and/or G834/J023 in service to
determine the stability impacts that attributed to the additional generation with the latest dynamic
data submitted to MISO for J022/J023. Any violations of the stability study criteria (in Appendix
F) identified with the increased generation in service can be attributed to the G833/J022 and
(G834/J023 interconnection request and are documented in this report.

For the analysis, the proposed Point Beach Power System Stabilizers are assumed in-service.
Simulated/tested clearing times shown in each table in Appendix C contains the required
planning margin described in Section 3.2.

The stability and grid disturbance performance analysis was performed using the Dynamics
Simulation and Power Flow modules of the Power System Simulation/Engineering-29 (PSS/E,
Version 29.5.1) program from Power Technologies, Inc (PTI). This program is accepted
industry-wide for dynamic stability analysis.

2.3 Base Cases

2.3.1 Power Flow Analysis (Steady State)

Base cases used in the thermal and voltage analysis for this study were developed based upon the
2013 Summer Peak and Summer Off-Peak MISO Definitive Planning Phase (DPP) Cycle 2
Models developed from 2013 MISO Transmission Expansion Plan (MTEP) models built in
2008. According to MISO, the existing generators in the DPP Cycle 2 models were dispatched to
serve the control area load, and the remaining generators were dispatched based on contracts.

Based on the new MISO Generation Interconnection Business Practice Manual (BPM), all wind
generation including competing wind generation was dispatched at 20% of nameplate capacity
for summer peak load conditions and 100% for summer off-peak load conditions.

For the AC power flow analysis, half of the output of G833/J022 and G834/J023 was delivered

to the WAPA control area and the remaining half was delivered to the TVA control area. This
dispatch pattern in the AC analysis was used to mimic delivery to the MISO footprint.
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2.3.2 Stability Analysis (Dynamics)

The 2010 50% of system peak load base case used in the stability analysis was developed based
upon the ATC 2009 Ten Year Assessment 50% peak load dynamics-ready model from the 2007
Series NERC MMWG cases. The ATC area was replaced with the 2010 planned and proposed
projects and load and generation was set to expected levels. The Kewaunee bus reconfiguration
project planned for 2011 was also modeled in the study cases. All local and competing
generators were dispatched at full output in accordance with ATC’s generator interconnection
study methodology. The resulting additional generation was delivered to ComEd (75%) and
Northern States Power (25%) control areas.

Two stability scenarios were studied for G833/J022 and G834/J023. Specifically, high local
generation and low local generation models were created. Only the wind generator (G427)
located at Cypress 345-kV substation was considered as the competing generator for stability
analysis based on the assumption that other wind generators connected at 138 kV would not
significantly impact the stability results. For the high generation scenario, in addition to Point
Beach, all local generation (Kewaunee, Fox River, Sheboygan Energy, South Fond du Lac and
Cypress) were modeled with maximum generation. Weston Units 3 and 4 were also in service.
For the low generation scenario, the same dispatch was used except that the Fox Energy,
Sheboygan Energy, Cypress and South Fond du Lac were modeled as off-line.

Table 2.3.1 — Key generation status with G833/4-J022/3

Units Low Generation Scenario High Generation Scenario
Point Beach Unit 1 (G834/]023) 642.96 MW (Gross) 642.96 MW (Gross)
Point Beach Unit 2 (G833/]023) 642.96 MW (Gross) 642.96 MW (Gross)
Kewaunee 603 MW (Gross) 603 MW (Gross)
Cypress 0 MW 258 MW
South Fond du Lac generators 0 MW 352 MW
Fox Energy Center 0 MW 632 MW
Sheboygan Energy Center 0 MW 346.8 MW

2.3.3 Deliverability Analysis

The deliverability analysis case was developed by MISO following the MISO deliverability
study methodology. Details on the MISO deliverability study methodology can be found in the
whitepaper posted at the following link: MISO Deliverability Whitepaper (see Appendix E for
complete URL).

2.4 Generation Facility

2.4.1 Generating Facility Modeling

The G833/J022 and G834/J023 projects are increases to the existing capacity of Point Beach
generating units and are modeled by changing the existing representation in the planning cases so
that the total gross real power is 642.96 MW for each unit. The voltage regulation set point of
each machine was 102.03% (352 kV) of nominal at the POI to reflect preferred plant operation.
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Later, as shown in Appendix H, various voltage regulation set points of the generators were
studied to evaluate the dynamic stability performance of each option in terms of minimum
MVAR limitation of Point Beach and Kewaunee.

Dynamic model changes that have been reported to ATC have been incorporated into the Point
Beach generator stability models. In addition, the generator step up transformers will be replaced
as part of the G833/J022 and G834/J023 projects and these modifications were incorporated into
the model.

After the units are physically modified and prior to initial unit synchronization, final generator
dynamic models should be provided so that operational studies confirming the results of this
study can be completed.

The actual clearing times determined using information from the Interconnection Customer and
used for the analysis contained in this report are:

1. For GSU transformers T1X01 and T2XO01, the primary clearing time is 4.5 cycles and the
breaker failure clearing time is 12.5 cycles for bus breakers and 13.0 cycles for line
breakers.

2. For auxiliary transformers T1X03 and T2X03, the primary clearing time is 5.1 cycles and
the breaker failure clearing time is 12.3 cycles for bus breakers and 23.5 cycles for line
breakers.

It should be noted that the actual clearing times listed above do not contain any ATC planning
margins. Also, the actual clearing times assume the recommended high side auxiliary
transformers breakers are not installed.

2.4.2 Voltage Sag Criteria

Based on the voltage sag criteria information provided by the Interconnection Customer on
March 13 2009, 19 kV and 345 kV bus voltage relay settings at Point Beach were also modeled
and monitored during for the dynamic stability study.

Table 2.4.2 — 19 kV and 345 kV bus voltage relay settings at Point Beach
Bus KV Drop Out Voltage l Reset Voltage ? Minimum Time Delay

19kv 84.6% 86.2% 1.5 seconds
1st criteria 74.3% 75.7% 1.0 second

345kv
20 criteria 94.1% 95.7% 1.5 seconds

2.4.3 Synchronizing and Energization of Substation/Generator Step-Up Transformers

ATC’s standard design is for synchronization of the generator to occur at the interconnection
customer’s high-side (i.e. transmission voltage) circuit breaker. Exceptions to this standard must
be requested for examination during the interconnection study.
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The Point Beach nuclear units are presently undergoing design development to support the
inclusion of generator breakers in their Iso-phase Bus connections. The generator breaker(s) will
be positioned so as to enable a generating unit trip at the generator output voltage level/position
without the need to de-energize the main transformers. Since the high voltage side breakers will
remained closed, the power plant auxiliary buses are intended to be powered via the backfeed
Main Transformers and the Iso-phase bus direct-connected Unit Auxiliary Transformers. This
arrangement eliminates the presently needed high speed transfer of auxiliary busses to the grid-
connected Startup Transformer upon a generating unit trip, and will also serve to resolve present
marginal bus voltage issues. For purposes of the grid studies, the generator breakers are
considered to be in place and operable at the time of startup of the generating units at their
increased levels of output.

A generator step-up transformer will require the initial energization to occur from the
transmission grid. Prior to initial energization, the Interconnection Customer must permanently
install mitigation equipment (e.g., pre-insertion resistors on the high-side transformer circuit
breaker) or commission a technical study of the initial energization event to ensure that the initial
energization of the transformer will not result in any unacceptable impact to ATC or
interconnected customers.

2.4.4 Unit Black Start and ATC Black Start Plan Participation

Generating units interconnecting with the ATCLLC transmission system must report black start
requirements to ATCLLC. Additionally, the customer and ATCLLC must discuss the unit’s
participation in the ATCLLC system black start pian.
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3. Analysis Results

3.1 Power Flow Analysis Results

The intact system, single contingency and multiple contingency thermal analyses in this report
used AC analysis under 2013 Summer Peak and Off-Peak load conditions with the proposed
solution in service.

3.1.1 Power Factor Capability and Voltage Requirements

Power Factor Capability

The G833/4-J022/3 customer has submitted a generating facility design capable of maintaining
power delivery at continuous rated power output at the POI (Point of Interconnection) at all
power factors over 0.95 leading (when a facility is consuming reactive power from the
transmission system) to 0.94 lagging (when a facility is supplying reactive power to the
transmission system). For the steady-state scenarios examined, study results indicate that
satisfactory system performance is achieved by supplying a range of -211.3 to 233.4 Muvars
(gross) to the system.

Plant Specific Voltage Requirements

The Point Beach Nuclear Plant has specific 345 kV voltage range requirements. The preferred
range is 352 kV (1.020 pu) to 354 kV (1.026 pu), the normal range is 351 kV (1.017 pu) to 358
kV (1.037 pu) and the maximum permissible is 348.5 kV (1.010 pu) to 362 kV (1.049 pu). A
new high voltage limit of 360 kV has been proposed by the plant and incorporated into this study.
Any voltage outside the maximum permissible range is a voltage limitation as described in the
plant technical specifications.

3.1.2 Results of Intact System and Single Contingencies (N-1)

3.1.2.1 Base Case Analyses

With the proposed solution modeled, the analysis was conducted using the cases developed
based upon the 2013 Summer Peak (100% load conditions) and Off-Peak (roughly 70% load
conditions) MISO DPP Cycle 2 models. All wind generation including competing wind
generation was dispatched at 20% of nameplate capacity for summer peak load conditions and
100% for summer off-peak conditions. For the summer off-peak model, the Fox Energy
generating units and one of the two Sheboygan Energy units were out of service. The remaining
Sheboygan Energy unit was on-line at 90 MW in the 2013 Summer Off-Peak model.

This study identified two transmission element steady-state thermal violations as injection limits
due to G833/4-J022/3 for NERC Category B (N-1) events for the 2013 Summer Off-Peak model
and one injection limit was identified for NERC Category B (N-1) events for the 2013 Summer

Peak model. The injection limits are
= Point Beach Bus 1-New North 345 kV line (L111 east). The line is overloaded with the
outage of Point Beach Bus 2-New North 345 kV line (L121 east). Distribution factor is
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not available because the contingency pair is created by the proposed new North
switching station and it does not exist in the base model prior to G833/4-J022/3.

= New East-Cedarsauk 345 kV line (796141 south). The line is overloaded with the outage
of new East-Granville 345 kV line. Distribution factor is not available because the
contingency pair is created by the proposed new East substation and it does not exist in
the base model prior to G833/4-J022/3.

A summary of the thermal violations due to G833/4-J022/3 is presented in Tables A.1 and A.2 in
Appendix A.

L111, Point Beach Bus 1-(New North)-Sheboygan Energy Center 345 kV line, will be uprated as
an independent economic benefit project (1095 MVA SE with ATC Project PR03208 assumed

in-service), required ratings are given but these are lower than those required for ATC Project
PR03208.

The maximum allowable output without Network Upgrades for injection limits is presented in
Table A.13 in Appendix A. As shown in this table, the maximum real power output for injection
limits without any system upgrades is 0 MW for all conditions studied.

Voltage analysis shows that no Transmission System voltage limits will be violated as a result of
the interconnection of G833/4-J022/3 (see Tables A.3 and A.4 in Appendix A).

3.1.3 Results of Double Contingencies (N-1-1)

3.1.3.1 NERC Category C.3 Contingencies (N-1-1)

Thermal and voltage constraints were evaluated for NERC Category C events (N-1-1
contingencies) in the electrical proximity of G833/4-J022/3 for the 2013 Summer Peak and Off-
Peak models with the proposed solution in service. The double contingency constraints are not
required to be resolved for the generator to attain either Energy Resource or Network Resource
Interconnection Service status. The purpose of the N-1-1 analysis is to reveal potential violations
under prior outage conditions.

Thermal violations under a selected number of N-1-1 contingencies were evaluated using AC
analysis. The distinct thermal violations identified from the 2013 Summer Peak and Off-Peak
load condition models used in the study are listed in Table A.7 and A.8 in Appendix A.

The results of this analysis are supplied for information only since no operating restrictions will
be created for thermal N-1-1 limits. In the day-ahead and real-time market, MISO will utilize a
binding constraint procedure to mitigate transmission system overloads. This process may result
in curtailment of generation and could affect G833/4-J022/3 for the contingencies noted in this
N-1-1 analysis.

3.1.3.2 NERC Category C.5 Contingencies
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The Transmission System local to the selected Point of Interconnection was reviewed for
facilities that could be defined as double contingencies that correspond to NERC Category C.5
events (i.e. two circuits on shared tower). Table 3.1 shows all NERC Category C.5 events that
were considered local and potentially limiting the proposed interconnection. Three overloads

were

found for the Category C.5 events studied. Two of them are not considered as a problem

due to G833/4-J022/3:

Lau Rd-Elkhart Lake 138 kV line. Approximately 2.9% of the increased generation
flowing on this line with New East-Cedarsauk and Holland-Charter Industrial-Saukville
138 kV line which is relatively minor impact and below the 5% distribution factor cutoff
in the MISO BPM. Therefore, it is not considered as a problem due to G833/4-J022/3. In
addition, the thermal overload can be mitigated by generation redispatch in the local area.
Elkhart Lake-Saukville 138 kV line. Approximately 0.5% of the increased generation
flowing on this line with New East-Cedarsauk and Holland-Charter Industrial-Saukville
138 kV line which is relatively minor impact and below the 5% distribution factor cutoff.
Therefore, it is not considered as a problem due to G833/4-J022/3. In addition, the
thermal overload can be mitigated by generation redispatch in the local area.

New East-Cedarsauk 345 kV line (796141 south). The line is overloaded with the outage
of Cypress-Arcadian 345 kV line and Germantown-Maple-Saukville 138 kV line.
Distribution factor is not available because it is a new line created by the new East
substation.

As discussed in Section 3.1.2.1, the new East-Cedarsauk 345 kV line will be uprated to 960
MVA SE, which is higher than the required rating shown in Table A.9 as one of the required
Network Upgrades (see Table 1.2.a).

The Category C.5 results are shown in Tables A.9 and A.10 in Appendix A.

—

Table 3.1 — NERC Category C.5 Events Reviewed'
Contingency Pairs

Point Beach — Forest Junction 345-kV Forest Junction — Meeme — Howards Grove 138-kV

Line 121 Line 971K51

Point Beach — Sheboygan Energy 345-kV Forest Junction - Meeme — Howards Grove 138-kV
Line 111 Line 971K51

Point Beach - Sheboygan Energy 345-kV Howards Grove — PM4 - Holland 138-kV

Line 111 Line HOLG21

Sheboygan Energy — Granville 345-kV Howards Grove — PM4 - Holland 138-kV

Line L-SEC31 Line HOLG21

Sheboygan Energy — Granville 345-kV Holland — Charter Industrial — Saukville 138-kV
Line L-SEC31 Line 8222

Cypress ~ Arcadian 345-kV Saukville — Maple - Germantown 138-kV

Line L-CYP31 Line 2642

Sheboygan Energy Center-East 345-kKV
Line L-SEC31 north

Howards Grove ~ PM4 — Holland 138-kV
Line HOLG21

Granville-East 345-kV, Line L-SEC31 south

Howards Grove — PM4 - Holland 138-kV
Line HOLG21

Line 796L41 south

East-Cedarsauk 345-kV Holland-Charter-Saukville 138-kV
Line 796L41 south Line 8222
East-Cedarsauk 345kV East-Edgewater 345-kV

Line 796L41 east

Edgewater-Cedarsauk 345-kV

Edgewater-South Fond du Lac 345-kV
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Line 796L41 Line W-1

Edgewater-East 345-kV #2 Edgewater-East 345-kV #1

Line W-1 east Line 796L41 east

Lau Rd (G611)-Elkhart Lake 138-kV Tecumseh Rd-Meyer Rd 138-kV
Line 4035 Line 40561

Point Beach Bus 1-North 345 kV line Point Beach Bus 2-North 345 kV line
North-Sheboygan Energy Center 345 kV line North-East 345 kV line

Sheboygan Energy Center-East 345 kV line North-East 345 kV line

North-Forest Junction 345 kV line #1 North-Forest Junction 345 kV line #2

1. NERC Category C.5 events studied are limited to the simultaneous outage of any two
circuits of a multi-circuit tower.

3.2 Stability Analysis Results

The stability analysis in this study was done for the following grid disturbance scenarios:

1. Three-phase fault cleared in primary time with an otherwise intact system (NERC Cat. B);

2. Single line-to-ground fault on both circuits of a double circuit structure with an otherwise
intact system (NERC Cat. C);

3. Single line-to-ground fault on a bus with an otherwise intact system (NERC Cat. C);

4. Three-phase fault cleared in primary clearing time with a prior outage of any other
transmission element (NERC Cat C); and

5. Three-phase fault cleared in delayed clearing time (e.g., breaker failure condition or zone 2
trip due to communication-based protection system failure) with an otherwise intact system
(NERC Cat D).

In general, for any grid disturbance, the proposed generation’s dynamic response must not
degrade the system stability performance. Recent stability analysis of the area near Point Beach
found no stability problems for (a) three-phase fault cleared in primary time with an otherwise
intact system, (b) single line-to-ground fault on both circuits of a double circuit structure with an
otherwise intact system, and (c) three-phase fault cleared in delayed clearing time with an
otherwise intact system. In addition, that analysis found no stability problems for three-phase
faults cleared in primary clearing time under prior outage conditions with proposed Power
System Stabilizers (PSS) in-service. The only existing issue is a potential stability problem with
a fault on 345-kV line Q-303 (Point Beach to Kewaunee) under the prior outage condition of
345-kV line R-304 (Kewaunee to North Appleton). However, this issue is addressed by the
existing operating guide, which requires Kewaunee generation to be reduced to 382 MW (net)
for thermal reasons.

For the G833/J022 and G834/J023 analysis, it is assumed that the Power System Stabilizers are
in-service for all simulations.

For existing system components, actual existing breaker clearing times were simulated.
Wherever clearing times faster than existing settings are required, a notation is made. For new
system components, the clearing times used in this study are as follows:

Primary Clearing (Local): 3.5 cycles;
Delayed Clearing (Local Breaker Failure): 9.0 cycles;
Primary Clearing (Remote End): 4.5 cycles
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A planning margin of 1.0 cycle is required between any studied (simulated/tested) clearing time
and the maximum expected clearing time of the system protection equipment (i.e. relay and
circuit breaker operation). This 1.0 cycle is added to the local primary clearing time for primary
clearing simulations and the local breaker failure time for breaker failure simulations. If a fault
is cleared using Independent Pole Operation (IPO) breakers, it is assumed that only one phase of
the breaker will fail, so that after the primary clearing time, a three phase to ground fault will
become a single line-to-ground fault until it is cleared by the breaker failure relaying. No margin
is added to the primary clearing times during breaker failure simulations.

In addition to examining angular stability of the generation, voltage recovery at Point Beach was
also monitored to ensure acceptable performance under Point Beach’s requirements. These
requirements for 345 kV and 19 kV voltages are listed in Table 2.4.2. If no stability issue was
identified with G833/4-J022/3 and without the proposed solution, no additional stability analysis
with the proposed solution was performed since the proposed solution improves stability
response by tying together critical transmission elements and providing an additional 345 kV line
in parallel with the existing 345 kV lines (portion of L111, L121 and L-SEC31).

Results of the stability analysis are summarized in Appendix C.

3.2.1 Results of Primary Clearing of Three-Phase Faults under Intact System Conditions

The 13 faults listed in Table 3.2.1 were simulated as 3-phase faults cleared in primary time under
intact system conditions. No stability problems were identified. These results are summarized in
Table C.1 in Appendix C.

Table 3.2.1 — Simulated Single Circuit 3-Phase Faults Cleared in Primary Time

Faulted Element Fault Location Description

L111 Point Beach 345 kV Point Beach-Sheboygan Energy 345 kV Line
1121 Point Beach 345 kV Point Beach-Forest Junction 345 kV Line
1151 Point Beach 345 kV Point Beach-Fox River 345 kV Line
Q-303 Point Beach 345 kV Point Beach-Kewaunee 345 kV Line
Q-303 Kewaunee 345 kV Point Beach-Kewaunee 345 kV Line
R-304 Kewaunee 345 kV Kewaunee-North Appieton 345 kV Line
L151 Fox River 345 kV Point Beach-Fox River 345 kV Line
16832 Fox River 345 kV Fox River-North Appleton 345 kV Line

971L71 Fox River 345 kV Fox River-Forest Junction 345 kV Line
L1111 Sheboygan Energy 345 kV Point Beach-Sheboygan Energy 345 kV Line

L-SEC31 Sheboygan Energy 345 kV Sheboygan Energy-Granville 345 kV Line

L-CYP31 Cypress 345 kV Cypress-Arcadian 345 kV Line

KEW T10 H Kewaunee 345 KV Kewaunee 345/138 kV Transformer

3.2.2 Results of Primary Clearing SLG Faults on Two Circuits of a Multiple Circuit Lines

The transmission system near Point Beach contains eight double circuit lines of concern (Table
3.2.2). Three phase faults were simulated on both ends of the double circuit, for a total of sixteen
simulated events, to simplify the simulations. If a generator is not stabe for the three phase fault,
a single line to ground fault would then be studied. No stability problems were identified. These
results are summarized in Table C.2 in Appendix C.
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Table 3.2.2 — Simulated Intact System Double Circuit Single Line-to-Ground Faults

Fauit 1 Fault 2
Element Location Element Location
111-Pt. Beach -Sheboygan Energy 345 kV 38.5% from POB 971K51-Forest Jet.-Howard's Grove 138 kV 33.9% from FJT
111-Pt. Beach -Sheboygan Energy 345 kV 16.3% from SEC 971K51-Forest Jct.-Howard's Grove 138 kV 6.3% from HOG
111-Pt. Beach -Sheboygan Energy 345 kV SEC HOGL21-Howard's Grove-Holland 138 kV 46.8% from HOL
111-Pt. Beach -Sheboygan Energy 345 kV 15.7% from SEC HOGL21-Howard's Grove-Holland 138 kV 12.3% from HOG
121-Pt. Beach -Forest Junction 345 kV FJT 971K51-Forest Jct.-Howard's Grove 138 kV FJT
121-Pt. Beach -Forest Junction 345 kV 42.3% from FJT 971K51-Forest Jct.-Howard's Grove 138 kV 33.9% from FJT
L-SEC31-Sheboygan Energy-Granville 345 kV GVL 3431-Granville-Saukville 345 kV GVL
L-SEC31-Sheboygan Energy-Granville 345 kV 26.7% from GVL 3431-Granville-Saukville 345 kV 25.3% from SAU
L-SEC31-Sheboygan Energy-Granville 345 kV 43.5% from GVL 8231-Sukville-Barton 138 kV 36.4% from BRT
L-SEC31-Sheboygan Energy-Granville 345 kV 48.3% from GVL 8231-Sukville-Barton 138 kV 36.4% from SAU
L-CYP31-Cypress-Arcadian 345 kV 32.0% from ADN 2642-Saukville-Germantown 138 kV 34.2% from SAU
L-CYP31-Cypress-Arcadian 345 kV 16.6% from ADN 2642-Saukville-Germantown 138 kV GER
L-CYP31-Cypress-Arcadian 345 kV 10.8% from ADN 2661-Germantown-Bark River 138 kV 31.5% from GER
L-CYP31-Cypress-Arcadian 345 kV 16.6% from ADN 2661-Germantown-Bark River 138 kV GER
L-CYP31-Cypress-Arcadian 345 kV 10.8% from ADN 9911-Granville-Arcadian 345 kV 45.4% from GVL
L-CYP31-Cypress-Arcadian 345 kV ADN 9911-Granville-Arcadian 345 kV ADN

3.2.3 Results of Primary Fault Clearing During a Prior Qutage

Primary fault clearing under prior outage conditions simulated all of the events listed in Table
3.2.1 under the outages listed in Table 3.2.3.

Table 3.2.3 — Simulated Prior Outage Elements

Element Description
L1 Point Beach-Sheboygan Energy 345 kV Line
L121 Point Beach-Forest Junction 345 kV Line
L151 Point Beach-Fox River 345 kV Line
Q-303 Point Beach-Kewaunee 345 kV Line
R-304 Kewaunee-North Appleton 345 kV Line
16832 Fox River-North Appleton 345 kV Line
971L71 Fox River-Forest Junction 345 kV Line
L-SEC31 Sheboygan Energy -Granville 345 kV Line
L-CYP31 Cypress-Arcadian 345 kV Line
NAPL71 North Appleton-Wermner West 345 kV Line
971L51 Forest Junction-Cypress 345 kV Line
Y-311 North Appleton-Fitzgerald 345 kV Line
T10 Kewaunee 345/138 kV Transformer
POB 1-2, 2-3, 34, 4-5 Point Beach 345 kV Breakers 1-2, 2-3, 3-4, 4-5
FOX 1-2, 2-3, 3-4, 4-5, 5-6, 6-1 Fox River 345 kV Breakers 1-2, 2-3, 3-4, 4-5, 5-6, 6-1
SEC BT12, BT23, BT36, BT16 Sheboygan Energy 345 kV Breakers BT12, BT23, BT36, BT16
CYP BT16, BT12, BT56 Cypress 345 kV Breakers BT16, BT12, BT56
FJT 1-2, 2-3,4-5,5-6, 7-1 Forest Junction 345 kV Breakers 1-2, 2-3, 4-5, 5-6, 7-1
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Two events with generation instability were found for prior outage scenarios (Table C.3 in
Appendix C), which are
=  Fault on L121 (Point Beach-Forest Junction) under the outage of Point Beach 345 kV
breaker 2-3
= Fault on R-304 (North Appleton-Kewaunee) under the outage of 6832 (Fox River-North
Appleton) followed by a fault on R-304 (Kewaunee-North Appleton)

Both prior outage stability problems were not found with the addition of the proposed solution.
Until completion of the proposed solution, the following operating restrictions already
documented in the G833/4-J022/3 Interim Operation Re-study Report are required under the
prior outage conditions to eliminate the stability problems:
= (G2 at 600 MW (gross) under prior outage condition of 6832 (North Appleton-Fox River
345 kV line)
= Gl at 580 MW (gross) under prior outage condition of Point Beach Bus Tie 2-3

The existing stability problems, an R-304 fault with Q-303 out of service or a Q-303 fault with
R-304 out of service, can be eliminated by reducing Kewaunee generation. Based on the future
Kewaunee operating restrictions associated with the planned Kewaunee Bus Reconfiguration
Project (see Figure 1.1), angular stability will be maintained. This is an existing limitation that
will not be made better or worse by the addition of G833/4-J022/3 and their associated Network
Upgrades.

Table C.12 presents result for a three phase fault under the worst critical prior outage condition
at the new East Switching Station (Fix 2 in Appendix H, part of the proposed solution), which is
assumed to be a fault on the East-Cedarsauk 345 kV line under the outage of East-Granville 345
kV line. This is assumed to be the worst prior outage event because the outage of the East-
Granville 345 kV line results in the highest flow on the 345 kV lines out of the new East
substation, particularly on the East-Cedarsauk 345 kV line. The simulation provides the required
clearing times for the new switching station and did not identify any stability problems that
cannot be mitigated by the installation of 2 cycle 345 kV circuit breakers and high-speed
relaying. Additional simulation is not performed with the proposed solution since stability
response will only improve.

3.2.4 Results of Three-Phase Fault Delayed Clearing under Intact System Conditions

Delayed (breaker failure) 3-phase fault clearing under otherwise intact system was simulated for
the events listed in Table 3.2.4.

No stability problems were identified with the interim upgrades described in the G833/4-J022/3
Interim Operation Re-study Report which include relay upgrades at Point Beach, breaker
replacement at North Appleton and a breaker addition at Point Beach.

Table 3.2.4 — Simulated 3-Phase Faults Cleared in Delayed Time

Faulted Element Fauit Location Description
L111 Paint Beach 345 kV Point Beach-Sheboygan Energy 345 kV Line
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L151 Point Beach 345 kV Point Beach-Fox River 345 kV Line
Q-303 Point Beach 345 kV Point Beach-Kewaunee 345 kV Line
R-304 North Appleton 345 kV North Appleton-Kewaunee 345 kV Line
L121 Forest Junction 345 kV Forest Junction-Point Beach 345 kV Line
971L51 Forest Junction 345 kV Forest Junction-Cypress 345 kV Line
971L71 Forest Junction 345 kV Forest Junction-Fox River 345 kV Line
L151 Fox River 345 kV Point Beach-Fox River 345 kV Line
16832 Fox River 345 kV Fox River-North Appleton 345 kV Line
971L71 Fox River 345 kV Fox River-Forest Junction 345 kV Line
L1111 Sheboygan Energy 345 kV Point Beach-Sheboygan Energy 345 kV Line
L-SEC31 Sheboygan Energy 345 kV Sheboygan Energy-Granville 345 kV Line
L-CYP31 Cypress 345 kV Cypress-Arcadian 345 kV Line
971151 Cypress 345 kV Cypress-Forest Junction 345 kV Line
Q-303 Kewaunee 345 kV Point Beach-Kewaunee 345 kV Line
R-304 Kewaunee 345 kV Kewaunee-North Appleton 345 kV Line
KEWT10H Kewaunee 345 KV Kewaunee 345/138 kV Transformer

Table C.11 presents results for three phase faults with breaker failure at the new East Switching
Station (with Fix 2 in Appendix H, part of the proposed solution) for an otherwise intact system.
These simulations provide the required clearing times for the new switching station and did not
identify any stability problems that cannot be mitigated by the installation of 2 cycle 345 kV
circuit breakers and high-speed relaying. Additional simulation is not performed with the
proposed solution since stability response will only improve.

3.2.5 Point Beach Bus, Generator Step Up and Auxiliary Transformer Faults

3.2.5.1 Point Beach 345 kV Bus Fault Clearing

Table C.5 presents results for single-line-to-ground bus faults with breaker failure at Point Beach
using existing system clearing times. These simulations did not identify any Network Upgrades
or other required changes for G833/4-J022/3 for these faults.

3.2.5.2 Generator Step-Up (GSU) Transformer Fault Clearing (T1X01 and T2X01)

Tables C.6 and C.8 present results for single-line-to-ground (intact system with delayed clearing)
and three phase (primary clearing under N-1 conditions) GSU faults. Simulating these faults with
existing clearing times did not result in any generators going unstable. Therefore, there are no
upgrades necessary due to these faults.

3.2.5.3 Auxiliary Transformer Fault Clearing (T1X03 and T2X03)

Table C.7 presents results for single-line-to-ground (intact system with delayed clearing)
auxiliary transformer faults. Simulating these faults with existing clearing times did not result in
any generators going unstable. Therefore, there are no upgrades necessary due to these faults.

Table C.9 presents results for three phase (primary clearing under both intact and prior outage
conditions) T1X03 and T2X03 faults. Without the proposed solution, simulating these faults with
existing clearing times (i.e. 5.1 cycles) resulted in generators going unstable for various different
outages for T1X03 faults and for T2X03 faults. However, the stability problems were not found
with the addition of the proposed solution. Until the proposed solution in place, generator
stability can be maintained for all N-1 conditions if T1X03 clearing time is reduced to 4.0 cycles
and T2X03 clearing time is reduced to 4.0 cycles.
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3.2.6 Unit Outage

Unit outages were simulated for the events listed in Table 3.2.5. As shown in Table C.10 in
Appendix C, no stability problems were found for the three interim scenarios, and no cascading
failure was identified for the loss of these units.

Table 3.2.5 — Unit Outage

Unit Tripped
Point Beach G1
Point Beach G2
Point Beach G1 and G2
Kewaunee (most severe among the units near by Point Beach)

3.2.7 Stability Results Summary

The improvements in system stability required for G833/4-J022/3 are provided by the proposed
solution described in this report. It eliminates all of the stability problems created by G833/4-
J022/3. In addition, the proposed solution allows the wider MVAR operating range at Point
Beach and Kewaunee as described in Appendix H. More details can be found in Appendix H
which discusses alternatives to the proposed solution.

3.3 Short-Circuit & Breaker Duty Analysis Results

Although this project is to increase generation at an existing generator, the effect of the proposed
solution, changes in Point Beach generator impedance and GSU impedance will affect system
short circuit currents.

Fault currents with and without contribution from G833/4-J022/3 for three-phase and single line-
to-ground faults are given in Table D.1 in Appendix D. The corresponding Thevenin equivalent
impedances are given in Table D.2.

The minimum short circuit current at the G833/4-J022/3 POI bus occurs when Q-303 (Point
Beach-Kewanee), Point Beach G1 and G2 are not in service. The three-phase and single line-to-
ground fault currents for this weak source condition are also given in Table D.1.

Short circuit current analysis with the revised generator and GSU impedances as well as the
proposed solution showed that, for circuit breakers impacted by more than 1% (Table D.3), none
of these breakers were over-dutied due to the addition of G833/4-J022/3 and associated
upgrades. Therefore, no circuit breaker replacements due to increased fault currents are needed
for G833/4-J022/3 generator interconnection requests.

Although an over-dutied breaker is found at the low side of Edgewater T22, it is an existing
problem since it is already over-dutied prior to G833/4-J022/3. The over-dutied breaker will be
evaluated and replaced by ATC Asset Maintenance.

3.4 Deliverability Analysis Results
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Deliverability analysis was performed by MISO for these requests. No additional upgrades
beyond those discussed in the previous sections were identified to achieve Network Resource
Interconnection Service (NRIS).

NRIS certification does not guarantee a resource to serve a specific load or to operate during any

particular set of operating circumstances. Additionally, certification of deliverability makes no
guarantee as to price of available resources. Congestion charges may, in fact, be extremely high.
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Appendix A: Power Flow Analysis Results

American Transmission Company Page 38 0of 132 10/2/2009



G833/4-J022/3 ISIS Report

Table A.1 — Identified Thermal Violations Due to G833/4-J022/3
Summer Off-Peak 2013 (70% Load) Delivery to MISO for NERC Category A and B events (TDF>5%,)

Proposed Solution in Service, Competing

Wind Farms at 100% output

Existing | Required Lo ] Potential

Limiting Element Rating COn‘t”i’:"‘;fm . IS;: '"{_"if':;f“ Solution

MVA)'2 gency e Identified
Elkhart Lake-Saukville 138 kV line 88 SE 93 SE New East-Cedarsauk 345 kV line -1.2 No No?
lfr'l';ha” Lake-LauRd (GBT1) 138KV | g55e | 112SE | New East- Cedarsauk 345kVine | 4125 |  No Yess
New North-Point Beach Bus 1 345 kV 488 SE 754 SE New North-Point Beach 345 kV bus N/A Yes Yesb

line 2line

New East-Cedarsauk 345 kV line 653 SE 797 SE | New East-Granville 345 kV line N/A Yes No?

1.

W

Includes provision for 5% TRM. The required ratings are calculated using AC analysis in PSS/E dispatching
100% of power from G833/4-J022/3 to MISO.

SN = Summer Normal, SE = Summer Emergency

Local Special Protection Systems are included if designed to operate for NERC Category A or B events
Distribution factor was calculated assuming that Edgewater-Cedarsauk 345 kV line as the contingency
corresponding to New East-Cedarsauk 345 kV line. The line is limited by the existing line conductor (1-477 and
1-4/0 ACSR, 33.73 mile)

Distribution factor was calculated assuming that Edgewater-Cedarsauk 345 kV line as the contingency
corresponding to New East-Cedarsauk 345 kV line. The line will be uprated to 112 MVA per G611/G927 G-T
interconnection. It is limited by the existing line conductor (4/0 ACSR, 28.9 mile: Forest Junction-Elkhart Lake)
The line will be uprated to 1095 MVA (1834 A) per ATC Project PR03208. Estimated in-service date is
4/25/2010

Portion (~24 miles) of the existing line 796141 (~33.3 miles) going southerly to Cedarsauk 345 kV line needs to
be uprated to achieve at least 997 MV A SE (required for new East Switching Station option-Fix 2). The existing
line rating is limited by the line clearance (2156 ACSR @ 129F).

Table A.2 — Identified Thermal Violations Due to G833/4-J022/3

Summer Peak 2013 (100% Load) Delivery to MISO for NERC Category A and B events (TDF>5%,)

Proposed Solution in Service, Competing Wind Farms at 20% Qutput

Existing | Required Lo Potential
Limiting Element Rating Rating COnY;I:rz:\c 3 1('2‘; lnﬁﬁ;fn Solution
(MVA) | (MVA)12 gency ° Identified
Ir;l::v North-Point Beach Bus 1 345 kV 488 SE 678 SE New North-Point I(;zach 345kV bus 2 N/A Yes Yest

1.

2.
3.

American Transmission Company

Includes provision for 5% TRM. The required ratings are calculated using AC analysis in PSS/E dispatching
100% of power from G833/4-3022/3 to MISO.

SN = Summer Normal, SE = Summer Emergency

Local Special Protection Systems are included if designed to operate for NERC Category A or B events

The line will be uprated to 1095 MVA (1834 A) per ATC Project PR03208. Estimated in-service date is
4/25/2010
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Table A.3 — Identified Voltage Violations Due to G833/J022 and G834/J023
Summer Off-Peak 2013 (70% Load) Delivery to MISO for NERC Category A & B events (4V > 0.1
p.u.), Proposed Solution in Service, Competing Wind Farms at 100% output

Voltage (p.u.)

Lo Potential
Limiting Worst ;
< Pre Post AV [p.u) Solution
Element Contingency G833/4- | G834 Identified
402213 J022/3

None Identified

Table A.4 — Identified Voltage Violations Due to G833/J022 and G834/J023
Summer Peak 2013 (100% Load) Delivery to MISO for NERC Category A & B events (4V > 0.1 p.u.),
Proposed Solution in Service, Competing Wind Farms at 20% output

Voltage (p.u.)

Worst Potential
Limiting Element ; Pre Post AV (p.u) Solution
Contingency G833/4- | G833/4- Identified

J022/3 J022/3

None ldentified
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Table A.5 — Voltage Measurements at the Point Beach 345-kV Substation with Proposed Solution,
Summer 2013 Peak Load with Selected Contingencies'

Without and With Minimum Excitation Limits

Voltage?(p.u.) MVAR output (Gross)
Contingency Point Point Point Point Point Point Point
Beach Beach Beach Beach Beach Beach G1 | Beach G2
Bus #1 Bus #2 Bus #3 Bus #4 Bus #5
Intact System 10203 10203 1.0203 1.0203 10203 64.62 64.62
Point Beach BS 2-3 1.0203 10203 10203 10203 1.0203 81.95 35.02
Point Beach BS 2~ New North 345-kV 1.0203 1.0203 10203 1.0203 1.0203 65.48 65.48
Line 121
Point Beach BS 1-2 1.0168 10203 1.0203 1.0203 10203 62.04 62.04
Point Beach BS 4-53 10203 1.0203 10203 1.0203 10224 72.05 72.05
Point Beach BS 3-4 1.0203 10203 10203 1.0203 10203 77.15 7401
Point Beach Bfige’gx River 345-kV 10203 1.0203 1.0203 10203 10203 73.11 7311
Forest Junction — Fox River 345-kV 1.0202 1.0203 1.0203 1.0203 1.0203 83.48 83.48
Line 971L71
Point Beach Bi;jﬂ” North 345-kV 1.0203 1.0203 10203 1.0203 1.0203 64.85 64.35
Point Beach BS 3 - Kewaunee 345-kV 10203 10203 10203 10203 1.0203 75.68 75.68
Line Q-303
Forest Junction -~ Cypress 345-kV 10203 1.0203 1.0203 10203 10203 69.67 69.67
Line 971L51
Forest Junction 345/138-kV 10203 1.0203 1.0203 1.0203 1.0203 58.27 58.27
Transformer T1
Forest Junction 345/138-kV 1.0203 10203 1.0203 1.0203 1.0203 58.27 58.27
Transformer T2
Fox River —N. Appleton 345-kV 10203 1.0203 1.0203 1.0203 1.0203 64.53 64.53
Line 6832
Sheboygan Energy — New East 345-kV
LS Ca North 10202 1.0203 1.0203 1.0203 1.0203 74.75 74.75
Fox Energy Center Unit CT 1 1.0203 1.0203 1.0203 1.0203 1.0203 63.16 63.16
Fox Energy Center Unit CT 2 1.0203 1.0203 1.0203 1.0203 1.0203 63.17 63.17
Fox Energy Center Unit ST 10203 1.0203 1.0203 10203 10203 62.63 62.63
Sheboygan Energy Center Unit #1 1.0203 1.0203 1.0203 1.0203 1.0203 72.96 72.96
Sheboygan Energy Center Unit #2 1.0203 1.0203 1.0203 1.0203 1.0203 72.96 72.96
Point Beach Unit #14 1.0203 10203 1.0203 1.0203 1.0203 0 7216
Point Beach Unit #25 10203 1.0203 1.0203 1.0203 10203 72.16 0
Kewaunee G1 10203 10203 1.0203 1.0203 1.0203 66.29 66.29
Point Beach Units #1 & #25 1.0194 1.0194 1.0194 1.0194 1.0195 0 0
American Transmission Company Page 41 of 132 10/2/2009




(G833/4-J022/3 ISIS Report

1. Included for Interconnection Customer’s defined voltage levels:
a. Preferred: 352-kV to 354-kV
b. Normal: 351-kV to 358-kV
¢. Maximum Permissible: 348.5-kV to 362-kV, any voltage outside of the Maximum Permissible range
would be identified in Table A.3 as a Voltage Violation

2. The planning case used models both Point Beach units as regulating the respective POI bus voltage at the Point
Beach substation to 1.0203 p.u. (352 kV).

3. Point Beach Bus Section #5 is isolated from both Point Beach generating units for this contingency. The
planning case used models the T2X03 345/13.2-kV transformer isolated at this bus with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus.

4, This contingency is intended to model the emergency trip of Point Beach Unit #1. Assumes the 13.2-kV bus is
split, separating the auxiliary loads. Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus and Transformer T2X03 is connected to Bus Section #5 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and 13.9
MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

5. This contingency is intended to model the emergency trip of Point Beach Unit #2. Assumes the 13.2-kV bus is
split, separating the auxiliary loads. Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus and Transformer T2X03 is conuected to Bus Section #5 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and 13.9
MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

6. This contingency is intended to model an emergency dual unit trip modeled by the outage of each Point Beach
generating unit, but maintaining the auxiliary load connection to the transmission system. Transformer T1X03
is connected to Bus Section #1 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV bus and Transformer
T2X03 is connected to Bus Section #5 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV bus. Both generator
Auxiliary loads are fed from their generator GSUs (23.4 MW and 13.9 MVAR each) and do not trip and are not
moved. The Control Area replacement power was imported from TVA.
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Table A.6 — Voltage Measurements at the Point Beach 345-kV Substation with Proposed Solution,
Summer 2013 Off-Peak Load with Selected Contingencies’
ithout and With Minimum Excitation Limits

Voltage?(p.u.)

MVAR output (Gross)

i Point Point Point Point Poin . .
Contingency 0 t Point Point
Beach G1 | Beach G2
Intact System 10202 10203 1.0203 1.0203 1.0203 114.61 114,61
Point Beach BS 2-3 10202 10203 1.0203 1.0203 1.0202 138.22 80.31
Point Beach BS 2 - New North 345-kV 1.0201 10203 1.0203 1.0203 1.0202 113.99 113.99
Line 121
Point Beach BS 1-2 10113 1.0203 10203 1.0203 1.0202 109.49 109.49
Point Beach BS 4-53 10202 10203 10203 1.0203 10136 110.13 110.13
Point Beach BS 3-4 10202 10203 10203 10203 10202 148.05 112.96
Point Beach BS 5 - Fox River 345-kV 10202 10203 1.0203 1.0203 1.0203 114.68 114,68
Line 151
Forest Junction ~ Fox River 345-kV 1.0202 1.0203 10203 1.0203 1.0203 117.67 17.67
Line 971L.71
Point Beach B‘Eﬂ; 1N161W North 345-kV 10203 10203 10203 1.0203 1.0202 113.00 113.00
Point Beach BS 3 - Kewaunee 345-kV 1.0202 10203 10203 1.0203 1.0203 117.99 117.99
Line Q-303
Forest Junction ~ Cypress 345-kV 10202 10203 1.0203 1.0203 1.0202 120,07 120.07
Line 971L51
Forest Junction 345/138-kV 10202 1.0203 1.0203 1.0203 1.0203 107.62 107.62
Transformer T1
Forest Junction 345/138-kV 10202 1.0203 10203 1.0203 1.0203 107.62 107.62
Transformer T2
Fox River —N. Appleton 345-kV 10202 10203 1.0203 1.0203 1.0203 107.89 107.89
Line 6832
Sheboygan Energy — New East 345-kV
o 31 Nortn 1.0202 10203 1.0203 1.0203 10202 114.03 114,03
Fox Energy Center Unit CT 1 N/A N/A N/A N/A N/A N/A N/A
Fox Energy Center Unit CT 2 N/A N/A N/A N/A N/A N/A N/A
Fox Energy Center Unit ST NIA N/A N/A N/A NIA N/A N/A
Sheboygan Energy Center Unit #1 1.0202 1.0203 1.0203 1.0203 1.0202 127.41 127.41
Sheboygan Energy Center Unit #2 N/A N/A N/A N/A N/A N/A N/A
Point Beach Unit #14 1.0202 10203 1.0203 1.0203 10203 0 149.52
Point Beach Unit #25 10202 10203 10203 10203 10203 149.52 0
Kewaunee G1 1.0202 1.0203 1.0203 1.0203 1.0203 93.72 93.72
Point Beach Units #1 & #28 1.0178 1.0178 1.0178 1.0178 1.0178 0 0
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1. Included for Interconnection Customer’s defined voltage levels:
a. Preferred: 352-kV to 354-kV
b. Normal: 351-kV to 358-kV
c. Maximum Permissible: 348.5-kV to 362-kV, any voltage outside of the Maximum Permissible range
would be identified in Table A.3 as a Voltage Violation

2. The planning case used models both Point Beach units as regulating the respective POI bus voltage at the Point
Beach substation to 1.0203 p.u (352 kV).

3. Point Beach Bus Section #5 is isolated from both Point Beach generating units for this contingency. The
planning case used models the T2X03 345/13.2-kV transformer isolated at this bus with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus.

4. This contingency is intended to model the emergency trip of Point Beach Unit #1. Assumes the 13.2-kV bus is
split, separating the auxiliary loads. Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus and Transformer T2X03 is connected to Bus Section #5 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and 13.9
MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

5. This contingency is intended to model the emergency trip of Point Beach Unit #2. Assumes the 13.2-kV bus is
split, separating the auxiliary loads. Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus and Transformer T2X03 is connected to Bus Section #5 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and 13.9
MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

6. This contingency is intended to model an emergency dual unit trip modeled by the outage of each Point Beach
generating unit, but maintaining the auxiliary load connection to the transmission system. Transformer T1X03
is connected to Bus Section #1 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV bus and Transformer
T2XO03 is connected to Bus Section #5 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV bus. Both generator
Auxiliary loads are fed from their generator GSUs (23.4 MW and 13.9 MVAR each) and do not trip and are not
moved. The Control Area replacement power was imported from TVA.

7. Fox Energy Center Units and Sheboygan Energy Center Unit #2 are off-line in the study case.
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Table A.7 — Identified Thermal Violations under select NERC Category C.3 events’
(TDF>5%), Summer Off-Peak 2013 70% Load Delivery to MISO with Proposed Solution,
Competing Wind Farms at 100% output

Co Existing | Required Potential

lE-'I't:‘rlr:g:\gt Rating | Rating®! Doublev(‘:’g;i:ngency (%) solution

(MVA) _ (MvA) Identified
Cypress-Arcadian 345 kV line 488 SE 559 SE N/A No*
Lau Rd (G611)-Eikhart Lake 138 kV line 96 SE 144 SE N/A No®
. . New East-Granville 345 kV line 6

Elkhart Lake-Saukville 138 kV line 88 SE 122 SE New East-Cedarsauk 345 KV line N/A No

New East-Holland 138 kV line 283 SE 330 SE N/A No?
Holland-Charter Steel 138 kV line 283 SE 296 SE N/A Not
Granville 345/138 KV transformer T3 A78SE | 541SE Cypress-Arcadian 345 kV line 107 | Noo

Granville 345 kV bus tie 1-2
New North-Point Beach bus 1 345 kV
. ) line
New North-Point Beach bus 2 345 kV line 883 SE 965 SE Point Beach 345 KV bus tie 4-5 or N/A No10
Point Beach-Fox River 345 kV line
New North-Point Beach bus 2 345 kV
New North-Point Beach bus 1 345 kV line 488 SE 985 SE line N/A Not?
Point Beach-Fox River 345 kV line

New North-Sheboygan Energy Center 345 New North-New East 345 kV line
kV line 488 SE 608 SE Cypress-Arcadian 345 kV line

N/A No'2

New East-Granville 345 kV line

New East-Cedarsauk 345 kV line 653 SE 960 SE Cypress-Arcadian 345 kV line

N/A No®

1. NERC Category C.3 events studied are limited to the concurrent outage of two elements without
manual system adjustments between outages. The transmission elements studied are local 345-kV
and 138-kV facilities determined relevant based on engineering judgment.

2. Includes provision for 5% TRM. The required ratings are calculations using AC analysis in PSS/E
dispatching G833/J022 and G834/J023 to all MISO generation.

3. SE = Summer Emergency

4, The line will be uprated to at least 572 MVA as part of G833/4-J022/3 interim upgrades. Whether
additional 12 MVA is achievable without any significant constraints needs to be confirmed with
Project Team. Generation redispatch using local generators would address the issue.

S.  Generation redispatch using local generators would address the issue. The line will be uprated to
112 MVA per G611/G927 G-T interconnection. Generation redispatch using local generators
would address the issue. It is limited by the existing line conductor (4/0 ACSR, 28.9 mile: Forest
Junction-Elkhart Lake).

6. Generation redispatch using local generators would address the issue. It is limited by the existing
line conductor (1-477 and 1-4/0 ACSR, 33.73 mile)

7. Generation redispatch using local generators would address the issue. It is limited by the existing
line conductor (1033.5 at 167F, approximate length from new East substation to Holland: 8.2
miles)

8. Generation redispatch using local generators would address the issue. It is limited by the existing
line conductor (1033.5 at 167F, length: 15 miles)

9. Generation redispatch using the local generators would address the issue. It is limited by the
transformer (504 MVA SE) and equipment associated with the transformer. The bus tie outage is
not considered as NERC Category B contingency, but it is listed in the table for informational

purpose.
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10.

I1.

12.

13.

Generation redispatch using local generators or taking the bus tie out of service during Point
Beach generation refueling outage window would address the issue. It is limited by the portion of
the existing line conductor (1-2156 ACSR, approximate length: 21 mile). The bus tie outage is not

considered as NERC Category B contingency, but it is listed in the table for informational purpose.

The line will be uprated to 1095 MVA (1834 A) per ATC Project PR03208. Estimated in-service
date is 4/25/2010. The bus tie outage is not considered as NERC Category B contingency, but it is
listed in the table for informational purpose.

The line will be uprated to 1095 MVA (1834 A) per ATC Project PR03208. Estimated in-service
date is 4/25/2010. The bus tie outage is not considered as NERC Category B contingency, but it is
listed in the table for informational purpose.

Portion (~24 miles) of the existing line 796L41 (~33.3 miles) going southerly to Cedarsauk 345
kV line needs to be uprated to achieve at least 997 MVA SE (required for new East Switching
Station option). The existing line rating is limited by the line clearance (2156 ACSR @ 129F)
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Table A.8 — Identified Thermal Violations under select NERC Category C.3 events'
(TDF>5%), Summer Peak 2013 100% Load Delivery to MISO with Proposed Solution,
Competing Wind Farms at 20% output

Lo Existing | Required Potential
t‘,‘:,:;"nﬁ Rafing | Rating Doublevgg:astitngency Soldtion
(MVA) | (MVA) Identified
Forest Junction-Fox River 345 KV line 1006 SE | 1200sE | North Appleton-Fox River 345 kVline | 4 Not

Point Beach 345 kV bus tie 3-4

North Appleton-Kewaunee 345 kV

Kewaunee-East Krok 138 kV line 287 SE 306 SE line 58 No®
Point Beach 345 kV bus tie 2-3
New North-Point Beach bus 2 345 kV

. . line 6
New North-Point Beach bus 1 345 kV line 488 SE 889 SE North Appleton-Kewaunee 345 kV N/A No
line
New East-Cedarsauk 345 kV line 653SE | 689sE | New EastGranville 345 kV fine N/A No?

Cypress-Arcadian 345 kV line

1. NERC Category C.3 events studied are limited to the concurrent outage of two elements without manual
system adjustments between outages. The transmission elements studied are local 345-kV and 138-kV
facilities determined relevant based on engineering judgment.

2. Includes provision for 5% TRM. The required ratings are calculations using AC analysis in PSS/E

dispatching G833/J022 and G834/J023 to all MISO generation.

SE = Summer Emergency

4. Generation redispatch using local generators or taking the bus tie out of service during Point Beach

generation refueling outage window would address the issue. It is limited by the portion of the existing line

conductor (1-2156 ACSR, 11.32 mile). The bus tie outage is not considered as NERC Category B

contingency, but it is listed in the table for informational purpose.

Generation redispatch using local generators would address the issue. It is limited by the terminal equipment.

6. The line will be uprated to 1095 MVA (1834 A) per ATC Project PR03208. Estimated in-service date is
4/25/2010.

7. Portion (~24 miles) of the existing line 796L41 (~33.3 miles) going southerly to Cedarsauk 345 kV line
needs to be uprated to achieve at least 997 MVA SE (required for new East Switching Station option). The
existing line rating is limited by the line clearance (2156 ACSR @ 129F)

(8]

w
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Table A.9 — Identified Thermal Violations under select NERC Category C.5 events’
(TDF>5%), Summer Off-Peak 2013 70% Load Delivery to MISO with Proposed Solution,
Competing Wind Farms at 100% output

Existing Required ’ Potential

Lo b s Worst TDF H

Limiting Rating Rating?? : Solution
MVA) (MVA) Double Contingency (%)

Lau Rd (G611)-Elkhart Lake 138 kV line 96 SE 120 SE Holland-Charter Steel-Saukville 138 2.9 No#

Element Identified
New East-Cedarsauk 345 kV line

kV line

Elkhart Lake-Saukville 138 kV line 88 SE 100 SE Holland-Charter Steel- Saukville 138 0.5 No®

New East-Cedarsauk 345 kV line

kVline

New East-Cedarsauk 345 kV line 653 SE 688 SE Germantown-Maple-Saukville 138 kV N/A No®

Cypress-Arcadian 345 kV line

line

L.

NERC Category C.5 events studied are limited to the simultaneous outage of any two circuits of a
multi-circuit towerline. The transmission elements studied are local 345-kV and 138-kV facilities
determined relevant based on engineering judgment.

Includes provision for 5% TRM. The required ratings are calculations using AC analysis in PSS/E
dispatching G833/J022 and G834/J023 to all MISO generation

SE = Summer Emergency

Distribution factor was calculated assuming that Edgewater-Cedarsauk 345 kV line as the contingency
corresponding to New East-Cedarsauk 345 kV line. Generation redispatch using local generators would
address the issue. The line will be uprated to 112 MVA per G611/G927 G-T interconnection. Generation
redispatch using local generators would address the issue. It is limited by the existing line conductor (4/0
ACSR, 28.9 mile: Forest Junction-Elkhart Lake).

. Distribution factor was calculated assuming that Edgewater-Cedarsauk 345 kV line as the contingency

corresponding to New East-Cedarsauk 345 kV line. Generation redispatch using local generators
would address the issue. It is limited by the existing line conductor (1-477 and 1-4/0 ACSR, 33.73
mile).

Generation redispatch using local generators would address the issue. Portion (~24 miles) of the
existing line 796L41 (~33.3 miles) going southerly to Cedarsauk 345 kV line needs to be uprated to
achieve at least 997 MVA SE (required for new East Switching Station option). The existing line
rating is limited by the line clearance (2156 ACSR @ 129F).

Table A.10 - Identified Thermal Violations under select NERC Category C.5 events’
(TDF>5%), Summer Peak 2013 100% Load Delivery to MISO with Proposed Solution,

Competing Wind Farms at 20% output
Existing Required Potential
L ; s Worst 10F ;
Element MVA MVA Double Contingency (%) | identified

None identified

1.

NERC Category C.5 events studied are limited to the simultaneous outage of any two circuits of a
multi-circuit towerline. The transmission elements studied are local 345-kV and 138-kV facilities
determined relevant based on engineering judgment.
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Table A.11 — Identified Voltage Violations under select NERC Category C.5 events'
Summer Off-Peak 2013 70% Load Delivery to MISO, with Proposed Solution, Competing Wind
Farms at 100% output

Limiting
Element

Voltage (p.u.)
M‘Iorst ; Pre Post
Contingency G833/4- G833/4-
J022/3 J022/3

AV (p.u)

Potential
Solution
|dentified

None Identified

1. NERC Category C.5 events studied are limited to the simultaneous outage of any two circuits of a
multi-circuit towerline. The transmission elements studied are local 345-kV and 138-kV facilities
determined relevant based on engineering judgment.

Table A.12 — Identified Voltage Violations under select NERC Category C.5 events’
Summer Peak 2013 100% Load Delivery to MISO, with Proposed Solution, Competing Wind
Farms at 20% output

Limiting
Element

|

Voltage (p.u.)
. \f!orst . Pre Post
ontingency GB33/4- G833/4-
J02213 J022/3

None Identified

AV (p.u.)

Potential
Solution
identified

1. NERC Category C.5 events studied are limited to the simultaneous outage of any two circuits of a
multi-circuit towerline. The transmission elements studied are local 345-kV and 138-kV facilities
determined relevant based on engineering judgment.
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Table A.13 — Maximum Allowable Generation for G833/J022 and G834/J023, With Stability
Upgrades, Without Thermal Upgrades for Injection Limits

Limiting Element SR L AL i ATC Plannad ari
gaiey P Proposed Projects? (MW)
; ; MISO Summer Peak and Off-
New No.rth-Pomt Beach Bus 1 New North-P0|.nt Beach Peak 2013, 70% and 100% 118 MW2
345 kV line 345 kV bus 2 line
Loads

New East-Cedarsauk 345 kV New East-Granville 345 MISO Summer Off-Peak 0 MW
line kV line 2013, 70% Load

1. Study models are built based on the MISO DPP Cycle 2 models (April 2009 Versions)

2. Planned and Proposed projects from the latest ATC Ten Year Assessment report
(http://www.atc 1 Oyearplan.cony/).

3. Max output allowed with the planned ATC Project PR03208 in-service line. It uprates Line
L111to 1095 MVA (1834 A). Estimated in-service date is 4/25/2010.
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Appendix B: Operation Restrictions
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Table B.1 — Summary of Identified Generation Restrictions due to Stability Constraints
(With New Kewaunee substation, With Proposed Solution in service, With Minimum Excitation
Limits at Point Beach and Kewaunee)

None
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Appendix C: Stability Analysis Results
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K or KEW:
P or POB:
S or SEC:
F or FOX:
NAP:
GVL:
CcYp:
ADN:

FJT

TH:

L111:

L121:
Q-303:
L151:
R-304:
NAPLT1:
CYP31:
6832:
T10:
SEC31:

Nomenclature

Kewaunee

Point Beach (P1 and P2)
Sheboygan Energy Center
Fox Energy

North Appleton

Granville

Cypress

Arcadian

Forest Junction

Thilmany

::::‘i;nt Beach-Sheboygan Energy Center 345 kV
Point Beach-Forest Junction 345 kV line

Point Beach-Kewaunee 345 kV fine

Point Beach-Fox Energy 345 kV line
Kewaunee-North Appleton 345 kV line

North Appleton-Werner West 345 kV line
Cypress-Arcadian 345 kV line

North Appleton-Fox Energy Center 345 kV line
Kewaunee T10 345/138 kV transformer
Sheboygan Energy Center-Granville 345 kV line
High side

Kewaunee T10 High side

Kewaunee T10 Low side

Point Beach bus tie xy

North Appleton-Fitzgerald 345 kV line

Critical Clearing Time

Note: The simulated clearing times and critical clearing times (CCT) noted in Appendix C

contains planning margin described in Section 3.2
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Table C.1 — Stability Results for Faults Clearing in Primary Time under Intact System Conditions
(With G833/4-J022/3, With New Kewaunee substation, Without Proposed Solution)

Event Element Fault Faulted End Remote Remote End Event Simulated
High Generation Low Generation

File Faulted Location Breakers Location Breakers Notes Clearing
FItPOBSEC L111 POB 111 SEC 1-2,1-6 No SPS 4.5/45
FItPOBFJT L121 POB 121,123 FJT 1-2,2-3 4.5/4.5
FItPOBFOX L151 POB 151 FOX 2-3,34 No SPS 4.5/4.5
FItPOBKEW Q-303 POB Q-303 KEW Q-303 New 1and 2 No SPS 45/4.5
FItKEWPOB Q-303 KEW Q-303 New 1and 2 POB Q-303 4.5/4.5
FItKEWNAP R-304 KEW R-304 New 1and 2 NAP R-304 4.5/6.5
FItFOXPOB L151 FOX 2-3,34 POB 151 4.5/45
FItFOXNAP L6832 FOX 1-2, 6-1 NAP 34-3, 34-4, 454, 67-6 4.5/4.5
FItFOXFJT 971L71 FOX 4-5, 5-6 FJT 5-6, 7-1 45/4.5
FItSECPOB L111 SEC 1-2,1-6 POB 111 4.5/4.5
FItSECGVL L-SEC31 SEC 1-2,3-6 GVL L-SEC31 4.5/6.5
FItCYPADN L-CYP31 CYP 12,56 ADN L-CYP31 4.5/4.5
FItKEWXFH T10 KWH T10 High Side KWL T10 Low Side 5.5/5.5
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Table C.2 - Stability Results for Double Circuit Single Line-to-Ground Faults
Cleared in Primary Time under Intact System Conditions
(With G833/4-J022/3, With New Kewaunee substation, Without Proposed Solution)

Ev_ent Fault Fault #1 Fault Fault #2 Sci;lr:g;:;d
File #1 Location #2 Location firia
DC3-111-971K51-1 L111 - Point Beach-Sheboygan 345 kV 38.5% from POB | 971K51 - Forest Junction-Howard's Grove 138 kV |  33.9% from FJT 6.5/6.5
DC3-111-971K51-2 L111 - Point Beach-Sheboygan 345 kV 16.3% from SEC | 971K51 - Forest Junction-Howard's Grove 138 kV | 6.3% from HOG 6.5/6.5
DC3-111-HOLG21-1 L111 - Point Beach-Sheboygan 345 kV SEC HOGL21 - Howard's Grove-Holland 138 kV 76.9% from HOL 6.5/6.5
DC3-111-HOLG21-2 L111 - Point Beach-Sheboygan 345 kV 15.7% from SEC HOGL21 - Howard's Grove-Holland 138 kV 31.4% from HOG 6.5/6.5
DC3-121-971K51-1 L121-Pt. Beach-Forest Junction 345 kV FJT 971K51 - Forest Junction-Howard's Grove 138 kV FJT 6.5/6.5
DC3-121-971K51-2 L121-Pt. Beach-Forest Junction 345 kV 42.3% from FJT | 971K51 - Forest Junction-Howard's Grove 138 kV | 33 9% from FJT 6.5/6.5
DC3-SEC31-3431-1 L-SEC31 - Sheboygan-Granville 345 kV GVL 3431 - Granville-Saukville 345 kV GVL 7.5/7.5
DC3-SEC31-3431-2 L-SEC31-Sheboygan-Granville 345 kV 26.7% from GVL 3431 - Granville-Saukville 345 kV 25.3% from SAU 75175
DC3-SEC31-8231-1 L-SEC31-Sheboygan-Granville 345 kV 43.5% from GVL 8231 - Saukville-Barton 138 kV 36.4% from BRT 7575
DC3-SEC31-8231-2 L-SEC31-Sheboygan-Granville 345 kV 48.3% from GVL 8231 - Saukville-Barton 138 kV 36.4% from SAU 75175
DC3-9932-2642-1 L- CYP31 - Cypress-Arcadian 345 kV 32.0% from ADN 2642 - Saukville-Germantown 138 kV 34.2% from SAU 7515
DC3-9932-2642-2 L- CYP31 - Cypress-Arcadian 345 kV 16.6% from ADN 2642 - Saukville-Germantown 138 kV GER 7515
DC3-9932-2661-1 L- CYP31 - Cypress-Arcadian 345 kV 10.8% from ADN 2661 - Germantown-Bark River 138 kV 31.5% from GER 8.5/8.5
DC3-9932-2661-2 L- CYP31 - Cypress-Arcadian 345 kV 16.6% from ADN 2661 - Germantown-Bark River 138 kV GER 8.5/85
DC3-9932-9911-1 L- CYP31 - Cypress-Arcadian 345 kV 10.8% from ADN 9911 - Granville-Arcadian 345 kV 45.4% from GVL 75175
DC3-9932-9911-2 L- CYP31 - Cypress-Arcadian 345 kV ADN 9911 - Granville-Arcadian 345 kV ADN 75115
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Table C.3 — Stability Results for 3-Phase Faults Cleared in Primary Time under Prior Outage Condition Units Tripping

Note: Among various contingencies evaluated, only faults with stability issues are listed in Table C.3.

(With G833/4-J022/3, With New Kewaunee substation, With and Without Proposed Solution)

Primary Clearing Time, Prior Outage: 6832 (Fox Energy-North Appleton 345 kV line)

* Stable at 4.5/4.5 with G2 restricted to 600 MW gross (G2 restriction 600 MW gross with R-304 breaker at NAP replaced)
** 4.5 cycles at remote end achieved by R-304 breaker replacement at North Appleton as documented in the G833/4-J022/3 Interim Operation Re-study Report

High Generation Low Generation
; ’ With New With
Event Element Fault Faulted End Remote Remote End | Event | Simulated | Without New ng\WI;lt‘e:mr‘Egast \Agmgp?;id Without New East Proposed
File Faulted Location Breakers Location Breakers | Notes { Clearing East Station 1) East Switching solution (Fix
Switching (4.504.5 (4.504.5" Switching Station 11)
Station cycl.e téste d) cyclé te.ste d) Station (4.5/4.5** (4.5/4.5"
cycle tested) | cycle tested
FKEWNAP |  R-304 kew [ 308 New NAP R-304 45065

Primary Clearing Time, Prior Outage: POB 2-3 (Point Beach 345 kV bus tie 2-3)

High Generation

Low Generation

Event Element Fault Faulted End Remote Remote End | Event | Simulated Without
File Faulted Location Breakers Location Breakers | Notes | Clearing New East
Switching
Station
FItPOBFJT L121 POB 121,123 FJT 1-2,2-3 4.5/4.5
*To be stable at 4.5/4.5, G1 needs to be restricted to 580 MW gross
**To be stable at 4.5/4.5, G1 needs to be restricted to 620 MW gross
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Table C.4 — Stability Results for 3-Phase Faults Cleared in Delayed (Breaker Failure) Time under Intact Conditions, Units Tripping
(With G833/4-J022/3, With New Kewaunee substation, Without Proposed Solution)

Intact System Breaker Failure Events - April 2011 and beyond, W/ new Kewaunee Substation

Event Element Fault Remote Event Simulated High Gen Low Gen
File Faulted Location Location Notes clearing time Existin 3.5/9.5/4.5 Existin 3.5/9.5/4.5 3.5/9.25/4.5 3.5/9.0/4.5
BFIPOBSEC L111 POB SEC T1X03 Tripped, Aux Moved 3.5/10.0/4.5
BFIPOBFOX L151 POB FOX T2X03 Tripped, Aux Moved 3.5/10.0/4.5
BFIPOBKEW Q-303 POB KEW Future: Delay POB Split, No T10 Trip 3.5/10.0/4.5
BFIKEWPOB Q-303 KEW POB Delay KEW T10 Trip 35/10.04.5
BFIKEWNAP2 R-304 KEW NAP Delay KEW T10 Trip 3.5M10.0/6.5
BFIKEWXFH2 KEW T10 KWH KWL Future (Existng No BF possible) 35/10.0/45
BFINAPKEW2 R-304 NAP KEW Split NAP Primary, Transformer Trip BF 5.5/14.25/4.5
BFIFJTPOB L121 FJT POB Trips Transformer 35/10.5/4.5
BFIFJTCYP 971L51 FJT CYp Trips Line 971L71 3.5/10.5/4.5
BFIFJTFOX 971171 FIT FOX Trips Line 971L51 35105045
BFIFOXPOB2 L151 FOX (2) POB BF Trips Fox Unit 1 3.5/10.5/4.5
BFIFOXNAP2 L6832 FOX (2) NAP BF Trips Fox Unit 2 3.5/10.0/4.5
BFIFOXFJT2 971L71 FOX (2) FJT BF Trips Fox Unit 2 3.5/10.0/4.5
BFISECPOB!1 L111 SEC (1) POB Do Not Trip Gen (worst case) 3.5/10.5/4.5
BFISECGVL1 L-SEC31 SEC (1) GVL Do Not Trip Gen (worst case) 3.5/10.5/6.5
BFICYPADN L-CYP31 CYP ADN Trips CYP Units 3.5/10.5/4.5
BFICYPFJT 971L51 CYP FJT Trips CYP Units 3.5/10.5/4.5

* 8.0 cycle clearing time will be achieved by relay upgrades scheduled for 2011 (see the G833/4-J022/3 Interim Operation Re-Study Report).

** The fault will be cleared in primary time due to a breaker addition in series with Q-303 scheduled for 2011 (see the G833/4-J022/3 Interim Operation Re-Study Report). Breaker failure is not possible with the upgrade.
*** According to protection, breaker failure clearing time will become 8.5 cycles with the planned Kewaunee bus reconfiguration project in-service. In addition, R-304 breaker at North Appleton will be replaced by 2010 (see

the G833/4-J022/3 Interim Operation Re-Study Report)
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Table C.5 — Stability Results for Point Beach Bus Single Line-to-Ground Faults Cleared in Delayed Time under Intact Conditions
(With G833/4-J022/3, With New Kewaunee substation, Without Proposed Solution)

| Bl | S| o | Lowcen
POB Bus 1 POB-SEC 4.75/24.5
POB Bus 1 POB Bus 1-2 4.75/12.5
POB Bus 2 POB Bus 2-1 4.75/12.5
POB Bus 2 POB Bus 2-3 4.75/12.5
POB Bus 3 POB Bus 3-2 4.75/12.5
POB Bus 3 POB-KEW 4.75/12.5
POB Bus 3 POB Bus 34 4.75/12.5
POB Bus 4 POB Bus 4-3 4.75/12.5
POB Bus 4 POB Bus 4-5 4.75/12.5
POB Bus 5 POB Bus 5-4 4.75/12.5
POB Bus 5 POB-FOX 4.75/24.5
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Table C.6 — Stability Results for GSU Single Line-to-Ground Faults Cleared in Delayed Time under Intact Conditions, Units Tripping
(With G833/4-J022/3, With New Kewaunee substation, Without Proposed Solution)

POB GSU BF Faults
Breaker
Fault Failure Simulated .
Location Element Clearing High Gen o Gon
tripped

POB Unit 1 GSU POB Bus 2 4.5/13.5/14.0*

POB Unit 2 GSU POB Bus 4 45/13.5
* - Primary Clearing Time/Bus Breaker Failure Time/Line Breaker Failure Time (GSU #1 Only)
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Table C.7 — Stability Results for Auxiliary Transformer High Side Single Line-to-Ground Faults Cleared in Delayed Time under Intact
Conditions, Units Tripping

(With G833/4-J022/3, With New Kewaunee substation, Without Proposed Solution)

Faulted Breaker Failure High Gen Low Gen
Element Element Tripped
5.1/24.5 5.1/24.5

POB AUX1 HS POB-SEC @ SEC
POB AUX2 HS POB-FOX @ FOX

Faulted Breaker Failure

Element Element Tripped 5.1/13.3* 51/13.3*
POB AUX1 HS POB Bus 2**
POB AUX2 HS POB Bus 4***

* - The Stability Model Time Step is 0.25 cycles, so a 13.3 cycle fault actually clears in 13.5 cycles.
** _ POB-Forest Junction 345 kV line Trips, POB Generator 1 is Isolated.
*** . POB Generator 2 is isolated
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Table C.8 — Stability Results for GSU Three Phase 345 kV Faults Cleared in Primary (5.5 cycles, including 1 cycle margin) Time
under Intact and Prior Outage Conditions, Units Tripping

(With G833/4-J022/3, With New Kewaunee substation, Without Proposed Solution)

Fault Prior Outage High Gen Low Gen Fault Prior Qutage High Gen Low Gen
FItPBGSU1 None FItPBGSU2 None
FItPBGSU1 111 FItPBGSU2 111
FItPBGSU1 121 FItPBGSU2 121
FItPBGSU1 151 FItPBGSU2 151
FItPBGSU1 Q-303 FItPBGSU2 Q-303
FItPBGSU1 R-304 FItPBGSU2 R-304
FItPBGSU1 6832 FItPBGSU2 6832
FItPBGSU1 971L71 FItPBGSU2 971L71
FItPBGSU1 L-SEC31 FItPBGSU2 L-SEC31
FItPBGSU1 L-CYP31 FItPBGSU2 L-CYP31
FItPBGSU1 T10 FItPBGSU2 T10
FItPBGSU1 NAPL71 FItPBGSU2 NAPL71
FItPBGSU1 971L51 FItPBGSU2 971L51
FItPBGSU1 Y-311 FItPBGSU2 Y-311
FItPBGSU1 B12 FItPBGSU2 B12
FItPBGSU1 B23 FItPBGSU2 B23
FItPBGSU1 B34 FItPBGSU2 B34
FItPBGSU1 B45 FItPBGSU2 B45
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Table C.9 — Stability Results for Auxiliary Transformer High Side 3-Phase Faults Cleared in Primary Time (6.1 cycles, including 1
cycle margin) under Intact and Prior Outage Conditions (With G833/4-J022/3, With New Kewaunee substation, With and Without

Proposed Solution)
- Without East Switching Station With East Switching Station With Proposed Solution (Fix 11)

rior
Fault (Aux 1) Outage High Generation Low Generation High Generation Low Generation High Generation Low Generation
FItPOBAX1 None
FItPOBAX1 111
FItPOBAX1 121
FItPOBAX1 151
FItPOBAX1 Q-303
FItPOBAX1 R-304
FItPOBAX1 6832

FItPOBAX1 971L71
FItPOBAX1 L-SEC31

FItPOBAX1 L-CYP31
FItPOBAX1 110

FItPOBAX1 NAPL71
FItPOBAX1 971L51

FItPOBAX1 Y-311
FItPOBAX1 B12
FItPOBAX1 B23
FItPOBAX1 B34
FItPOBAX1 B45

*SEC Gens Isolated
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Prior Without East Switching Station With East Switching Station With Proposed Solution (Fix 11)
Faul {ux2) Outage High Generation Low Generation High Generation Low Generation High Generation Low Generation
5.75/6.1 5.75/6.1 5.75/6.1 5.75/6.1 5.75/6.1 5.75/6.1

FItPOBAX2 None

FItPOBAX2 111

FItPOBAX2 121

FItPOBAX2 151

FItPOBAX2 Q-303

FItPOBAX2 R-304

FItPOBAX2 6832

FItPOBAX2 971L71

FItPOBAX2 L-SEC31

FItPOBAX2 L-CYP31

FItPOBAX2 T10

FItPOBAX2 NAPL71

FItPOBAX2 971L51

FItPOBAX2 Y-311

FItPOBAX2 B12

FItPOBAX2 B23

FItPOBAX2 B34

FItPOBAX2 B45

*POB Unit 2 Isolated
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Table C.10 — Stability Results for Kewaunee and Point Beach Generation Outage under Intact Conditions
(With G833/4-J022/3, With New Kewaunee substation, Without Proposed Solution)

UNIT TRIP Trip time (sec) High Gen Low Gen
POB G1 0.15
POB G2 0.15
POB G1G2 0.15
KEW 0.15
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Table C.11* — Stability Results for 3-Phase Faults at East Switching Station (Fix 2) Cleared in Delayed Time under Intact Conditions,
(With G833/4-J022/3, With New Kewaunee substation, With only East switching Station (Fix 2, part of proposed solution))

Event Element Fault Remote Event Simulated .
High Gen Low Gen

File Faulted Location Location Notes clearing time
BFIESSEDGW1 W-1East New East Edgewater Trips W-1 West 3.5/10.0/5.0
BFIESSSFL W-1 West New East S. Fond du Lac Trips W-1 East 3.5/10.0/5.0
BFIESSSEC L-SEC31 North New East Sheboygan Energy Center Trips L-SEC31 South 3.5/10.0/5.0
BFIESSGVL L-SEC31 South New East Granville Trips L-SEC31 North 3.5/10.0/5.0
BFIESSEDG796 796L41 East New East Edgewater Trips 796L41 South 3.5/10.0/5.0
BFIESSSAU 796L41 South New East Cedarsauk Trips 796L41 East 3.5/10.0/5.0

* Not re-run with the proposed solution (Fix 11) since stability will only improve
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Table C.12** — Stability Results for 3-Phase Faults at East Switching Station (Fix 2) Cleared in Primary Time under Critical Prior
Outage Condition,

(With G833/4-J022/3, With New Kewaunee substation, With only East switching Station (Fix 2, part of proposed solution))

Primary Clearing Time, Prior Outage: New East-Granville 345 kV line*, New KEW Sub, New East sub
Event Element Fault Faulted End Remote Remote End Simulated High Gen Low Gen
File Faulted Location Breakers Location Breakers Clearing Base Base
FIESSSAU New East-Cedasauk* New East Two new breakers SEC 41,34 4545 |

* Fault on East-Cedarsauk 345 kV line under prior outage of East-Granville 345 kV line is evaluated as the worst prior outage event because, among the prior outage conditions at the new
East switching station (Fix2), the outage of East-Granville 345 kV line results in the highest power flow on the 345 kV lines out of new East switching station, particularly on the East-
Cedarsauk 345 kV line.

** Not re-run with the proposed solution (Fix 11) since stability will only improve
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Appendix D: Short Circuit / Breaker Duty Analysis Results

Table D.1 — Maximum and Minimum Fault Duties at the G833/4-J022/3 Point of Interconnection

Maximum Fault Duty {Amps) Minimum Fault Duty* (Amps)

Single-phase Three-Phase Three-Phase
Existing system 23293.9 211604 9288 11100.6
With G833/4 (J022/3) with new Kewaunee (May 2011~beyond) 24801.6 22017 9288.2 11100.7
With G833/4 (J022/3) with new Kewaunee and new East Switching Station 254484 22749.3 9786.8 11954.8
With G833/4 (J022/3) with new Kewaunee and the Proposed Solution (Fix11) 26615.1 23988.7 10915.9 13402.2

* POB G1 and G2 offline and Q-303 out of service

Table D.2 — Thevenin Equivalent Impedances in Ohms corresponding to Maximum Fault Duty

Pos Seq. Neg. Seq. Zero Seq.
Existing system 0.492146+ ) 9.400272 0.563439+ | 9.4053 0.589203+ | 6.794582
With G833/4 (J022/3) with new Kewaunee (May 2011~beyond) 0500629+ j 9.033035 0.774579+ ] 9.021229 0.483616+ | 5974835
With G833/4 (J022/3) with new Kewaunee and potential East sub 0.483549 + 8.742337 0.734901 + 8.732362 0.491449 +5.944132
With G833/4 (J022/3) with new Kewaunee and the Proposed Solution (Fix11) 0.455713 + 8.290790 0.685388 +j 8.282391 0.496780 + j 5.818807
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Table D.3 — Breaker Fault Duty Analysis for Breakers

Breaker Fault Duty Analysis (Red Cell for >1% Increase in Fault Current, Pink Cell for <5% in Breaker Margin)
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Single Phase Fault Analysis
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Appendix E: Deliverability Analysis Results

Table E.1 — Deliverability Analysis Restrictions

G833/4-J022/3

MW Deliverable Potential Solution

Limiting Element Contingency

None identified. 118 MW (100%)

For a full description of the Midwest ISO Generator deliverability process, follow the
“Deliverability Study Whitepaper” link that can be found at:
http://www.midwestmarket.org/publish/Document/3e2d0 106c60936d4 -767f0a48324a%rev=4

(Navigate to: www.midwestmarket.org > Planning > Generator Interconnection > Generator Deliverability Tests)
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Appendix F: Study Criteria
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Study Criteria

F.1 Contingencies

For stability analysis, a set of branches in the vicinity of the generator/power plant of concern is
selected as contingencies, based on engineering judgment. Fault analysis is performed for the
following six categories of contingency conditions:

1. Three-phase fault cleared in primary time with an otherwise intact system.

2. Three-phase fault cleared in delayed clearing time (i.e. breaker failure conditions) with an
otherwise intact system.

3. Three-phase fault cleared in primary clearing time with a pre-existing outage of any other
transmission element.

4. Single Line Ground (SLG) bus section fault cleared in primary clearing time with an
otherwise intact system.

5. SLG internal breaker fault cleared in primary clearing time with an otherwise intact
system.

6. SLG fault of double circuits on common tower cleared in primary time with an otherwise
intact system.

For power flow analysis, contingencies include:

1. N-1 contingencies — all lines and transformers operated at 69kV and above in the
following control areas/zones: ATC Planning Zones 1-5 and ties to those zones and all
branches of voltage level 69kV and above in the Dairyland Power Cooperative, Northern
States Power Control Area, Commonwealth Edison, and Alliant Energy West control
areas.

2. Selected N-2 and multiple contingencies that ATCLLC has determined to be significant.

F.2 Monitored Elements

F.2.1 Intact System, N-1, N-2 and Special Multiple Contingency Evaluation Using Linear
Transfer Analysis Methods

All load carrying elements operated at 69kV and above in the following control areas/zones were
studied: ATCLLC Planning Zones 1-5 and ties to those zones, and all branches of voltage level
69kV and above in the Dairyland Power Cooperative, Northern States Power Control Area,
Commonwealth Edison, and Alliant Energy West control areas.

A Transmission Reliability Margin (TRM) of 5% must be applied to the MVA ratings of each
monitored ATCLLC element. Violations reported will be based upon the adjusted MVA rating.
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F.3 Thermal Loading Criteria

F.3.1 Injection Violations

Generation injection violations include: 1) thermal violations of the transmission elements that
connect the Generator to the rest of the transmission network (outlet congestion); 2) thermal
violations of the transmission elements that have a transfer distribution factor (TDF) > 5% for
NERC Category A (system intact) conditions and TDF > 20% for NERC Category B
contingencies anywhere in the studied system in relation to real power injected at the Point of
Interconnection (POI) when delivered to all of MISO; or 3) thermal violations created by the loss
of a transmission element connected to the generator interconnection substation.

F.3.2 Operating Restriction Calculation

Equipment Rating — [Line Flow — (Generation Output * TDF)]
TDF

Allowable Output =

F.4 Steady State Under Voltage Criteria

F.4.1 Intact System, N-1 and Special Multiple Contingency Evaluation Using ACCC

Under intact system conditions, the voltage magnitude of all transmission system buses with a
decrease of 0.01 per unit due to the Generator must not be lower than 0.95 per unit. Under
contingency conditions, the voltage magnitude of all transmission system buses with a decrease
ot 0.01 per unit, due to the Generator, must not be lower than 0.90 per unit.

F.4.2 N-2 Contingency Evaluation

Power flow solutions must converge for a selected number of N-2 contingencies in the electrical
proximity of the studied Generator. Divergence of a power flow solution indicates potential
voltage collapse. A “fix” must be identified for any non-converging power flow simulation and
may include generator operating restrictions. [Note: Non-convergence may be due to solution
settings such as switched shunt operation and/or LTC action.]

F.5 Angular Stability Criteria

Critical Clearing Time (CCT) is a period relative to the start of a fault, within which all
generators in the system remain stable (synchronized). CCT is obtained from simulation.
Maximum Expected Clearing Time (MECT) determines a period of time that is needed to clear a
fault using the existing system facilities. MECT is dictated by the existing system facilities. In
any contingency, if the computed CCT is less than the MECT plus a margin determined by ATC
(1.0 cycle for studies using estimated generator data and 0.5 cycles for studies using confirmed
generator data), it is considered an unstable situation and is unacceptable. Otherwise, it is
considered acceptable transient stability performance.
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Longer time-domain simulations must be performed on faults cleared at the CCT to examine
dynamic stability. Simulations will typically cover 20 seconds of system dynamics and machine
angle oscillations must meet the damping criteria in the ATC Planning Criteria.

Note that ATC stability criteria and NERC stability criteria differ on the study assumptions used
for breaker failure analysis. ATC study criterion models breaker failure by modeling a three-
phase fault during the primary time, reduced to SLG fault if the failed breaker is an Independent
Pole Operated (IPO) breaker during delayed clearing and cleared at the end of the delayed
clearing time. On the other hand, NERC study criterion assumes a single line-to-ground fault for
the entire breaker failure analysis. Hence, the CCT computed from ATC stability criteria is
always less than or equal to the value computed using the NERC study criteria. This report
assumes ATC stability criteria unless otherwise stated.

The time-domain simulations must also be reviewed for compliance with the transient and
dynamic voltage standards in the ATC Planning Criteria. Voltages of all transmission system
buses must recover to be at least 70% of the nominal system voltages immediately after fault
removal and 80% of the nominal system voltages in 2.0 second after fault removal.
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Appendix G: Typical Planning Level Cost Estimates
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Typical Transmission Line and Substation Capital Costs — March 16, 2006

It should be noted that the costs listed are merely representative for projects within each category. Actual
project costs can vary, in some cases dramatically, based on the scope, location and particular design of
the project. Capital costs include material, labor, licensing, design, land acquisition, environmental
mitigation fees if applicable and project close-out. While some projects require additional costs of
generator redispatch during construction outages, such costs are very project specific and have not been
included in the estimates below.

Cost estimates for 345kV, 138kV, 115kV, 69kV T-Lines and Substations:

e New transmission line cost estimates include new structures, foundations, insulators, hardware,
conductor, and easements shown in dollars per mile. No distribution underbuild costs are
included.

e Rebuilt transmission line cost estimates include 100% new structures, foundations, insulators,
hardware, and conductor on existing ROW/easements shown in dollars per mile. No distribution
underbuild costs are included.

o Reconductor transmission line cost estimates include 10 ~ 30% new structures & foundations,
100% new conductor, insulators, and hardware on existing ROW/easements shown in dollars per
mile. No distribution underbuild costs are included.

e Uprate 69kV to 69kV or 138kV to 138kV transmission line cost estimates include 25% new
structures, foundations to increase clearances, reuse existing conductor, insulators, and hardware
on existing ROW/easements shown in dollars per mile. No distribution underbuild costs are
included.

e Uprate 69kV to 138kV transmission line cost estimates include 25% new structures, foundations
to increase clearances, 100% new insulators, and hardware, and reuse existing conductor on
existing ROW/easements shown in dollars per mile. No distribution underbuild costs are
included.

e Routing an existing transmission line into a new substation typically requires two terminals,
particularly at 100 kV and above.

e New substation cost estimate includes purchase and prepare site, control house, switches, bus,
structures, breakers, and protection shown in dollars per terminals, transformers, and breakers at
each voltage.

e Installing a new transformer in a substation requires two terminals, one at the higher voltage and
one at the lower voltage. Thus, a new 345-138 kV substation that incorporates an existing 345 kV
line and two 138 kV transmission lines, all of which exist near the new substation site, would
require three 345 kV terminals and five 138 kV terminals. Two spare terminals that include
disconnect switches and bus, but no breaker, for each voltage, should be provided for future
growth.

e Transformer costs are shown for typical transformer sizes in each class, 500 MVA, 345/138 kV,
and 345/115kV; 100 MVA, 138/69 kV and 115/69 kV.
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Typical Transmission Line and Substation Project Capital Costs

TRANSMISSION FACILITY TYPICAL CAPITAL COST UNIT IN 2006 $
New 345 kV single circuit line rural ~ urban $1,600,000 ~ $2,200,000/Mile
New 345 kV double circuit line rural ~ urban $3,000,000 ~ $3,600,000/Mile
New 345 kV HPFF single circuit UG line (w/o terminals) $10,000,000/Mile
New 345 kV HPFF UG line 2 terminals with shunt reactors $8,900,000
New 345 kV HPFF UG line 2 terminals without shunt reactors $4,300,000
New 138 kV single circuit line rural ~ urban $630,000 ~ $800,000/Mile
New 138 kV double circuit line rural ~ urban $900,000 ~ $1,100,000/Mile
New 138 kV XLPE 1,200A single circuit UG line (w/ terminals) $3,500,000/Mile
New 138 kV HPFF 1,200A single circuit UG line (w/ terminals) $3,500,000/Mile
New 69 kV single circuit line rural ~ urban $450,000 ~ $585,000/Mile
New 69 kV double circuit line rural ~ urban $650,000 ~ $770,000/Mile
New 69 kV XLPE 550A single circuit UG line (w/ terminals) $2,500,000/Mile
New 69 kV HPFF single circuit underground line (w/ terminals) $2,800,000/Mile
Rebuild 138 kV to 138 kV single circuit $530,000 ~ $700,000/Mile
Rebuild 138 kV to 138 kV double circuit $800,000 ~ $1,000,000 /Mile
Rebuild 69 kV to 138 kV, single circuit $530,000 ~ $670,000/Mile
Rebuild 69 kV to 69 kV, single circuit $280,000 ~ $330,000/Mile
Reconductor 138 kV or 115 kV line, single circuit $210,000/Mile
Reconductor 69 kV line, single circuit $117,000/Mile
Uprate 138 kV to 138 kV single circuit $125,000 ~ $200,000/Mile
Uprate 69 kV to 138 kV single circuit $350,000 ~ $375,000/Mile
Uprate 69 kV to 69 kV single circuit $125,000 ~ $150,000/Mile
345 kV substation terminal’ $550,000 each
345kV gas circuit breaker” $754,000 each
138 kV or 115 kV substation terminal’ $450,000 each
138kV gas circuit breaker” $390,000 each
69 kV substation terminal’ $375,000 each
69KkV gas circuit breaker” $310,000 each
345/138 kV transformer® (transformer only $2,700,000%) $5,000,000 each
138/69 kV transformer® (transformer only $1,405,000°) $2,500,000 each

Notes:

All substation costs are in year 2006 dollars.

!includes dead end structure, line switch and line terminal relays

% includes breaker, two maintenance switches, breaker failure relay, controls

3 300/400/500 MV A unit includes high and low side switches and transf. relays
* includes transformer®, 2-345kV GCBs® and 2-138kV GCBs’

5100 MVA unit, includes high side and low side switches and transf. relays

% includes transformer’, 2-138kV GCBs?, and 1-69kV GCB?
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Appendix H: Alternatives Considered
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The transmission system near Point Beach has five large generating stations (Point Beach,
Kewaunee, Fox River, Sheboygan Energy Center, and Cypress) with a total generating capability
of approximately 3000 MW and only four 345 kV lines connecting this generation to the rest of
the system. Three additional wind generation projects with a total rated generation of
approximately 350 MW and queue positions below G833/4-J022/3 (G590, G611, and G773) are
located on the Fox Valley 138 kV system near Forest Junction. These three projects were not
modeled in the G833-4 study stability analysis because of their location on the 138 kV system,
but they were modeled in the study’s thermal analysis. This combination of high generation and
relatively few transmission outlets produces stability issues with the existing system strength and
fault clearing times, in particular at Kewaunee and North Appleton which have slower breakers
and longer clearing times than other area busses.

As documented in the G833/4-J022/3 Interim Operation Re-study Report, the possible unit
restrictions and/or interim system upgrades are identified and planned to accommodate the
G833/4-J022/3 during the interim periods. After implementation of the upgrades needed for
“interim” operation, there are several issues that must be addressed to ensure that the Point
Beach generation increase is reliable beyond temporary operation. The issues are:

(1) Generator instability due to the isolation of Point Beach Generator 1 on L111 (Point
Beach-Sheboygan) which occurs when Point Beach 345 kV breaker 2-3 is out of service
and L121 (Point Beach-Forest Junction 345 kV) trips,

(2) Generator instability due to the outage of 6832 (Fox River-North Appleton) followed by
a fault on R-304 (Kewaunee-North Appleton),

(3) Most significantly, limitations on Point Beach and Kewaunee generating unit reactive
power output at all hours. Generator instability was identified for fault conditions when
Point Beach and Kewaunee units produce relatively small reactive power output (over-
excitation) or absorbs reactive power from transmission system (under-excitation).
Reactive power output from a synchronous machine has an impact on the transient
stability of the unit. Typically, the lower the excitation on a generating unit, the unit tends
to be less stable under a fault condition. The results of the interim operation study
indicate that a certain level of reactive power output (over-excitation) needs to be
maintained to ensure generation stability in anticipation of critical fault conditions. The
units may not be allowed to reduce their MVAR outputs, reducing their effectiveness in
controlling system voltage

As described in the Interim Operation Re-study Report, for temporary operation, Issue (1) and
(2) should be mitigated by reducing generation at Point Beach to 580 MW (G1 gross) and 600
MW (G2 gross) respectively, and Issue (3) should be mitigated by maintaining MVAR output
from Point Beach and Kewaunee to a certain level through the use of Minimum Excitation
Limiter settings. Issue (1) may be addressed by a long term solution such as reconfiguring the
existing Point Beach substation such that Point Beach Unit #1 cannot be isolated on 345-kV line
L111. However, a more robust long term solution such as a new 345 kV line and/or substation
will be needed to address Issue (2) and Issue (3). Issues (2) and (3) can not be solved by
reconfiguring Point Beach such as ring bus configuration because the issues are primarily due to
the limited number of 345-kV outlets out of Fox Valley area for the amount of generation located
in this area.
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As shown in Appendix H.1, various options are being studied to identify a Network Upgrade
that:
= Addresses the generation instability issues under prior outage conditions,
= Provides a wider operating envelope for the local transmission system and the
interconnected generators by permitting generating unit operation at unity or under-
excited conditions
= Provides better maintenance and operations flexibility during planned or unplanned
transmission outage conditions by tying together critical transmission elements in
strategic locations and, possibly, providing an additional transmission outlet, and
= Relieves loadings under intact and contingency conditions on the existing 138 kV and
345 kV lines running from Fox Valley area to the south by providing an additional
transmission outlet.
Appendix H.1 presents a description of the various options considered as well as geographic
representations of the various options.

To screen and select options for further consideration, the dynamic stability study was
performed. The Power System Stabilizer (PSS) models supplied by the customer for both units
#1 and #2 were assumed in-service. Scenarios with each solution option were built from the high
and low generation cases used for the dynamic stability study for the Interim Operation Re-
study. The high generation scenario consists of all generation on-line in the Point Beach area,
which primarily stresses the system for prior transmission outage conditions due to the limited
number of 345-kV outlets from this area. The low generation scenario is similar to the high
generation scenario except the Fox Energy and Sheboygan Energy gas-fired power plants are
off-line, which primarily stresses the system for breaker failure conditions due to the lower
system inertia.

As shown in Appendix H.1 and Appendix H.2, thirteen different options were evaluated for
transient stability performance by applying the critical faults identified in the Interim Operation
Re-study listed under the period with completion of the G833/4 and J022/3 requests and
completion of the Kewaunee bus reconfiguration project. The critical faults are:
s«  Fault on L111 (Point Beach-Sheboygan Energy Center) at Point Beach with breaker
failure
=  Fault on L151 (Point Beach-Fox River) at Point Beach with breaker failure
= Fault on Q-303 (Point Beach-Kewaunee) at Point Beach with breaker failure. The Q-303
breaker failure may be able to be disregarded if a breaker is added in series with the
existing Q-303 breaker at Point Beach as described in the interim operation study report.
s Fault on R-304 (Kewaunee-North Appleton) at Kewaunee with breaker failure
» Fault on R-304 (Kewaunee-North Appleton) at Kewaunee with prior outage of 6832
(North Appleton-Fox River)
= Fault on L121 (Point Beach-Forest Junction) at Point Beach with prior outage of Point
Beach 345 kV bus tie 2-3

Two types of stability analyses were performed to screen and measure the robustness of each
option. As shown in Section H.2.1 of Appendix H.2, the maximum critical clearing time was
identified under the critical faults for each option. For this specific study, Point Beach and
Kewaunee 345 kV voltage schedule was set to 352 kV to maintain Point Beach 345-kV bus
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voltage at the low end of the preferred voltage range and set MVAR output from Kewaunee and
Point Beach to typical historical levels. The maximum critical clearing time is the slowest fault
clearing time for which no units will lose synchronism. Thus, the longer clearing time for an
option represents a more robust system solution.

The second type of analysis is shown in Section H.2.2 of Appendix H.2. This analysis examined
the minimum allowable MVAR output from the Point Beach and Kewaunee units while
maintaining synchronism for the critical faults by varying the voltage schedule of these
generators. This analysis should not be interpreted as permitting or requiring a change in voltage
schedule to the values noted in the table. Rather, varying the voltage schedule is simply a method
for varying the excitation on the unit. This analysis identifies the options that allow generating
unit operation at unity or leading (i.e. under-excited) power factor, or at least provide a
foundation to achieve the wider operating envelop through additional transmission reinforcement
in the area that may be needed in the future.

Among the thirteen options studied, four options were identified as alternatives due to their
dynamic stability performance. These options are described more fully in Section H.3.1 of
Appendix H.3 and are summarized as:
1. Fix 2 (new “East” 345 kV switching station),
2. Fix 5 (new “East” and new ‘“North” 345 kV switching stations with a new 345 kV
line, ~32 miles),
3. Fix 11 (new “East” 345/138 kV substation and new “North” 345 kV switching
substation with conversion of existing 138 kV line to 345 kV, ~48 miles) and
4. Fix 13 (new “East” 345 kV switching station and approximately 41 miles of new
double circuit 345/138 kV lines from Forest Junction to the “East” substation).
These options were selected because they address stability issues adequately, provide a wider
operating range (except Fix 2) of MVAR output from Point Beach and Kewaunee, unload
parallel facilities and provide an alternate route since the Certificate of Public Convenience and
Necessity (CPCN) process at the Public Service Commission of Wisconsin (PSCW) requires
both route and system alternatives. Based on the further analysis, Fix 11 is selected as the
proposed solution because it:
= Achieves the widest operating envelop for the local transmission system and the
interconnected generators by permitting generating unit operation to unity or under-excited
conditions.
= Addresses the transient stability issues with certain level of MVAR output maintained from
Point Beach and Kewaunee.
= Achieves better maintenance and operations flexibility during planned or unplanned
transmission outage conditions by tying together critical transmission elements in strategic
locations and providing an additional transmission outlet.
= Unloads the existing 138 kV and 345 kV lines running from Fox Valley area to the south
under intact and contingency conditions by providing an additional transmission outlet. As a
benefit, the proposed solution (Fix 11) would also help Wisconsin to accommodate potential
future wind development in the area.
* Fix 2 is a common facility required for Fix 5, Fix 11 and Fix 13. However, Fix 2 does not
immediately allow wider MVAR operating range unless additional transmission
reinforcement shown in Fix 5, 11 and 13 are combined and implemented with Fix 2.
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s Although Fix 5 and Fix 13 immediately allow wider MVAR operating range, they are not
better than Fix 11 (see Appendix H.3).

»=  Fix 11 (roughly $129 million) would require relatively less construction cost than Fix 5§
(roughly $182.3 million) and Fix 13 (roughly $219.3 million). As noted in Table 1.2, the cost
of Fix 11 may increase depending on the condition of the existing double circuit 345/138 kV
structures (L111, portion of L-SEC31, 971K51 and portion of HOLG21). More detailed
analysis will be performed during the Facilities Study to determine the condition of the
existing structures.

=  Compared to Fix 11, significant challenge is expected for Fix 5 and Fix 13 primarily due to
relatively extensive new right-of-way for new 345 kV and (or) 138 kV lines.

Options rejected from further consideration are

*  Fix 1 (new West 345 kV switching station): it does not address the stability issue under
prior outage of Point Beach bus tie 2-3. Generally, it does not provide better stability
performance than Fix 2 (new East 345 kV switching station).

* Fix 1 plus Fix 2 (new West and East 345 kV switching stations): constructing East and
West 345 kV switching stations together does not significantly improve stability
response.

s Fix 3 (new West 345 kV switching station and a new 345 kV line from Forest Junction to
West): This option also requires new 345 kV line (~42 miles) from Forest Junction to
new West switching station. It does not address the stability issue under prior outage of
Point Beach bus tie 2-3. In addition, this does not provide any significant improvement
than new East 345 kV switching station.

= Fix 6 (a new second 345 kV line from North Appleton to Fox River): This option requires
constructing a new second 345 kV line (~9.8 miles) from North Appleton to Fox River. It
does not address the stability issue under prior outage of Point Beach bus tie 2-3. It
provides better stability response only under prior outage of 6832.

= Fix 7 (new East 345 kV substation and new North 345 kV switching station and
conversion of 971K51 and portion of existing 138 kV line HOLG21 to 345 kV): This
option requires converting approximately 48 miles of existing 138 kV line to 345 kV in
addition to building a new East and North 345 kV stations. It also requires constructing
new 138 kV lines (~ 16 miles) to continue serving the existing 138 kV substations and
installing a new 345/138 kV transformer at new East Switching Station. This option
provides significant improvement in stability response. However, it is not selected for
further analysis since this option does not provide better stability performance than Fix
11 (Fix 7 plus 345 kV line L121, which is a Point Beach outlet, looped into North
switching station) for a fault on L111 with breaker failure at Point Beach.

= Fix 8 (Fix 5 plus 345/138 kV transformer at North Substation, loop 971KS51 into the
North 138 kV substation): In general, this option does not provide significantly better
stability response than Fix 5 (new North and East 345 kV line, ~32 miles) which is
selected for further analysis. It appears that installing a new 345/138 kV transformer at
North substation and looping the existing line 971K51 does not provide significant
benefit from a stability perspective.

= Fix 9 (Fix 8 plus converting Forest Junction-North 138 kV line to 345 kV): In addition to
implementing Fix 8, this option also requires converting Forest Junction-North 138 kV
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line (~16 miles) to 345 kV. For similar reason described for Fix 8, it is not selected for
further analysis.

=  Fix 10 (new North switching station): This option requires constructing only the North
345 kV switching station. It does not address the stability issue under prior outage of
6832. In general, it does not perform better than Fix 2 from a stability perspective.

= Fix 14 (Fix 7 without looping 796L41 (Edgewater-Cedarsauk 345kV) into new East
Switching Station): This option was tested to understand the impact of looping 796L41
into the new East Switching Station. No significant stability impact was identified due to
796L41 looped into the new East Switching Station. However, looping 796141 into new
East Switching Station is preferred primarily because it will reduce the exposure to the
outage of the existing Edgewater-Cedarsauk 345 kV line (~33.29 miles).
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Appendix H.1.

Options Studied
(Option Description and Geographical Maps)
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Options ] Descriptions 1

New West 345 kV Switching Station.

Fix 1 Loop existing W-1 and CPY31 into the switching station
Fix 2 New East 345 kV Switching Station.
Loop existing W-1, L-SEC31 and 796L41 into the switching station
Fix 1+ Fix 2 New West (Fix 1) and East (Fix 2) 345 kV Switching Stations with 345 kV lines looped into the switching stations
Fix 3 New West 345 kV Switching Station and Loop existing W-1 and CPY31 into the switching station (Fix 1),
Build a new Forest Jct-West 345 KV line
New East 345 kV Switching Station and Loop existing W-1, L-SEC31 and 796L41 into the switching station (Fix 2),

Fix 5 New North 345 kV Switching Station,

Loop L111 and L121 into the North switching station,

Build a new North-East 345 kV line

Fix 6 Build a new second Fox River-N Appleton 345 kV line

New East 345/138 kV substation and Loop existing W-1, L-SEC31 and 796L41 into the substation (Fix 2),
Convert existing 971K51 and portion of HOLG21 to 345kV,
Modified North 345 kV Switching Station (Loop L111 and converted 971K51 into the station),
Fix7 New 345/138 kV transformer at East substation,
New East-Plymouth #4-Howards Grove-Erdman 138 kV line,
Loop Mullet River-South Sheboygan Falls 138 kV line into the East 138 kV substation,
Terminate the remaining 138 kV line to Holland at the new East substation

New East 345 kV Switching Station and Loop existing W-1, L-SEC31 and 796L41 into the switching station (Fix 2),
New North 345/138 kV substation {Loop L111 and L121 into the station),
Fix 8 New 345/138 kV transformer at North,
Build a new North-East 345 kV line,
Loop existing 971K51 (Forest Jot-Howards Gr) and L-90 (Glenview-Shoto) into the new North 138 kV substation

Fix9 Fix 8 plus convert existing Forest Junction-North 138 kV line to 345 kV

New North 345 kV Switching Station only
Loop L121 and L1411 into the station

Fix 10

Fix 11 Fix 7 plus loop L121 into North substation

Center Line Conversion Option:

New East 345 kV Switching Station and Loop existing W-1, L-SEC31 and 796141 into the switching station (Fix 2),
Rebuild/convert existing 138 kV lines 4035, 971K91, portion of 40561, portion of 8241 to double-circuit 345/138 kV,
Construct a new Mullet River 138 substation near the existing Mullet River 138/69 kV substation
Relocate all 138 kV facilities at the existing Mullet River 138/69 kV substation to the new Mullet River 138 kV substation,
Terminate the southern portions of 8241 (Elkhart Lake-Saukville) and 40581 (Meyer Rd-Lyndon) into the new Muilet River
substation to form Mullet River-Saukville and Mullet River-Lyndon
Construct a new 138 kV line from Erdman to Howards Grove

Fix 13

Fix 14 Modified Fix 7. 796L41 (Edgewater-Cedarsauk 345kV) is not looped in the new East substation
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Appendix H.2.

Stability Study Results for Each Option

Section H.2.1: Performance of Each Option Based on Maximum Critical Clearing
Time (Critical Events Studied by Increasing Clearing Times)

Section H.2.2: Performance of Each Option Based on Allowable Minimum MVAR
Outputs from Point Beach and Kewaunee
(Critical Events Studied at Certain Tested Clearing Times)
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K or KEW:
P or POB:

FLT:

BF:

PO:

High Gen
Low Gen

American Transmission Company

Nomenclature

Kewaunee

Point Beach

Fault cleared in primary time

Fault cleared in breaker failure time
Prior Outage

High generation scenario

Low generation scenario
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H.2.1: Performance of Each Option Based on Maximum Critical Clearing Time (Critical Events Studied by Increasing Clearing Times)

Estimated critical clearing time (With Kewaunee, With G833/4, at 352 kV Voltage Schedule at POB and KEW)
(For breaker failure, breaker clearing time at faulted end was increased. For primary fault, clearing time at faulted end was increased.)

Cilical Bierits Fix 1 Fix2 Fix 1+2 Fix 3 Fix5 Fix 6 Fix 7
High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen
BF L111 @ POB 10 9.5 9.25 10 9.5 10.5 9.5 12.5 11 9.5 9.25 11 9.5
BF L151 @ POB 11 95 115 10.5 12 10.5 11.5 10 12.5 1 10.5 9.5 12.5 11.0
BF Q-303 @ POB 10.5 9.5 105 9.5 10.5 9.5 10.5 9.5 1 10 10.5 9.5 11.0 10.0
BF R-304 @ KEW 12 10 12:5 11 13 11.5 12.5 10.5 14 12.5 115 10 13.5 12.0
FLTR-304 @
KEW- PO 6832 5.5/4.5 N/A 5.5/4.5 N/A 6.5/4.5 N/A 6.5/4.5 N/A 7.0/4.5 N/A 7.0/45 N/A 6.5/4.5 N/A
FLT ; 201 I%;OB- 7.5/4.5 6.5/4.5 7.5/4.5 7.0/4.5 9/4.5 8.5/4.5 9.0/4.5 8.5/4.5
B Fix 8 Fix 9 Fix 10 Fix 11 Fix 13 Fix 14
Critical Events - - > - =
High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen
BF L111 @ POB 125 1 12 11 1 10 12 11 11 10 10.5 95
BF L151 @ POB 12.5 11.0 12.5 11 10 9.25 12.5 11 12 10.5 12 1
BF Q-303 @ POB 11.5 10.0 115 10 10 9 1 10 1 10 1 9.5
BF R-304 @ KEW 14 12.0 14 12 10.5 9.5 14 12 13 115 13.5 12
FLT R-304 @
KEW- PO 6832 7.0/4.5 N/A 7.0/4.5 N/A N/A 6.5/4.5 N/A 6.5/4.5 N/A 6.5/4.5 N/A
FLTIZ1QPOB- | qous 8.54.5 9.0/45 85145 8.5/4.5 75045 9.0/45 8545 75145 65145 9.0/45 8.54.5
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So, maximum critical clearing time for each event tested are

Base model |
CiiicalEvenls | (Interim 2B) Fix 1 Fix2 | Fix 1+Fix2 Fix 3 Fix5 Fix6 Fix7 | Fix8 | Fix9 Fix 10 Eix11 | Fix13 | Fix14
BFL111 @POB g 95 9 95 9.5 1 925 95 | 11 11 10 11 10 95
BFL151 @POB 95 95 105 105 10 1 95 11 1 7 9.25 1 10.5 1
BFQ-303 @ POB 925 95 95 95 95 10 95 10 10 10 9 10 10 95
BF R-304 @KEW 95 10 11 15 105 125 10 12 12 12 95 12 15 12
55 55 65 65 7 7 65 7 7 6.5 65 65
121 @P POB23 65 7 85 | 85 | 85 75 85 65 85
Options Sorted by Performance for Each Critical Event
BFLINN@ BFLIS1 @ | BFoI@ BFR304@ o ALng
POB POB POB KEW A o
Fix5 1 Fix5 1 Fix5 10 Fix 5 125 Fix5 7 Fix5 85
Fix8 1 Fix 7 1 Fix7 10 Fix 7 12 Fix 6 7 Fix 7 85
Fix9 1 Fix8 1 Fix8 10 Fix 8 12 Fix 8 7 Fix8 85
Fix 11 1 Fix9 1 Fix9 10 Fix 9 12 Fix9 7 Fix9 8.5
Fix 10 10 Fix 11 1 Fix 11 10 Fix 11 12 Fix 1+Fix2 6.5 Fix 11 8.5
Fix 13 10 Fix 14 1 Fix 13 10 Fix 14 12 Fix3 65 Fix 14 85
Fix 1 95 Fix2 105 Fix 1 95 Fix 1+Fb2 | 115 Fix7 65 Fix 10 75
Fix 1+Fix2 95 Fix 1+Fix2 | 105 Fix 2 95 Fix13 115 Fix 11 65 | Fix 1+Fix2 7
Fix3 95 Fix13 105 | Fix 1+Fix2 95 Fix 2 1 Fix 13 65 Fix2 65
Fix 7 95 Fix 3 10 Fix3 95 Fix3 105 Fix 14 6.5 Fix 13 65
Fix 14 95 e 95 Fix 6 9.5 Fix 1 10 Fix 1 55 .
Fix6 925 Fix 1 95 Fix 14 95 Fix 6 10 Fix2 55 Fix 1
Base model g Fix 6 95 Dase 925 [‘f;dsgl 95 s Fix3
Fix2 ) Fix 10 9.25 Fix 10 9 Fix 10 95 Fix 10 Fix6
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Maximum Critical Clearing Time (352 kV voltage schedule, With new Kewaunee, With G833/4 (J022/3))

121 @P PO B23 =

| Fix 14

Relay Capability
(1 cycle margin included) | Fix 13

R304 @K PO 6832
@ Fix 11

o Fix 10

@ Fix 9 j

BF R304 @K
mFix 8

OFix7

| Fix 6

Critical Events

BF Q303 @P
[ @Fix5

mFix3

0O Fix 1+Fix2

BFL151 @P g OFix 2

| Fix 1

@ Base model

BFL111 @P

0 | 2 3 4 5 6 4 8 9 10 14 12 13 14
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H.2.2: Performance of Each Option Based on Allowable Minimum MVAR Outputs from Point Beach and Kewaunee

(Critical Events Studied at Certain Tested Clearing Times)
Estimated Voltage Settings at Point Beach and Kewaunee for stable system under critical events tested
(Tested Voltage Settings are 353kV, 352 kV, 351 kV, 350 kV, 349 kV, 348 kV, 347 kV, 346 kV, 345 kV, 344 kV and 343 kV)

Cn‘tEcTai ltivdents Fix 1 Fix 2 Fix 1+2 Fix 3 Fix5 Fix 6
este
Clearing Time) High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen
BE :523131 e 350 kV or 351 kV or 352 kV or 353 kV or 350 kV or 352 kV or 349 kV or 350 kV or 346 kV or 346 kV or 351 kV or 352 kV or 348 kV or 350 kV or
higher higher higher higher higher higher higher higher higher higher higher higher higher higher
(3.5/9.25/4.5)
BFLSI@ | swivor | 3stkvor | MBkvor | MBkvor | MBkvor | MBKor | MBKVor | 30KVor | M7Wor | 7kVor | M9kor | m2kVor | MTKVor | MTKVor
higher higher higher higher higher higher higher higher higher higher higher higher higher higher
(3.5/9.5/4.5)
BFQSS@ | migwvor | sstkvor | mokvor | 1KVor | MoKVor | 31KVor | M9KVor | 351KVor | M8KVor | 380KVor | 340KVor | 351kVor | 349kVor | 350KVor
higher higher higher higher higher higher higher higher higher higher higher higher higher higher
(3.5/9.25/4.5)
BRIV | srkvor | g0 | MTWor | 37kvor | M6KVor | 37kvor | S47KVor | MBKVor | M5KVor | 346KVor | 348KVor | 380KVor | 34SKVor | 46KVor
(3.5/9.5/4.5) higher higher higher higher higher higher higher higher higher higher higher higher higher
FLT R-304 @
345kV or 345 kV or even ok at even ok at even ok at even ok at even ok at
KEW - PO - N/A - N/A N/A N/A N/A N/A N/A
6832 (4.5/4.5) higher higher 343 kV 343 kV 343 kV 343 kV 343 kV
PZLBT :_,201 %3 344 kV or even ok at 344 kV or even ok at even ok at even ok at even ok at even ok at
4.5/45 higher 343 kV higher 343 kV 343 kV 343 kV 343 kV 343 kV
Critical Events Fix 8 Fix 9 Fix 10 Fix 11 Fix 13 Fix 14
(Tested Clearing Time) | High Gen | Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen
BF L111 @ POB 346kVor | 346 kVor 346 kV or 347 kV or 348 kV or 349 kV or 347 kV or 347 kV or 348 kV or 349 kV or 349 kV or 350 kV or
(3.5/9.25/4.5) higher higher higher higher higher higher higher higher higher higher higher higher
BF L151 @ POB 346 kV or 347 kV or 346 kV or 347 kV or 350 kV or 353 kV or 346 kV or 347 kV or 347 kV or 348 kV or 347 kV or 347 kV or
(3.5/9.5/4.5) higher higher higher higher higher higher higher higher higher higher higher higher
BF Q-303 @ POB 348 kV or 350 kV or 348 kV or 350 kV or 350 kV or 353 kV or 349 kV or 350 kV or 348 kV or 350 kV or 349 kV or 351 kVoor
(3.5/9.25/4.5) higher higher higher higher higher higher higher higher higher higher higher higher
BF R-304 @ KEW 345KV or 345 kV or 345 kV or 345kV or 349 kV or 352 kV or 345kV or 345kV or 346 kV or 347 kV or 345kV or 346 kV or
(3.5/9.5/4.5) higher higher higher higher higher higher higher higher higher higher higher higher
FLT R-304 @ KEW - PO even ok even ok at even ok at even ok at even ok at
6832 (4.5/4.5) at 343 kv NIA U3 KV N/A NiA 343 kV B 343 kV A 33 kV LG
FLT 121 @ POB- PO B23 even ok even ok at even ok at even ok at even ok at even ok at even ok at even ok at 344 kV or even ok at even ok at even ok at
(4.5/4.5) at 343 kV 343 kV 343 kV 343 kV 343 kV 343 kV 343 kV 343 kV higher 343 kV 343 kV 343 kV
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MVAR outputs from Point Beach and Kewaunee at the Estimated Voltage Schedules

Fix 1 Fix2 Fix 142 Fix3 Fix5 Fix6 Fix7
High Gen | Low Gen | High Gen [ Low Gen | High Gen | LowGen | High Gen | Low Gen | HighGen | LowGen | HighGen | Low Gen | High Gen ] Low Gen
BoR 465 532 8338 642 476 586 282 396 199 74 69.8 5.9 172 356
61
BFLIN@  pop
POB 465 532 838 642 476 586 282 396 199 74 69.8 559 172 356
G2
eso2sus) %2
= 394 2338 567 337 349 295 267 143 388 304 “38 231 24 59
sum(MVAR) | 1324 | 1302 | 2243 | 624 1304 1467 83.1 935 786 | 153 | 1814 | 1349 368 771
POB 308 532 207 342 16.3 337 126 396 3 155 38.1 559 05 142
61
BFLISIE oL
POB 308 532 207 342 16.3 337 126 396 3 155 38.1 559 05 142
62
@s0sas) 2
= 286 238 134 118 133 15 16 143 16 122 186 231 203 203
Sum(MVAR) | 902 1302 545 802 459 789 42 935 2 18.8 948 1349 | 213 8.1
';?B 308 532 362 522 319 524 282 45 144 377 38.1 51.1 347 356
BFOIB@  oin
POB 1 308 532 3.2 522 319 524 282 45 144 377 38.1 51.1 347 356
(@592545 S2
= 2856 2338 238 252 2%.1 252 267 18.9 83 146 186 18.9 129 59
Sum(MVAR) | 902 1302 96.2 1296 87.9 130 83.1 1089 371 90 948 1214 823 771
POB 05 43 5 275 149 268 31 288 365 74 26 463 349 64
G
BFRIME@ ST
KEW 05 43 5 275 149 228 31 2838 365 74 26 463 349 64
2
(50545 o2
i 64 15 13 56 338 59 83 53 488 304 72 146 541 378
sumvaR) [ 74 [ o1 13 494 636 477 145 629 | -1218 | -153 524 1072 | -1239 25
POB
e e 40 N/A 314 N/A 66.1 N/A 7241 NIA 76 NIA 653 N/A 733 NIA
égavg EEe ZCZ)B 40 N/A 314 N/A 6.1 NA 7241 N/A 76 NIA 653 N/A 733 N/A
FEl EEW 259 N/A 209 NIA 122 N/A A1 N/A 211 N/A 60 N/A 271 N/A
Sum (MVAR) | 541 N/A 419 | NA 444 N/A 1552 N/A 4734 NIA 1906 NA | 1737 N/A
FlTi21@ _ POB - ] } -
Akl B 505 203 596 308 987 542 992 55.1
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(4.5/4.5) POB 134 3
& <07 13.1 404 1.4

KEW

-60 60 0 60

61
Sum (MVAR) 1512 | 162 60 | 794
Fix8 Fix9 Fix 10 X Fix 13 Fix 14
High Gen | LowGen | HighGen | LowGen | HighGen | LowGen | ighGen | LowGen | HighGen | LowGen | HighGen | LowGen
2‘1’3 142 99 162 144 195 439 a6 19 183 332 17 %6
L111@POB  POB ,
BEsAY | 142 99 162 144 195 439 86 119 183 32 7 346
g“’ 236 257 355 18 17.2 149 199 196 121 128 135 57
Ssum(MVAR) [ 62 59 &8 | 1 562 1027 271 4 487 792 83 749
v 142 184 162 144 493 618 207 119 24 %7 06 137
L151@POB  POB ; :
@e84s oy 442 8.1 162 144 03 618 207 18 24 %7 06 137
s 338 79 355 118 88 28 34 -106 123 73 1956 203
sum(MVAR) | 62 283 579 7 are | 1564 728 42 5 507 208 71
';?B 19 392 184 357 493 518 345 339 183 398 u7 412
Q3@ o8
POB i 19 392 18.4 %7 493 618 315 339 183 398 u7 42
(snzsus 02,
- 05 59 47 18 3838 28 135 68 121 173 136 99
sumvar) [ 385 | se3 1 732 1374 1564 765 746 w1 | 969 83 923
E?B 306 24 233 16 33 573 319 29 134 195 35 69
RIM@ N “hop
KEW 2 306 24 233 46 343 573 379 29 134 195 35 69
@Esmsus) 2
42 556 23 515 459 278 283 538 414 352 403 534 25
sumvaR) [ 1168 | 81 241 | 491 %5 1429 | 298 | <472 14 287 4234 | 412
RN @ FOB ; ; "
s 598 NA 1289 NiA NIA 766 NA 665 NIA 734 NIA
k5 - 598 NIA 129 v | NA 766 NIA 666 NIA 734 NIA
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KEW

&1 -33.9 N/A -32.7 N/A N/A -29.3 N/A -173 N/A -25.8 N/A
Sum (MVAR) -1735 [ N/A -178.5 N/A N/A -182.5 N/A -150.5 N/A -172.6 N/A
P8 | w7 ses | 988 51 596 38 | 041 593 | 76 385 99 548
121 @ POB - POB
PO B23 G2 -75.5 -4 -75.1 T -74.5 8 -69.8 44 -40.6 6.9 -69 6.8
(4.5/4.5) e
61 -60 -60 -60 -60 -60 -60 -60 -60 -60 -60 -60 -60
Sum (MVAR) -225.2 -118.5 -233.9 -113.3 -194.1 -55.8 -233.9 -114.9 -158.2 91.6 -228 -108
American Transmission Company Page 102 of 132 10/2/2009




G833/4-J022/3 ISIS Report

High Gen - MVAR outputs from Point Beach and Kewaunee at the Voltage Schedules shown in "By Voltage Level" worksheet
121 @PPO B23
(4.5/4.5)
B Fix 14
R304 @K PO 6832 oFix 13
(4.5/4.5) o Fix 11
@Fix 10
R304 @K BFix9
(3.5/9.5/4.5) oFix8
w
= mFx7
> "
- Q303 @P OFix6
(3.5/9.25/4.5) BFix5
OFix3
| L1561 @P Fch2
' (3.519.5/4.5) BFix 2
‘ BFix 1
L111 @P (3.5/9.25/4.5) — — —
-300 -200 -100 0 100 200 300
MVAR (POB+KEW)
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Low Gen - MVAR outputs from Point Beach and Kewaunee at the Estimated Voltage Schedules

121 @PPOB23
(4.5/4.5)
| Fix 14
R304 @K mFix 13
(3.5/9.5/4.5) o Fix 11
@ Fix 10
mFix9
” OFx8
£ Q303 @P Fix 7
@ (3.5/9.25/4.5) i
w OFix6
BFix5
OFix3
L151 @P OFix 142
(3.5/9.5/4.5) BFx2
@ Fix 1
L111 @P (3.5/9.25/4.5)

-150 -100 -50 0 50 100 150 200
MVAR (POB+KEW)
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Appendix H.3.

Options Selected For Further Analysis

Section H.3.1. Options Selected

Section H.3.2 Performance Comparison

Section H.3.3. Thermal Analysis for Fix 2

K or KEW:
P or POB:
FLT:

BF:

PO:
High Gen
Low Gen

American Transmission Company

Nomenclature

Kewaunee

Point Beach

Fault cleared in primary time

Fault cleared in breaker failure time
Prior Outage

High generation scenario

Low generation scenario
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H.3.1. Options Selected for Further Analysis

Options ! Descriptions ]

New East 345 kV Switching Station.

Fix2 Loop existing W-1, L-SEC31 and 796L41 into the switching station
New East 345 kV Switching Station and Loop existing W-1, L-SEC31 and 796L41 into the switching station (Fix 2),
Fix 5 New North 345 kV Switching Station,

Loop L111 and L121 into the North switching station,
Build a new North-East 345 kV line

New East 345/138 kV substation and Loop existing W-1, L-SEC31 and 796141 into the substation (Fix 2),
Convert existing 971K51 and portion of HOLG21 to 345kV,
Modified North 345 kV Switching Station (Loop L111 and L121 and converted 971K51 into the station),
Fix 11 New 345/138 kV transformer at East substation,
New East-Plymouth #4-Howards Grove-Erdman 138 kV line,
Loop Mullet River-South Sheboygan Falls 138 kV line into the East 138 kV substation,
Terminate the remaining 138 kV line to Holland at the new East substation

Center Line Conversion Option:

New East 345 kV Switching Station and Loop existing W-1, L-SEC31 and 796L41 into the switching station (Fix 2),
Rebuild/convert existing 138 kV lines 4035, 971K91, portion of 40561, portion of 8241 to double-circuit 345/138 kV,
Construct a new Mullet River 138 substation near the existing Mullet River 138/69 kV substation
Relocate all 138 kV facilities at the existing Mullet River 138/69 kV substation to the new Mullet River 138 kV substation,
Terminate the southern portions of 8241 (Elkhart Lake-Saukville) and 40561 (Meyer Rd-Lyndon) into the new Mullet River substation
to form Mullet River-Saukville and Mullet River-Lyndon
Construct a new 138 kV line from Erdman to Howards Grove

Fix 13
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H.3.2 Performance Comparison

- Maximum Critical Clearing Time (Critical Events Studied by Increasing Clearing Times)

At 352 kV Voltage Schedule (POB and KEW

, Maximum Critical Clearing Time for Each Event Tested

" Interim 2b Fix 2 Fix5 Fix 11 Fix 13
Critical Events
High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen
BFLI11 @
POB 95 9 9.25 ] 12.5 11 12 11 11 10
BFLIST@ N/A 95 15 105 125 1 125 1 12 105
POB
11
BF Q-303 @ (@11.5 cycle
POB N/A 9.25 10.5 9.5 345KV-1st-1.0 10 11 10 11 10
sec)
13
(@135 cycle
19kV-1.6 sec,
BFRIME N/A 95 125 11 14 125 14 12 3U5KV-1st- 15
1.388 sec,
345 kvV-2nd-
1.6 sec)
Fit R-304 @ K
EW - PO 6832 40 N/A 5.5/4.5 N/A 7.0/4.5 N/A 6.5/4.5 N/A 6.5/4.5 NIA
35 2.0
Fit121 @ POB- | (@4.0 cycle (@ 2.5 cycle
PO B23 345KV-2nd- 345KV-2nd- 75/45 6.5/4.5 9/4.5 8.5/4.5 9.0/4.5 8.5/4.5 75/4.5 6.5/4.5
1.562sec) 1.525sec)

American Transmission Company
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In summary,

- Maximum critical clearing time for each event tested are
Critical Events -
Interim 2b Fix 2 Fix 5 Fix 11 Fix 13

BF L111 @ POB 9 9 11 1 10
BF L151 @ POB 95 10.5 1 1 105

BF Q-303 @ POB 9.25 9.5 10 10 10
BF R-304 @ KEW 95 1" 125 12 11.5

FIt R-304 @ K EW - PO 6832 4 55 T 6.5 6.5
Flt121 @ POB- PO B23 2 6.5 85 8.5 6.5

Maximum Critical Clearing Time

FLT 121 @PPOB23 [

FLTR304 @K PO 6832 |

BF R304 @K

Events

Cycles

| Fix 13

oFix 11

@ Fix 5

mFix 2

@ Interim 2b

Relay
Capability

American Transmission Company
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- Allowable Minimum MVAR Outputs from Point Beach and Kewaunee
(Critical Events Studied at Certain Tested Clearing Times)

Estimated Volitage Settings at Point Beach and Kewaunee for Stable System under Critical Events Tested
o Interim 2b Fix 2 Fix5 Fix 11 Fix13
Critical Events
High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen High Gen Low Gen
BFLUN@ | sstwvor | smivor | sstkvor | 32kvor | s6kvor | Mekvor | M6kvor | 36kVor | aEKVor | 349KVor
(3.5/9.0/4.5) higher higher higher higher higher higher higher higher higher higher
BFLST@ | mowor | 3mivor | sskvor | 3kor | 37ior | s7Wor | MKor | 37iWor | 47Wor | 36BKVor
(3.509.5/4.5) higher higher higher higher higher higher higher higher higher higher
349 kV or
higher
BFQ303@ (@348kv 19
POB 350 kV or 352 kV or 349 kV or 351 kV or 34§ kV or 359 kV or KV-1.729 sec, 359 kV or 34§ kV or 35(_) kVor
(3.5/9.25/4.5) higher higher higher higher higher higher 345 kV-1st- higher higher higher
1.142 sec,
345 kV-2nd-
1.758 sec)
346 kV or
higher
BF R-304 @ (@345kvV 19
KEW 348 kV or 351 kVor 347 kV or 347 kV or 345kVor kV-1.583 sec, 345kVor 345kVor 346 kV or 347 kV or
higher higher higher higher higher 345 kv-1st- higher higher higher higher
(3.5/9.5/4.5)
1.029 sec,
345 kV-2nd-
1.604 sec)
356 kV or
higher
(@355kV 18
Fit R-304 @
kV-1.733 sec, 345kV or 343 kVor even ok at even ok at
KE‘?"; 525832 345 KV-1st- NIA higher NIA higher NIA U3 KV NIA U3 KV NIA
R 1.458 sec,
345 kV-2nd-
2.071 sec)
FItjgg%zF;OB 354 kV or 360 kV 344 kV or even ok at 343 kVor 343kVor even ok at even ok at 344 kVor even ok at
(45/45) higher higher 343 kv higher higher 343 kV 343 kV higher 343 kV
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MVAR outputs from Point Beach and Kewaunee at the Estimated Voltage Schedules (High Gen)

High Gen Interim 2b Fix 2 Fix 5 Fix 11 Fix 13
POB G
e 67.2 67.7 199 2017 183
fh?\?A% 67.2 67.7 199 207 183
BFL111@POB (3.50.045) oo
e 489 456 388 314 124
TOTAL (MVAR) 183.3 181 786 728 487
POB G
e 356 207 30 2017 24
POB G2
B Lis1 @ POB Bk 356 207 30 207 24
(35/9.5/4.5) KEW G1
et 271 134 -16.0 314 123
TOTAL (MVAR) 983 545 2 728 15
POB G
i 513 362 144 315 18.3
POB G2
S—— Frios 513 36.2 14.4 315 183
(3.5/9.25/4.5) KEW G1
. 379 238 83 135 124
TOTAL (MVAR) 1405 96.2 371 765 487
POB G
e 20.1 5 365 379 431
POB G2
20.1 36, a7, A3,
BF R-304 @ KEW (MVAR) ° ° - e .
(3.5/9.5/4.5) KEW G1
e 16.4 13 488 538 352
TOTAL (MVAR) 56.6 13 1218 1296 14
POB G1
g 153.3 314 76 766 666
POB G2
FItR-304 @ KEW- PO 6832 | (MVAR) - Sl i e .
(4.5/4.5) KEW G1
o 154.1 209 211 293 A73
TOTAL (MVAR) 4607 419 4731 1825 1505
POB G
. 1423 505 987 -104.1 576
POB G2
i da- poms. | M 853 407 725 698 406
(4.5/4.5) KEW G1
N 875 60 60 60 60
TOTAL (MVAR) 315.1 4512 2312 2339 1582
BF Total (MVAR) 4787 330.4 1853 1987 285
PO Total (MVAR) 7758 193.1 4043 4164 3087
All Total (MVAR, BF Total + PO Total) 12545 137.3 5896 615.1 2802
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MVAR outputs from Point Beach and Kewaunee at the Estimated Voltage Schedules (Low Gen)

Low Gen Interim 2b Fix 2 Fix 5 Fix 11 Fix 13
POB G1
AVAR) 586 58.2 74 48 332
POB G2
pren 58.6 56.2 74 48 332
BFL111 @ POB (3.5/9.0/4.5)
KEW G1
AR) 273 295 30,1 245 1238
TOTAL (MVAR) 1445 145.9 5.3 149 792
POB G1
VAR) 586 342 155 1.9 267
POB G2
preen 586 342 155 19 267
BF L151 @ POB (3.5/9.5/4.5)
KEW G1
A 273 138 122 196 73
TOTAL (MVAR) 1445 80.2 188 42 60.7
POB G1
Frred 58.6 522 377 339 398
POB G2
i 586 522 377 339 39,8
BF Q-303 @ POB (3.5/9.25/4.5)
KEW G1
(VAR) 27.3 25.2 146 6.8 173
TOTAL (MVAR) 1445 1296 90 746 9.9
POB G
AR 53.4 275 74 29 195
POB G2
AR) 53.4 275 74 29 195
BF R-304 @ KEW (3.5/9.5/4.5)
KEW G1
eR) 229 56 304 414 103
TOTAL (MVAR) 1297 49.4 153 472 287
POB G1
ok 1154 293 542 593 385
Pﬁ\?A(;z 823 134 96 44 69
FIt 121 @ POB - (MVAR)
PO B23 (4.5/4.5) —
At 83.0 60 60 60 60
TOTAL (MVAR) 280.7 762 10456 1149 916
BF Total (MVAR) 563.2 405.1 78.2 167 265.5
PO Total (MVAR) 2807 762 1046 1149 916
All Total (MVAR) 843.9 328.9 -26.4 982 173.9
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2500.0

Sum of MVAR Outputs from Kewaunee and Point Beach (High + Low Scenarios)

15000

MVAR

500.0

0.0

20984

466.2

-616.0

-713.3
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Section H.3.3. Thermal Analysis for Fix 2 (East Switching Station)
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Table H.3.3.1 — Identified Thermal Violations Due to G833/4-J022/3
Summer Off-Peak 2013 (70% Load) Delivery to MISO for NERC Category A and B events (TDF>5%)
With Fix 2 (East Switching Station) in Service, Competing Wind Farms at 100% output

Existing | Required . Potential
Limiting Element Rating | Rating c Warst . m i njection | solution
(MVA) | (MvA)2 ontingency (%) Identified
Point Beach-Sheboygan Energy i . . .
Center 345 KV line 488 SE 529 SE | Cypress-Arcadian 345 kV line 529 Yes Yes
New East-Cedarsauk 345 kV line 653 SE 847SE Mew East-Granville 245 kV line NIA Yes Nod

1. Includes provision for 5% TRM. The required ratings are calculated using AC analysis in PSS/E
dispatching 100% of power from G833/4-J022/3 to MISO.

2. SN = Summer Normal, SE = Summer Emergency

Local Special Protection Systems are included if designed to operate for NERC Category A or B events

4. The line will be uprated to 1095 MVA (1834 A) per ATC Project PR03208. Estimated in-service date is
4/25/2010

5. Portion (~24 miles) of the existing line 796L41 (~33.3 miles) going southerly to Cedarsauk 345 kV line
needs to be uprated to achieve at least 997 MVA SE. The existing line rating is limited by the line clearance
(2156 ACSR @ 129F).

w

Table H.3.3.2 — Identified Thermal Violations Due to G833/4-J022/3
Summer Peak 2013 (100% Load) Delivery to MISO for NERC Category A and B events (TDF>5%)
With Fix2 (East Switching Station) in Service, Competing Wind Farms at 20% Output

Existing | Required .o Potential
Limiting Element Rating Rating Cormrﬁetnc 1(-3'): inﬁmgn Solution
MVA MVA)'2 gency s Identified

None Identified
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Table H.3.3.3 — Identified Voltage Violations Due to G833/J022 and G834/J023
Summer Off-Peak 2013 (70% Load) Delivery to MISO for NERC Category A & B events (4V > 0.1
.), With Fix2 (East Switching Station) in Service, Competing Wind Farms at 100% output

Voltage (p.u.) :
s Potential
g‘:{ﬁ":ﬁ co:t\:ﬁtztnc Pre Post Solution
e gency G833/4- | GB833/4- Identified
J02213 J022i3

None Identified

Table H.3.3.4 — Identified Voltage Violations Due to G833/4-J022/3
Summer Peak 2013 (100% Load) Delivery to MISO for NERC Category A & B events (AV > 0.1 p.u.),
With Fix2 (East Switching Station) in Service, Competing Wind Farms at 20% output

Voltage (p.u.)

Potential

. Worst ;
Limiting Element . Solution
. Confingency Identified

None Identified
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Table H.3.3.5.1 — Voltage Measurements at the Point Beach 345-kV Substation with Fix2 (East
Switching Station), Summer 2013 Peak Load with Selected Contingencies’
Without Minimum Excitation Limits

Voltage?(p.u.) MVAR output (Gross)

Contingency Point Point Point Point Point
Beach Beach Beach Beach Beach
Bus #1 Bus #2 Bus #3 Bus #4 Bus #5

Point Point
Beach G1 | Beach G2

Intact System 10203 10203 1.0203 1.0203 10203 59.48 50.48

Point Beach BS 2-3 10203 10203 1.0203 1.0203 1.0203 76.74 34.61

Point Beach BS 2 ~ Forest Junction 345-kV 1.0203 10203 1.0203 1.0203 1.0203 49.98 49.98

Line 121

Point Beach BS 1-2 1025 1.0203 10203 10203 10203 64.13 64.13

Point Beach BS 4-5° 10203 10203 10203 1.0203 10204 66.8 66.8

Point Beach BS 3-4 10203 10203 10203 10203 1.0203 65.2 74.01

Point Beach Bfige':;ﬂx River 345-kV 10203 10203 1.0203 10203 10203 67.86 67.86

Forest Junction — Fox River 345-kV 1.0203 1.0203 1.0203 1.0203 10203 83.37 83.37
Line 971L71

Point Beach BS 1 _L-.Snzemgan Energy 345-kV 1.0203 10203 1.0203 1.0203 10203 65.28 65.28

Point Beach BS 3 - Kewaunee 345-kV 1.0203 10203 1.0203 1.0203 1.0203 74.81 74.81
Line Q-303

Forest Junction ~ Cypress 345-kV 1.0203 10203 10203 1.0203 10203 63.95 63.95
Line 971151

Forest Junction 345/138-kV 10203 10203 1.0203 1.0203 1.0203 54.03 54.03

Transformer T1
Forest Junction 345/138-kV 10203 1.0203 1.0203 1.0203 1.0203 54.03 5403
Transformer T2
Fox River ~ N. Appleton 345-kV 1.0203 1.0203 1.0203 1.0203 10203 64.57 64.57
Line 6832

Sheboygan Energy — New East 345-kV

Line L-SEC31 North 1.0203 1.0203 1.0203 1.0203 1.0203 77.24 77.24
Fox Energy Center Unit CT 1 1.0203 1.0203 1.0203 1.0203 1.0203 61.43 61.43
Fox Energy Center Unit CT 2 1.0203 1.0203 1.0203 1.0203 1.0203 61.43 61.43
Fox Energy Center Unit ST 1.6203 1.0203 1.0203 1.0203 1.0203 59.56 59.56
Sheboygan Energy Center Unit #1 1.0203 1.0203 1.0203 1.0203 1.6203 68.03 68.03
Sheboygan Energy Center Unit #2 1.0203 1.0203 1.0203 1.0203 1.0203 68.03 68.03
Point Beach Unit #14 1.0204 1.0203 1.0203 1.0203 1.0203 0 61.94

Point Beach Unit #25 1.0204 1.0203 1.0203 1.0203 1.0203 61.94 0
Kewaunee G1 1.0204 1.0203 1.0203 1.0203 1.0203 63.83 63.83

Point Beach Units #1 & #26 1.0196 1.0196 1.0196 1.0196 1.0196 0 0
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1. Included for Interconnection Customer’s defined voltage levels:
a. Preferred: 352-kV to 354-kV
b. Normal: 351-kV to 358-kV
c. Maximum Permissible: 348.5-kV to 362-kV, any voltage outside of the Maximum Permissible range
would be identified in Table H.3.3.3 as a Voltage Violation

2. The planning case used models both Point Beach units as regulating the respective POI bus voltage at the
Point Beach substation to 1.0203 p.u. (352 kV).

3. Point Beach Bus Section #5 is isolated from both Point Beach generating units for this contingency. The
planning case used models the T2X03 345/13.2-kV transformer isolated at this bus with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus.

4. This contingency is intended to model the emergency trip of Point Beach Unit #1. Assumes the 13.2-kV bus
is split, separating the auxiliary loads. Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus and Transformer T2XO03 is connected to Bus Section #5 with 2.5 MW
and 2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and
13.9 MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

5. This contingency is intended to model the emergency trip of Point Beach Unit #2. Assumes the 13.2-kV bus
is split, separating the auxiliary loads. Transformer T1XO03 is connected to Bus Section #1 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus and Transformer T2X03 is connected to Bus Section #5 with 2.5 MW
and 2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and
13.9 MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

6. This contingency is intended to model an emergency dual unit trip modeled by the outage of each Point
Beach generating unit, but maintaining the auxiliary load connection to the transmission system.
Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV bus
and Transformer T2XO03 is connected to Bus Section #5 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV
bus. Both generator Auxiliary loads are fed from their generator GSUs (23.4 MW and 13.9 MVAR each)
and do not trip and are not moved. The Control Area replacement power was imported from TVA.
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Table H.3.3.5.2 — Voltage Measurements at the Point Beach 345-kV Substation with Fix2 (East
Switching Station), Summer 2013 Peak Load with Selected Contingencies’
With Minimum Excitation Limits

MVAR output (Gross)

Voltage?(p.u.)
Contingency Point Point Point Point Point . .
Beach Beach Beach Beach Beach Bei:zll:‘t(ﬂ Be}:?:ll:‘t62
Bus #1 Bus #2 Bus #3 Bus #4 Bus #5
Intact System 10207 1.0207 1.0207 1.0207 1.0207 68 68
Point Beach BS 2-3 1.0203 1.0203 1.0211 1.0211 1.0212 76.74 68
Point Beach BS 2 - Forest Junction 345-kV 10212 1.0211 1.0211 1.0211 1.0212 68 68
Line 121
Point Beach BS 1-2 1025 10205 1.0205 1.0205 1.0208 68 68
Point Beach BS 4-53 10204 10204 1.0204 1.0204 1.0224 68 68
Point Beach BS 3-4 1.0204 10204 1.0204 1.0203 1.0203 68 74.01
Point Beach BS 5 - Fox River 345-kV 10203 10203 10203 1.0203 1.0203 68 68
Line 151
Forest Junction — Fox River 345-kV 1.0203 1.0203 1.0203 1.0203 1.0203 83.37 83.37
Line 971L71
Point Beach BS 1 —LiSnr;el;?){gan Energy 345-kV 1.0204 1.0204 1.0204 1.0204 1.0205 68 68
Point Beach BS 3 - Kewaunee 345-kV 1.0203 1.0203 10203 10203 1.0203 74.82 74.82
Line Q-303
Forest Junction — Cypress 345-kV
Lirs 571101 1.0205 10205 10205 1.0205 1.0205 68 68
Forest Junction 345/138-kV 10209 10209 10209 1.0209 1.0200 68 68
Transformer T1
Forest Junction 345/138-kV 10209 10209 1.0209 1.0209 1.0209 68 68
Transformer T2
Fox River ~N. Appleton 345-kV 10208 1.0208 1.0208 1.0208 1.0208 68 68
Line 6832
Sheboygan Energy ~ New East 345-kV
Lo LSEo31 North 1.0203 1.0203 1.0203 1.0203 1.0203 77.24 77.24
Fox Energy Center Unit CT 1 1.0206 1.0206 1.0206 1.0206 1.0206 68 68
Fox Energy Center Unit CT 2 1.0206 1.0206 1.0206 1.0206 1.0206 68 68
Fox Energy Center Unit ST 1.0207 1.0207 1.0207 1.0207 1.0207 68 68
Sheboygan Energy Center Unit #1 1.0203 1.0203 1.0203 1.0203 1.0203 68.03 68.03
Sheboygan Energy Center Unit #2 1.0203 1.0203 1.0203 1.0203 1.0203 68.03 68.03
Point Beach Unit #14 10205 1.0204 1.0204 1.0204 1.0205 0 68
Point Beach Unit #25 1.0205 1.0204 1.0204 1.0204 1.0205 68 0
Kewaunee G1 1.0209 1.0209 1.0209 1.0200 1.0209 68 68
Point Beach Units #1 & #26 1.0196 1.0196 1.0196 1.0196 1.0196 0 0
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1. Included for Interconnection Customer’s defined voltage levels:
d. Preferred: 352-kV to 354-kV
e. Normal: 351-kV to 358-kV
f.  Maximum Permissible: 348.5-kV to 362-kV, any voltage outside of the Maximum Permissible range would
be identified in Table H.3.3.3 as a Voltage Violation

2. The planning case used models both Point Beach units as regulating the respective POI bus voltage at the Point
Beach substation to 1.0203 p.u (352 kV).

3. Point Beach Bus Section #5 is isolated from both Point Beach generating units for this contingency. The
planning case used models the T2X03 345/13.2-kV transformer isolated at this bus with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus.

4. This contingency is intended to model the emergency trip of Point Beach Unit #1. Assumes the 13.2-kV bus is
split, separating the auxiliary loads. Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus and Transformer T2X03 is connected to Bus Section #5 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and 13.9
MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

5. This contingency is intended to model the emergency trip of Point Beach Unit #2. Assumes the 13.2-kV bus is
split, separating the auxiliary loads. Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus and Transformer T2X03 is connected to Bus Section #5 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and 13.9
MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

6. This contingency is intended to model an emergency dual unit trip modeled by the outage of each Point Beach
generating unit, but maintaining the auxiliary load connection to the transmission system. Transformer T1X03
is connected to Bus Section #1 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV bus and Transformer
T2X03 is connected to Bus Section #5 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV bus. Both generator
Auxiliary loads are fed from their generator GSUs (23.4 MW and 13.9 MVAR each) and do not trip and are not
moved. The Control Area replacement power was imported from TVA.
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Table H.3.3.6.1 — Voltage Measurements at the Point Beach 345-kV Substation with Fix2 (East
Switching Station), Summer 2013 Off-Peak Load with Selected Contingencies’

Voltage?(p.u.)

MVAR output (Gross)

Contingency Point | Point
Beach G1 | Beach G2
Intact System 1.0202 114.64 114,64
Point Beach BS 2-3 10203 10203 1.0203 10203 10202 132,69 86.09
Point Beach BS 2~ Forest Junction 345-kV 10202 10203 10203 10203 10202 104.49 104.49
Line 121
Point Beach BS 1-2 10141 10203 1.0203 10203 10202 113.65 113.65
Point Beach BS 4-5° 10202 10203 1.0203 10203 1011 106.77 106.77
Point Beach BS 3-4 10203 1.0203 10203 10203 1.0202 1376 120.76
Point Beach Bfir&;’e‘g‘;" River 345-kV 10202 10203 10203 10203 1.0203 110.83 110.83
Forest Junction -~ Fox River 345-kV 10202 10203 10203 10203 1.0203 117.65 117.65
Line 971L71
Point Beach BS 1 ‘Lisn';e:’;’%'ga“ Energy 345-kV 10203 1.0203 10203 10203 1.0202 115.52 115.52
Point Beach BS 3 - Kewaunee 345-kV 10202 10203 10203 10203 1.0202 122.02 122.02
Line Q-303
Forest Junction — Cypress 345-kV 1.0202 10203 10203 10203 10202 120.41 120.41
Line 971151
Forest Junction 345/138-kV 1.0202 10203 10203 1.0203 1.0202 108.13 108.13
Transformer T1
Forest Junction 345/138-kV 10202 10203 10203 10203 1.0202 108.13 108.13
Transformer T2
Fox River —N. Appleton 345-kV 10202 1.0203 10203 1.0203 10202 109.03 109.03
Line 6832
Sheboygan Energy — New East 345-kV
e a1 North 10203 10203 10203 10203 10202 115.37 115.37
Fox Energy Center Unit CT 17 N/A N/A NIA N/A N/A N/A N/A
Fox Energy Center Unit CT 27 N/A N/A N/A N/A N/A N/A N/A
Fox Energy Center Unit ST N/A N/A N/A N/A N/A N/A N/A
Sheboygan Energy Center Unit #1 10202 10203 1.0203 10203 1.0202 126.03 126.03
Sheboygan Energy Center Unit #27 N/A N/A NIA N/A NIA N/A N/A
Point Beach Unit #1¢ 10203 10203 1.0203 1.0203 10203 0 148.1
Point Beach Unit #25 10203 10203 1.0203 1.0203 1.0203 148.1 0
Kewaunee G1 10203 10203 1.0203 1.0203 1.0202 97.36 97.36
Point Beach Units #1 & #25 10178 10178 1.0178 10178 10177 0 0
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1. Included for Interconnection Customer’s defined voltage levels:
a. Preferred: 352-kV to 354-kV
b. Normal: 351-kV to 358-kV
¢. Maximum Permissible: 348.5-kV to 362-kV, any voltage outside of the Maximum Permissible range
would be identified in Table H.3.3.3 as a Voltage Violation

2. The planning case used models both Point Beach units as regulating the respective POI bus voltage at the Point
Beach substation to 1.0203 p.u (352 kV).

3. Point Beach Bus Section #5 is isolated from both Point Beach generating units for this contingency. The
planning case used models the T2X03 345/13.2-kV transformer isolated at this bus with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus.

4. This contingency is intended to model the emergency trip of Point Beach Unit #1. Assumes the 13.2-kV bus is
split, separating the auxiliary loads. Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus and Transformer T2X03 is connected to Bus Section #5 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and 13.9
MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

5. This contingency is intended to model the emergency trip of Point Beach Unit #2. Assumes the 13.2-kV bus is
split, separating the auxiliary loads. Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus and Transformer T2X03 is connected to Bus Section #5 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and 13.9
MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

6. This contingency is intended to model an emergency dual unit trip modeled by the outage of each Point Beach
generating unit, but maintaining the auxiliary load connection to the transmission system. Transformer T1XO03
is connected to Bus Section #1 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV bus and Transformer
T2X03 is connected to Bus Section #5 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV bus. Both generator
Auxiliary loads are fed from their generator GSUs (23.4 MW and 13.9 MVAR each) and do not trip and are not
moved. The Control Area replacement power was imported from TVA.

7. Fox Energy Center Units and Sheboygan Energy Center Unit #2 are off-line in the study case.
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Table H.3.3.6.2 — Voltage Measurements at the Point Beach 345-kV Substation with Fix2 (East
Switching Station), Summer 2013 Off-Peak Load with Selected Contingencies’
With Minimum Excitation Limits

Voltage?(p.u.) MVAR output (Gross)

Contingency Point Point Point Point Point
Beach Beach Beach Beach Beach
Bus #1 Bus #2 Bus #3 Bus #4 Bus #5

Point Point
Beach G1 | Beach G2

Intact System 10202 1.0203 1.0203 10203 1.0202 114.64 114.64
Point Beach BS 2-3 10203 1.0203 10203 1.0203 1.0202 132,69 86.09
Point Beach BS 2 - Forest Junction 345-kV 1.0202 1.0203 10203 1.0203 1.0202 104.49 104.49
Line 121
Paint Beach BS 1-2 1.0141 10203 10203 1.0203 10202 113.65 113.65
Point Beach BS 4-53 10202 10203 10203 1.0203 1011 106.77 106.77
Point Beach BS 3-4 10203 1.0203 10203 10203 1.0202 1376 120.76
Point Beach Bfige‘f;‘ix River 345-kV 1.0202 10203 1.0203 10203 1.0203 11083 110.83
Forest Junction — Fox River 345-kV 1.0202 1.0203 1.0203 1.0203 1.0203 147,65 117.65
Line 971L71
Point Beach BS 1 ‘Lisnr;emga“ Energy 345-kV 1.0203 1.0203 1.0203 10203 1.0202 115,52 115.52
Point Beach BS 3 - Kewaunee 345-kV 1.0202 10203 1.0203 1.0203 1.0202 122,02 122.02
Line Q-303
Forest Junction - Cypress 345-kV 1.0202 1.0203 1.0203 10203 1.0202 120.41 120.41
Line 971L51
Forest Junction 345/138-kV 10202 10203 1.0203 1.0203 1.0202 108.13 108.13
Transformer T1
Forest Junction 345/138-kV 10202 10203 10203 1.0203 10202 108.13 108.13
Transformer T2
Fox River —N. Appleton 345-kV 1.0202 1.0203 1.0203 1.0203 1.0202 109.03 109.03
Line 6832
Sheboygan Energy — New East 345-kV
o ot North 1.0203 1.0203 1.0203 1.0203 1.0202 115.37 115.37
Fox Energy Center Unit CT 17 N/A N/A N/A N/A N/A N/A N/A
Fox Energy Center Unit CT 27 N/A N/A N/A N/A N/A N/A N/A
Fox Energy Center Unit ST7 N/A N/A N/A N/A N/A N/A N/A
Sheboygan Energy Center Unit #1 1.0202 1.0203 1.0203 1.0203 1.0202 126.03 126.03
Sheboygan Energy Center Unit #27 N/A N/A N/A N/A N/A N/A N/A
Point Beach Unit #1¢ 10203 10203 1.0203 1.0203 1.0203 0 145.2
Point Beach Unit #25 1.0203 1.0203 1.0203 1.0203 1.0203 145.2 0
Kewaunee G1 1.0203 1.0203 1.0203 1.0203 1.0202 97.36 97.36
Point Beach Units #1 & #26 10178 1.0178 1.0178 10178 1.0177 0 0
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1. Included for Interconnection Customer’s defined voltage levels:
a. Preferred: 352-kV to 354-kV
b. Normal: 351-kV to 358-kV
¢. Maximum Permissible: 348.5-kV to 362-kV, any voltage outside of the Maximum Permissible range
would be identified in Table H.3.3.3 as a Voltage Violation

2. The planning case used models both Point Beach units as regulating the respective POI bus voltage at the Point
Beach substation to 1.0203 p.u (352 kV).

3. Point Beach Bus Section #5 is isolated from both Point Beach generating units for this contingency. The
planning case used models the T2X03 345/13.2-kV transformer isolated at this bus with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus.

4. This contingency is intended to model the emergency trip of Point Beach Unit #1. Assumes the 13.2-kV bus is
split, separating the auxiliary loads. Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus and Transformer T2X03 is connected to Bus Section #5 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and 13.9
MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

5. This contingency is intended to model the emergency trip of Point Beach Unit #2. Assumes the 13.2-kV bus is
split, separating the auxiliary loads. Transformer T1X03 is connected to Bus Section #1 with 2.5 MW and 2.1
MVAR of load at the 13.2-kV bus and Transformer T2X03 is connected to Bus Section #5 with 2.5 MW and
2.1 MVAR of load at the 13.2-kV bus. The Auxiliary load fed from the generator GSU (23.4 MW and 13.9
MVAR) does not trip and is not moved. The Control Area replacement power was imported from TVA.

6. This contingency is intended to model an emergency dual unit trip modeled by the outage of each Point Beach
generating unit, but maintaining the auxiliary load connection to the transmission system. Transformer T1X03
is connected to Bus Section #1 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV bus and Transformer
T2XO03 is connected to Bus Section #5 with 2.5 MW and 2.1 MVAR of load at the 13.2-kV bus. Both generator
Auxiliary loads are fed from their generator GSUs (23.4 MW and 13.9 MVAR each) and do not trip and are not
moved. The Control Area replacement power was imported from TVA.

7. Fox Energy Center Units and Sheboygan Energy Center Unit #2 are off-line in the study case.
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Table H.3.3.7 — Identified Thermal Violations under select NERC Category C.3 events'
(TDF>5%), Summer Off-Peak 2013 70% Load Delivery to MISO with Fix2 (East Switching
Station), Competing Wind Farms at 100% output

Lo Existing | Required Potential
lé;?r::::g Rating Rating®> Doublevgg;s;:ngency Solution
(MVA Identified
Point Beach-Sheboygan Energy Center 345 Cypress-Arcadian 345 kV line and 4
KV line 4B8SE | BB6SE | \oih Appleton-Fitzgerald 345 kv fine | 1% | Yes
. New East-Granville 345 KV line and 5
New East-Cedarsauk 345 kV line 653 SE 997 SE Cypress-Arcadian 345 kV line N/A No
Elkhart Lake-Saukville 138 kV line 88 SE 146 SE N/A No®
Cypress-Arcadian 345 KV line 488 SE 584 SE | New East-Granville 345 KV line and N/A No?
New East-Cedarsauk 345 kV line
Lau Rd (G611)-Elkhart Lake 138 kV line 96 SE 166 SE N/A No8
. New East-Cedarsauk 345 kV line and 9
Granville 345/138 kV transformer T1 504 SE 541 SE Granville 345 kV bus tie 2-3 N/A No
. Cypress-Arcadian 345 kV line and
Granville 345/138 kV transformer T3 478 SE 544 SE Granville 345 KV bus tie 1-2 123 % No'0

1. NERC Category C.3 events studied are limited to the concurrent outage of two elements without
manual system adjustments between outages. The transmission elements studied are local 345-kV
and 138-kV facilities determined relevant based on engineering judgment.

2. Includes provision for 5% TRM. The required ratings are calculations using AC analysis in PSS/E
dispatching G833/J022 and G834/J023 to all MISO generation.

3. SE = Summer Emergency

4. The line will be uprated to 1095 MVA (1834 A) per ATC Project PR03208. Estimated in-service
date is 4/25/2010.

5. Portion (~24 miles) of the existing line 796141 (~33.3 miles) going southerly to Cedarsauk 345
kV line needs to be uprated to achieve at least 997 MVA SE. The existing line rating is limited by
the line clearance (2156 ACSR @ 129F)

6. Generation redispatch using local generators would address the issue. It is limited by the existing
line conductor (1-477 and 1-4/0 ACSR, 33.73 mile)

7. The line will be uprated to at least 572 MVA as part of G833/4-J022/3 interim upgrades. Whether
additional 14 MVA is achievable without any significant constraints needs to be confirmed with
Project Team. Generation redispatch using local generators would address the issue.

8. The line will be uprated to 112 MVA per G611/G927 G-T interconnection. Generation redispatch
using local generators would address the issue. It is limited by the existing line conductor (4/0
ACSR, 28.9 mile: Forest Junction-Elkhart Lake)

9. Generation redispatch using the local generators would address the issue. It is limited by the
transformer. The bus tie outage is not considered as NERC Category B contingency, but it is
listed in the table for informational purpose.

10. Generation redispatch using the local generators would address the issue. It is limited by the
transformer (504 MV A SE) and equipment associated with the transformer. The bus tie outage is
not considered as NERC Category B contingency, but it is listed in the table for informational

purpose.
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Table H.3.3.8 — Identified Thermal Violations under select NERC Category C.3 events’
(TDF>5%), Summer Peak 2013 100% Load Delivery to MISO with Fix2 (East Switching
Station), Competing Wind Farms at 20% output

s Existing | Required Potential
!E-‘(r::::g:\gt Rating Ratingts Doublev(gg:\st:n enc Solulion
(MVA) | (MVA) gency Identified
New East-Sheboygan Energy Center
Point Beach-Forest Junction 345 kV line 883 SE 944 SE 345 kV line and Point Beach 345 kV 46 % No*
bus tie 2-3
Forest Junction-Fox River 345 kV line 1006SE | 12205 | North Appleton-Fox River 345 kVline | g o | s

and Point Beach 345 kV bus tie 34

Point Beach 345 kV bus tie 2-3 and
488 SE 649 SE Point Beach-Forest Junction 345 kV 52.9 % Yes®
line

Point Beach-Sheboygan Energy Center 345
kV line

New East-Sheboygan Energy Center
Neevin-Woodenshoe 138 kV line 332 SE 355 SE 345 kV line and North Appleton- N/A No?
Fitzgerald 345 kV line

New East-Sheboygan Energy Center

Kewaunee-East Krok 138 kV line 287 SE 322 SE 345 kV line and North Appleton- N/A No#

Kewaunee 345 kV line

New East-Granville 345 kV line and

New East-Cedarsauk 345 kV line 653 SE 756 SE New East-South Fond du Lac 345 kV N/A No®

line

1. NERC Category C.3 events studied are limited to the concurrent outage of two elements without manual
system adjustments between outages. The transmission elements studied are local 345-kV and 138-kV
facilities determined relevant based on engineering judgment.

2. Includes provision for 5% TRM. The required ratings are calculations using AC analysis in PSS/E
dispatching G833/J022 and G834/J023 to all MISO generation.

3. SE = Summer Emergency

4. Generation redispatch using local generators or taking the bus tie out of service during Point Beach
generation refueling outage window would address the issue. It is limited by the portion of the existing line
conductor (1-2156 ACSR, 30.75 mile). The bus tie outage is not considered as NERC Category B
contingency, but it is listed in the table for informational purpose.

5. Generation redispatch using local generators or taking the bus tie out of service during Point Beach
generation refueling outage window would address the issue. It is limited by the portion of the existing line
conductor (1-2156 ACSR, 11.32 mile). The bus tie outage is not considered as NERC Category B
contingency, but it is listed in the table for informational purpose.

6. The line will be uprated to 1095 MVA (1834 A) per ATC Project PR03208. Estimated in-service date is
4/25/2010. The bus tie outage is not considered as NERC Category B contingency, but it is listed in the table
for informational purpose.

7. Generation redispatch using local generators would address the issue. It is limited by the existing line
conductor (1-795 ACSR, 4.4 mile)

8. Generation redispatch using local generators would address the issue. It is limited by the terminal equipment.

9. Portion (~24 miles) of the existing line 796L41 (~33.3 miles) going southerly to Cedarsauk 345 kV line
needs to be uprated to achieve at least 997 MVA SE. The existing line rating is limited by the line clearance
(2156 ACSR @ 129F)
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Table H.3.3.9 — Identified Thermal Violations under select NERC Category C.5 events'

Station), Competing Wind Farms at 100% output

(TDF>5%), Summer Off-Peak 2013 70% Load Delivery to MISO with Fix2 (East Switching

Existing Required Potential
Limiting Rating Rating?? Doublev(‘:’g:ast:n onc 1(-3 ;: Solution
Element (MVA) (MVA) goncy ° | Identified
. Germantown-Maple-Saukville 138 kV
Point Beach-Sheboygan Energy Conter 345 | 4ggsE | 529SE | line and Cypress-Arcadian 345KV | 526% | Yest
line
New East-Granville 345 kV line and
New East-Cedarsauk 345 kV line 653 SE 870 SE Howard Grove-Plymouth #4-Holland N/A Nos
138 kV line

NERC Category C.5 events studied are limited to the simultaneous outage of any two circuits of a
multi-circuit towerline. The transmission elements studied are local 345-kV and 138-kV facilities
determined relevant based on engineering judgment.

Includes provision for 5% TRM. The required ratings are calculations using AC analysis in PSS/E
dispatching G833/J022 and G834/J023 to all MISO generation

SE = Summer Emergency

The line will be uprated to 1095 MVA (1834 A) per ATC Project PR03208. Estimated in-service date
is 4/25/2010

Portion (~24 miles) of the existing line 796L41 (~33.3 miles) going southerly to Cedarsauk 345 kV
line needs to be uprated to achieve at least 997 MVA SE. The existing line rating is limited by the line
clearance (2156 ACSR @ 129F).

Table H.3.3.10 — Identified Thermal Violations under select NERC Category C.5 events'
(TDF>5%), Summer Peak 2013 100% Load Delivery to MISO with Fix2 (East Switching

Station), Competing Wind Farms at 20% output
Existing Required Potential
C o © : Worst TOF i
Limiting Rating I_Jgf{atmg?‘3 : Solution
Element MVA) | (VA Double Contingency (%) | identified

None identified -

1.

NERC Category C.5 events studied are limited to the simultaneous outage of any two circuits of a
multi-circuit towerline. The transmission elements studied are local 345-kV and 138-kV facilities
determined relevant based on engineering judgment.
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Table H.3.3.11 — Identified Voltage Violations under select NERC Category C.5 events’
Summer Off-Peak 2013 70% Load Delivery to MISO, with Fix2 (East Switching Station),
Competing Wind Farms at 100% output

Voltage (p.u.)

oo Potential
Limiting Worst .

: Pre Post AV (p.u.) Solution

Element Contingency' G8334- | G834 Identified

J022/3 J02213

None Identified - - - - .

1. NERC Category C.5 events studied are limited to the simultaneous outage of any two circuits
of a multi-circuit towerline. The transmission elements studied are local 345-kV and 138-kV
facilities determined relevant based on engineering judgment.

Table H.3.3.12 — Identified Voltage Violations under select NERC Category C.5 events’
Summer Peak 2013 100% Load Delivery to MISO, with Fix2 (East Switching Station),
Competing Wind Farms at 20% output

Voltage (p.u.)

- Potential
Limiting Worst Post AV i

! p.u.) Solution
Element Contingency' G833/4- Identified

402213

None ldentified - - - - .

1. NERC Category C.5 events studied are limited to the simultaneous outage of any two circuits
of a multi-circuit towerline, The transmission elements studied are local 345-kV and 138-kV
facilities determined relevant based on engineering judgment.
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Appendix I: Minimum Excitation Limits at Point Beach and
Kewaunee with Proposed Solution

American Transmission Company Page 128 of 132 10/2/2009



(833/4-J022/3 1SIS Report

Minimum Excitation Limits (MELSs) at Point Beach and Kewaunee with
Proposed Solution

Based on the study results in Section H.3.2 of Appendix H.3, the minimum excitation
limit study results with the proposed solution (Fix 11) is tabulated in Table 1.1. With all
Network Upgrades of G833/4-J022/3 in-service and based on the study results shown in
Table 1.1 in this ISIS report, the Point Beach and Kewaunee units would need to maintain
the following minimum excitation levels to ensure synchronism of these and nearby
generators:

= Post completion of the Proposed Solution and the Kewaunee bus reconfiguration
project (With both Point Beach Units #1 and #2 upgraded)

o Point Beach G1 and G2: 12 MVAR or higher per unit (gross)
o Kewaunee G1: -19 MVAR or higher (gross)

»  Table 1.1 proves that installing a new Q-303 breaker in series with the existing
breaker which is one of the G833/4-J022/3 “Interim” Network Upgrades is also
beneficial for long-term system operation because Q-303 breaker failure appears
to the most restrictive contingency causing less improvement in MELs. This is

same for alternatives Fix 5 and Fix 13.

Table I.1. Minimum Excitation Limit Study Results
(With G833/4-J022/3, With Proposed Solution and Kewaunee Reconfiguration

Complete)
With Proposed Solution
(KV and gross MVAR level at POB and KEW for stable system under critical fauits)
Ir(ljtlz::tc(ﬂasl,:tzglf:;; r::;:nr High Gen Scenario Low Gen Scenario Comment
. & (Gross MVAR) (Gross MVAR) ¢
times)
346 kV or higher 346 kV or higher
L1111 BF @ POB (POB G1:-20.7 (POB G1:4.8
(3.5/9.0/4.5) POB G2: -20.7 POB G2: 4.8 Thus, minimum excitation
KEW Gl1:-31.4) KEW G1:-24.5) limits with Proposed Solution
- - in-service and Point Beach
346 kV or higher 347 kV or higher unit 1 & 2 upgraded) are:
L151 BF @ POB (POB G1:-20.7 (POB G1: 11.9
(3.5/9.5/4.5) POB G2: -20.7 POB G2: 11.9 POB GI: 11.9 MVAR gross
KEW G1:-31.4) KEW G1:-19.6) POB G2: 11.9 MVAR gross
KEW G1:-19.6 MVAR gross
349 kV or higher * 350 kV or higher * (Assuming Q-303 series breaker
Q303 BF @ POB * (POB G1: %1_5 (POB GI: §3.9 at Point Beach installed)
(3.5/9.25/4.5) POB G2: 31.5 POB G2: 33.9 o
(See Comment) KEW G1: 13.5) KEW G1: 6.8) * Result of Q303 BF is valid
only if Q303 relays are
345 kV or higher 345 kV or higher upgraded instead of a new
R304 BF @ KEW (POB G1: -37.9 (POB G1: -2.9 Q303 series breaker
(3.5/9.5/4.5) POB G2: -37.9 POB G2:-2.9
KEW G1:-53.8) KEW G1: -41.4)
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Appendix J: Project One Line Diagram of Propose Solution
(Fix 11 and Uprating New East-Cedarsauk 345 KV line)

Note:
The project diagram does not show the required long-term network upgrade at the Point Beach substation

(e.g. adding a new breaker in series with the existing Q303 line breaker) because the Q-303 breaker
addition is already required for interim period operation.
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< Uprate Southern Portion of the existing line 796L41 to Cedarsauk 345 kV substation >

New East 345
kV Substation
A
~1 mile from A
NewEast345 | |1
kV Substation
Y
f 796L41 East (To Edgewater)
Existing line
796L41 South
(To Cedarsauk)
/ To Granville
A\
.
Cedarsauk 345
kV substation

PROJECT NOTES

Perform line clearance study and uprate the southern portion of the existing line 796L41 to Cedarsauk 345 kV

@ substation to at least 360 MVA (SE). If some of the existing structures need to be replaced with new
structures, the new structures should be designed for ATC standard operating temperatures {200/300F for
SN/SE).

@ Upgrade 1200:5 (3000:5 full ) CTs on the Cedarsauk 345 kV ring bus to achieve at least 960 MVA (SE)
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