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NOTE:

The conclusions and recommendations in this report are based on the results presented in Attachment B:
Engineering Connection Assessment: Study Results, which was prepared by a third party consultant in
accordance with the AESO Connection Process.

The AESO has reviewed the Engineering Connection Assessment: Study Results, and finds it acceptable
for the purpose of assessing the potential impacts of the proposed connection on the performance of the
Alberta interconnected electric system.
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1 Introduction

This AESO Engineering Connection Assessment describes the engineering studies that were completed
to assess the impact of the Project (as defined below) on the performance of the Alberta interconnected
electric system (AIES). This report also provides the AESO’s conclusions and recommendations based on
the results of the engineering studies.

Attached to this Engineering Connection Assessment are the results of the engineering studies (see
Attachment B) and the scope and methodology used to perform the studies (see Attachment B1 to
Attachment B). These attachments provide details regarding the technical criteria, assumptions, and
methods for performing these engineering studies, and the results of the engineering studies.

1.1 Project Overview

ATCO Electric Ltd. (Market Participant), in its capacity as the legal owner of an electric distribution system
(DFO), has submitted a request for system access service to the Alberta Electric System Operator (AESO)
to serve new load in the Grand Prairie area (Area 20).

The DFOQO'’s request includes a new Rate DTS, Demand Transmission Service, contract capacity of 28 MW,
in the Grand Prairie area and a request for transmission development (collectively, the Project). Details on
the need for transmission development are provided in the DFO'’s Distribution Deficiency Report (DDR).

The scheduled in-service date (ISD) for the Project is April 1, 2028.

Template Version: V4.1-2024-09-10 1 Public
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2 Assessment Scope

2.1 Objectives

The objectives of the AESO Engineering Connection Assessment are as follows:
o Assess the impact of the Project on the performance of the AIES.
o Evaluate Project connection alternatives and identify the AESO’s preferred alternative.
e Recommend mitigation measures, if required, to reliably connect the Project to the AIES.

e |dentify Project dependencies, including any TFO projects or AESO plans to expand or enhance
the transmission system that must be completed prior to connection.

2.2 Existing System

Geographically, the Project is located in the AESO planning area Grand Prairie (Area 20), which is part of
the AESO’s Northwest planning region. Grande Prairie area is surrounded by the planning areas of Peace
River (Area 19), Valleyview (Area 23), and Grande Cache (Area 22).

From a transmission system perspective, Grande Prairie area consists primarily of a 144 kV transmission
system. Grande Prairie area is connected to Peace River via one 144 kV transmission line 7L73; to
Valleyview via three 144 kV transmission lines 7L32, 7L45, and 7L46; and to Grande Cache via one 144
kV transmission line 7L.228.

Existing constraints in the Northwest planning region are managed in accordance with the procedures set
out in Section 302.1 of the ISO rules, Real Time Transmission Constraint Management (TCM Rule).

2.3 Study Area

The Study Area for the Project consists of the AESO Planning areas of Peace River (Area 19), Grande
Prairie (Area 20), Grande Cache (Area 22), and Valleyview (Area 23), including the tie lines connecting
these planning areas to the rest of the AIES. All transmission facilities within the Study Area will be studied
and monitored for violations of the Reliability Criteria (defined in Section 3.1 of Attachment B1: Engineering
Connection Assessment Scope).

Template Version: V4.1-2024-09-10 2 Public
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3 Connection Alternatives

3.1 Overview

The AESO, in consultation with the TFO in the Study Area and the DFO, examined 9 transmission and
distribution alternatives to meet the DFO’s request for system access service, as detailed in Section 3.2.1
The DFO has evaluated and ruled out the Distribution only alternatives due to lack of capacity to serve the
proposed load.?

3.2 Connection Alternatives Examined

Below is a description of the developments associated with the transmission alternatives that were
examined for the Project.

Alternative 1 — Point of Delivery with a T-tap connection to the 144 kV transmission line 7L228

This alternative includes the following developments:

e Add one point of delivery (POD) substation, including one 144/25 kV transformer, and one 144
KV circuit breaker;

e Add one 144 kV circuit, approximately 15 km in length3, to connect the proposed POD
substation to the existing 144 kV transmission line 7L228 (between Big Mountain 845S and
Thornton 2091S substations) using T-tap configuration; and

e Add or modify associated equipment as required for the above transmission developments.

The proposed connection configuration is shown in Figure 3-1.

" These alternatives reflect more up to date engineering design than the alternatives identified in ATCO’s Distribution Deficiency
Report, See Appendix D of Needs Identification Document.

2 ATCO’s Distribution Deficiency Report, See Appendix D of Needs Identification Document.
3 Exact line length to be determined by TFO

Template Version: V4.1-2024-09-10 3 Public
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Figure 3-1: Connection Alternative 1

ae€So

. ®
P27 1 6 Alte m atlve 1 MGE}E?H % ;é’) @ A GosGenerator [ 138 or 144 KV Substation & 138/144 kY Double Circuil
Area Transmission MOWAT (Mo NER A Other Generator [l 240 kV Substation — 2a0kv
Syst 20338 S Sa(dsd[‘ﬁ':')‘"s s ro E‘;';"ﬂfy Load = = = Future 138/144 KV T 240 kY Double Circuit
ystem . 5 C o Future 1as iy 138M4dkY P2716 Project Area
L 1 Substation AESO Planning Areas
7L10 RYCROFT
RT\?IIE;U?;S eReservet| 7305
Rycroft
SADDLE (ERV1)
Fopl ey 7L06 (¢ & 710 (to High
oplar | o 8655 0 E10) o Hig
L 7005 R 7L22 CLAIRMONT Donnelly 7845) 2 g Prairie 7875)
A LAKE 8118 gé TRIANGLE
S| _ LOWE =0 8828
Wembley = MERCER 30
(WEM1) LAKE SOUTH s
e - Pk 9445 HILL 7285" BEZANSON C
S eResenved | O— 7L48 7L48 (to High
M Hill iri
(eé(':ie\;a)l g ALBRIGHT 7132 Prairie 7873)
p B wiLson ] VALLTISI\S/IEW
- Grande 7528
GOODFARE L (]
Drairia CRYSTAL PROCTER
ETESR?;;)EQ 8158 cram LAKE 7225 & GAMBLE
< <
2 L swoT g Fatiil:-
— 7L03 LAKE 7495 Weyerhaeuser [y
~ (WEY1) %‘Be%gg{‘ 2 /alley
BEAR LITTLE
2 7L13 7LA13 CREEK SMOKY
JL Landry = 6795 8138
ELMWORTH (NPC2) FOR S ¢ ¢ 1% T
7318 Elmworth eReserve7-8 g 7Las —
(NPC3) (ERV7-8) MO;EEA'N w© < 7L46 AR
9 &
WAPITI 3 " Gold Creek 233
8235 ._‘ Facility (GOC1) 8729
BRIDGE STURGEON .: A IERE:
P2716: Wapiti | £5 CREEK 7348 STURGEC;N 2 ]
823S Load LJL ' i5km 7988 % 8815 5 5
=
g 7L56 (to Louise
= Creek 8098)
DOME ~ O
CUTBANK GOOSE
3108 SIM703N3IESTTE RIVER 7258
Currency Date: 2025-07-03 FOX CREEK
This diagram contains a simplified H.R. MILNER 7418
version of the system configuration 7408 > o
Technical detail has been simplified f =85
for illustration purpases. It does not Milner MUIR A~ 85 3
indicate geographical locations of facilities. (HRM) 20188 =2
Alternative 2 — POD with an in-and-out connection to the 144 kV transmission line 7L228
This alternative includes the following developments:

e Add one POD substation, including one 144/25 kV transformer, and one 144 kV circuit breaker;

e Add one 144 kV switching substation, including three 144 kV circuit breakers, connected to the
existing 144 kV transmission line 7L228 (between Big Mountain 845S and Thornton 2091S
substations) using an in-and-out configuration#;

e Add one 144 kV circuit, approximately 15 km in length#, to connect the POD substation to the
144 KV switching substation; and

e Add or modify associated equipment as required for the above transmission developments.

4 Exact location of the substation and circuit length will be determined by the TFO
Template Version: V4.1-2024-09-10 4 Public
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The proposed connection configuration is shown in Figure 3-2
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Figure 3-2: Connection Alternative 2
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Alternative 3 — POD with a T-tap connection to the 144 kV transmission 7L46

This alternative includes the following developments:

Add one POD substation, including one 144/25 kV transformer, and one 144 kV circuit breaker;
Add one 144 kV circuit, approximately 25 km in length®, to connect the proposed POD to the

existing 144 kV transmission line 7L46 (between Big Mountain 845S and Little Smoky 813S
substations) using a T-tap configuration, which would require crossing the 144 kV transmission

line 7L228; and

5 Exact line length to be determined by TFO

Add or modify associated equipment as required for the above transmission developments.
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The proposed connection configuration is shown in Figure 3-3.

Figure 3-3: Connection Alternative 3
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Alternative 4 — POD with an in-and-out connection to the 144 kV transmission line 7L46

This alternative includes the following developments:

e Add POD substationincluding one 144/25 kV transformer, and one 144 kV circuit breaker;

e Add one 144 kV switching substation, including three 144 kV circuit breakers, connected to the
existing 144 kV transmission line 7L46 (between Big Mountain 845S and Little Smoky 813S
substations) using an in-and-out configuration 8, which would require crossing the 144 kV

transmission line 7L228;

6 Exact location of the substation and circuit length will be determined by the TFO
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e Add one 144 kV circuit, approximately 25 km in length?, to connect the proposed POD to the
144 kV switching substation; and

e Add or modify associated equipment as required for the above transmission developments.
The proposed connection configuration is shown in Figure 3-4.

Figure 3-4: Connection Alternative 4
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Alternative 5 — POD with a radial connection to the Wapiti 823S Substation
This alternative includes the following developments:

e Add one POD substation, including one 144/25 kV transformer, and one 144 kV circuit breaker;

7 Exact line length to be determined by TFO
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e Add one 144 kV circuit, approximately 28 km in length8, to connect the proposed Pakenham
21038 substation to the existing Wapiti 823S substation using a radial configuration;

e Modify Wapiti 823S substation, including adding one 144 kV circuit breaker; and
e Add or modify associated equipment as required for the above transmission developments.
The proposed connection configuration is shown in Figure 3-5.

Figure 3-5: Connection Alternative 5
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Alternative 6 — POD with a radial connection to the Big Mountain 845S substation
This alternative includes the following developments:

e Add one POD substation, including one 144/25 kV transformer, and one 144 kV circuit breaker;

8 Exact line length to be determined by TFO
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e Add one 144 kV circuit, approximately 33 km in length®, to connect the proposed POD
substation to the existing Big Mountain 845S substation using a radial configuration;

e Modify Big Mountain 845S substation, including adding one 144 kV circuit breaker; and
e Add or modify associated equipment as required for the above transmission developments.
The proposed connection configuration is shown in Figure 3-6.

Figure 3-6: Connection Alternative 6
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Alternative 7 — Upgrade Wapiti 823S substation

This alternative includes the following developments:

e Upgrade the existing Wapiti 823S substation, including adding one 144/25 kV transformer; and

9 Exact line length to be determined by TFO
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The proposed connection configuration is shown in Figure 3-7.

Figure 3-7: Connection Alternative 7
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3.3 Connection Alternatives Not Selected for Further Study

Alternatives 2, 3, 4, 5 and 6 involve increased transmission development and hence increased cost,
compared to Alternatives 1 and 7, and were therefore ruled out.

Additional Information Provided by the TFO and DFO

To support the AESO’s alternative selection decision, the TFO and DFO provided cost information and the
TFO provided an environment and land use assessment for Alternatives 1 and 7.
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In addition to the transmission facilities described above, the DFO has advised that Alternative 1 would
require the addition of two distribution feeders approximately 1 km in length each. The DFO advised that
Alternative 7 would require adding three distribution feeders, each approximately 38 km in length with two
voltage regulators and one 3 Mvar reactive compensator.

The cost estimate summary is provided in Table 3-1, which indicates that Alternative 7 has an overall higher
cost than Alternative 1.

Table 3-1: Cost Estimate Summary

Cost of the Cost of the
Alternative Alternative Description Transmission Distribution Total cost
No. Component Component
(+50%/-30%)1° (+50%/-30%) "
1 T-Tap connection to 7L228 $32.1 million $0.7 million $32.8 million
7 Upgrade Wapiti 823S Substation $14.6 million $36.0 million $50.6 million

From an environment and land use perspective, the TFO concluded that Alternative 7 is expected to have
a greater environmental impact than Alternative 1.12

Furthermore, the DFO has advised that Alternative 7 reduces the maximum feeder capacity due to the long
distance between Wapiti 823S substation and the load center and offers limited potential for growth. '3

Alternative 7 was ruled out because it involves higher costs, greater potential for environmental impacts
and reduced feeder capacity, compared to Alternative 1.

3.4 Connection Alternatives Selected for Further Study

Alternative 1 is considered technically feasible and was selected for further study.

0 See Appendix B of Needs Identification Document.
" See Appendix D of Needs Identification Document.
2 See Appendix E of Needs Identification Document.
3 See Appendix D of Needs Identification Document.
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4  Assessment Approach

4.1 Standards, Criteria and Assumptions

A detailed description of the standards, criteria, and assumptions that were used for the connection
assessment is provided in Attachment B (see Attachment B1).

4.2 Studies Performed

Studies were performed using scenarios for 2028 Summer Peak (SP) and 2028 Winter Peak (WP). After
completion of studies, the Project DTS was increased from 21.3 MW to 28 MW. The AESO determined that
the DTS increase would not have material impact on the connection alternative, mitigation measures, or
the conclusions for the study scenarios conducted.

Short-circuit studies were performed using the 2028 WP pre-Project and post-Project scenarios, as well as
2033 WP scenarios.

The ISD used for the connection studies was based on the original ISD of March 15, 2027 (Attachment B).
The ISD of the project was later updated to April 1, 2028. The AESO determined that the ISD change does
not materially alter the connection study results or affect the conclusions and recommendations in this
report.Table 4-1 lists the study scenarios. Post-Project scenarios reflect the requested Rate DTS contract
capacity of 21.3 MW at the new Pakenham 2103 substation.

Table 4-1: Connection Study Scenarios

System Generation

Scenario New POD

No Year/Season Dispatch Scenario Name

Conditions

Load (MW)

Pre-Project

1 2028 Summer Peak (2028 SP) 2028 SP Pre-Project
- Low Generation (LG) -
2 2028 Winter Peak (2028 WP) 2028 WP Pre-Project
Post-Project
3 2028 SP G 2028 SP Post-Project 21.3™
4 2028 WP 2028 WP Post-Project 213
5 2033 WP All study area 2033 WP Post-Project 213
generation in-service

The AESO Planning Region load forecasts used for the connection studies were based on the 2023 Long-
term Outlook (2023 LTO). While the AESO has updated its regional forecasts since the connection studies
were performed, the use of the current AESO forecast, the 2024 LTO, would not materially alter the
connection study results or affect the conclusions and recommendations in this report.

4 After completion of studies, the project DTS was increased from 21.3 MW to 28 MW. A sensitivity study was performed and AESO
determined that the DTS increase would not have material impact on the connection alternative, mitigation measures, or the study
conclusions.
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4.2.1 Power Flow Studies

The purpose of the power flow studies is to identify and quantify any thermal and voltage criteria violations
in the Study Area.

In addition, power flow studies are also used to identify POD low voltage bus voltage deviations beyond the
limits listed in Table 3-1 of Attachment B — B1: Engineering Connection Assessment Scope. %

Power flow studies were performed for 2028 SP and 2028 WP pre-Project and post-Project scenarios.

4.2.2 Voltage Stability Studies

The purpose of the voltage stability studies is to determine the ability of the transmission system to maintain
voltage stability at the busses in the Study Area.

Voltage stability studies were performed for 2028 WP pre-Project and post-Project scenarios.

4.2.3 Transient Stability Studies

Since the Project connects via T-tap to 7L228, which is part of the existing RAS 171 H.R. Milner 740S
Overload and Transient Instability Mitigation logic, transient stability studies are performed to verify the
effectiveness of this RAS in mitigating pre-existing transient stability issues after the Project connection.

The transient stability study evaluates the transmission system’s stability by applying three-phase-to-
ground faults, single-phase-to-ground faults, and breaker open conditions on selected transmission lines
within the Study Area.

Transient stability studies were performed for 2028 SP pre-Project and post-Project scenarios.

4.2.4 Short-Circuit Current Level Studies

The purpose of short-circuit current level studies is to determine the expected system short-circuit current
levels in the vicinity of the Project.

Short circuit studies were performed for the 2028 WP pre-Project scenario and for 2028 WP and 2033 WP
post-Project scenarios.

4.3 Mitigation Measure Development and Evaluation

As explained in Attachment B1, mitigation measures were developed to address system performance
issues that were identified in the post-Project scenarios. Studies performed to assess the effectiveness of
mitigation measures are briefly outlined below.

4.3.1 Post-Mitigation Studies

Power flow, voltage stability and transient studies were performed to assess the impact of the Project on
the performance of the AIES following implementation of the AESO’s proposed mitigation measures.

5 The AESO’s desired post-contingency voltage deviations for low voltage busses represent guidelines rather than criteria. A POD
bus voltage deviation that exceeds the desired limits shown in Table 3-1 of Attachment B1 - Engineering Connection Assessment
Scope does not represent a Reliability Criteria violation. Mitigation measures would not be developed to specifically address POD
bus voltage deviations that exceed the desired values in Table 3-1 of Attachment B1.
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5 Interpretation of Results

5.1 Results Overview

This section provides an assessment of the impact of the Project on the performance of the AIES. The
Reliability Criteria violations observed during the connection assessment studies, and the proposed
mitigation measures are summarized in Attachment A.

e Section 5.2 includes an overview of the pre-Project studies results.
e Section 5.3 includes an overview of the post-Project studies results.

e Section 5.4 includes a description of the proposed mitigation measures to address observed
Reliability Criteria violations and an overview of the post-mitigation studies results.

Detailed study results are provided in Attachment B.
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5.2 Pre-Project Study Results

5.2.1 Category A Conditions

No Reliability Criteria violations were identified for the pre-Project scenarios under Category A conditions
(i.e., all elements in service).

The short-circuit fault levels were found to be within the typical capabilities of the nearby facilities.

5.2.2 Category B Conditions

The pre-Project power flow studies identified a number of thermal and voltage stability violations under
Category B conditions (i.e., loss of a single system element).

Voltage deviations beyond the limits listed in Table 3-1 of Attachment B — B1: Engineering Connection
Assessment Scope (hereafter referred to as POD bus voltage deviations) were observed under Category
B conditions.

Transient instability was identified under Category B conditions.

See Attachment A for details.
5.3 Post-Project Study Results

5.3.1 Category A Conditions

No Reliability Criteria violations were observed under the Category A conditions for any post-Project
scenarios. Post-Project short-circuit fault levels were not significantly higher than pre-Project levels.

The long-term short circuit levels were found to be within the designed capabilities of the nearby facilities.

5.3.2 Category B Conditions

All of the thermal, voltage and transient stability criteria violations observed in the pre-Project studies were
also observed in the post-Project studies under Category B conditions. Following the connection of the
Project, some of the Category B thermal criteria violations observed in the pre-connection assessment were
exacerbated. No new thermal, voltage or transient stability violations were observed.

No new POD bus voltage deviations were observed under Category B conditions. The observed POD bus
voltage violations under Category B were the same as the violations reported in pre-project scenarios.

5.4 Mitigation Measures

This section discusses the AESO’s proposed mitigation measures to address the system performance
issues that were identified pre-Project and post-Project.

5.4.1 Pre-Project

Prior to the connection of the Project, all of the observed thermal and voltage stability criteria violations
under Category B system conditions can be managed by using real-time operational practices (RTOP),
including dispatching generation under Transmission Must-Run (TMR) service.
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The transient stability violations can be mitigated by the existing RAS 171.

5.4.2 Post-Project

After the connection of the Project, all of the thermal, voltage range, and voltage stability criteria violations
observed under Category B system conditions can be mitigated by using RTOP, including the existing TMR
service. This project is not expected to require any additional application of TMR service beyond the existing
TMR requirements.

Transient stability violations identified under post-project Category B system conditions can be mitigated
by modifying RAS 171. The modification of RAS 171 will be completed under the TFO’s capital maintenance
program with a planned ISD of December 31, 2026. The TFO’s capital maintenance project includes
telecom additions to the 7L20/7L228 path which are needed prior to the energization of the Project.

Under Category B conditions, all of the observed Reliability Criteria violations requiring RAS were mitigated.
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6 Project Dependencies

The TFO has an ongoing capital maintenance project that adds telecom to the 7L20/7L228 path, which
reduces the fault clearing time on those lines and simplifies the existing RAS 171 logic. All transient studies
and RAS investigations were conducted with the assumption that the telecom is in-service prior to the
Project. Therefore, the telecom additions must be in-service before the energization of the Project (the TFO
has advised that it expects to have telecom in place by December 31, 2026). Otherwise, transient stability
studies are not valid, and the modified RAS design needs to be revisited.

Furthermore, the Project depends on the addition of capacitor banks which are contemplated under AESO
Project P3072 Greenview Area Load which has a planned ISD of March 1, 2028."8 If the capacitor bank
addition is delayed, further studies are required to determine required temporary mitigation. If the P3072
Greenview Area Load transmission development does not proceed, additional capacitor bank and tele-
protection scope may be required in the area.

6 The AESO expects to file its Needs Identification Document in early 2027.
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7 Conclusions and Recommendations

Based on the study results, Alternative 1 is technically viable. The connection assessment identified a
number of pre-Project and post-Project system performance issues.

All of the thermal, voltage range, and voltage stability criteria violations observed under Category B
conditions can be mitigated through RTOP, including dispatching generation under TMR service, alone or
in combination, as appropriate.

Prior to the energization of the Project, telecom will be added on the 7L20/7L228 path as part of the TFO’s
capital maintenance program, resulting in modification of existing RAS 171. The transient stability violations
under Category B system conditions can be mitigated by modified RAS 171. The Project also depends on
the addition of capacitor banks under AESO Project P3072 Greenview Area Load which has a planned ISD
of March 1, 2028. If the capacitor bank addition is delayed or cancelled, temporary mitigation and additional
transmission development may be required.

The AESO recommends proceeding with the Project using Alternative 1 as the preferred alternative to
respond to the DFO’s request for system access service. RTOP and RAS 171 are recommended to mitigate
the identified system performance issues.

Alternative 1 involves adding a substation, designated as Pakenham 2103S substation, including one 144
kV circuit breaker, and one 144/25 kV transformer with a minimum capacity of 30 MVA, and adding one
144 KV circuit to connect the Pakenham 2103S substation to the existing 144 kV transmission line 7L.228
(between Big Mountain 845S and Thornton 2091S substations) using a T-tap configuration.

The 144/25 KV transformer should have a minimum capacity of 30 MVA to meet the DFQO’s required DTS
contract capacity. The conductor used for the 144 kV circuit connecting the Project to 7L.228 should have
a thermal capacity of 110 MVA match to rating of the existing 138 kV line 7L228.
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Attachment A:
Table A-1: Summary of Category B Reliability
Criteria Violations, Project Impact and
Mitigation Measures- All Scenarios
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Attachment B:
Engineering Connection Assessment Results
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1 Introduction

This report presents the results of the engineering studies that were completed by ATCO Electric Ltd. (the
Studies Consultant) to assess the impact of the Project (as defined in the AESO’s Study Scope) on the
performance of the Alberta interconnected electric system (AIES). The studies were performed in
accordance with the AESQO’s Study Scope titled “P2716 Wapiti 823S Load” dated January 7, 2025, Version
V1.

The power system network analysis tool that was used for the studies in this connection assessment was
PSS/E version 35.
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2  Pre-Project Study Results

This section describes the results of the pre-Project power flow studies.

2.1 Power Flow Studies

Power flow diagrams illustrating the pre-Project power flow studies results for Category A and Category B
conditions are provided in Attachment A2.

2.1.1 Scenario 1: 2028 Summer Peak (SP) Low Generation (LG) Pre-Project

Category A Conditions

No Reliability Criteria violations were observed under Category A conditions.
Category B Conditions

Thermal Criteria Violations
Thermal criteria violations were observed under certain Category B conditions as shown in Table 2-1.

Table 2-1: Thermal Criteria Violations under Category B Conditions for Scenario 1

Thermal Ratings® (MVA) Pre-Project Results

Contingency

(System Violation Location Details Normal Emergency Power Flow® %
Element Lost) Rating Rating (MVA) Loading®

7L22 (Poplar
Hill 790S -
Clairmont
Lake 811S)
7L03
(Elmworth
731S -
Flyingshot
Lake 749S)
7L69
(Goodfare
8158 -
Elmworth
731S)
7L45 (Big
Mountain
845S - Little
Smoky 813S)
7L46 (Big
Mountain
845S - Little
Smoky 813S)

Voltage collapse occurred

7L22 (Clairmont Lake 811S - Saddle

Hills 865S Tap) 108.3 120.8 130.5 120.5

7L22 (Clairmont Lake 811S - Saddle

Hills 865S Tap) 108.3 120.8 131.9 121.8

7L46 (Big Mountain 845S - P2843 tap) 139 159.1 140.7 101.2

7L45 (Bridge Creek Tap — P2843 Tap) 139 159.1 150.3 108.1

Voltage Criteria Violations

The following voltage criteria violations were observed under Category B conditions as shown in Table 2-2.
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Table 2-2: Voltage Criteria Violations under Category B Conditions for Scenario 1

Violation Location . .
Details Voltage Ratings (kV) Pre-Project Results
Contingency
(System aer Post-
Element Lost) Substation Bus | Nominal Em.el.'gency Emer.gency Initial contingency
Minimum Maximum | Voltage
Name and No. No. | Voltage Voltage Voltage (kV) Steady
9 9 State (kV)
7L22 (Poplar Hill
790S —
Clairmont Lake Voltage Collapse
811S)

POD Bus Voltage Deviations

The following POD bus voltage deviations were observed under Category B conditions as shown Table
2-23.

Table 2-3: POD Bus Voltage Deviations under Category B Conditions for Scenario 1

Voltage DeV|at|.on Location Pre-Project Results
Details
Contingenc Voltage Deviations at POD Low Voltage Buses
y (System | gypstati Nomina | | ...
Element on Bus 1 Bus Volta 0 Post o o
LOSt) Name No. voltage g Pos-t % Auto % Post %
e(kV) | Transien | Chang Chang | Manua | Chang
and No. (kV) Contro
t (kV) e | (kV) e I (kV) e

7L22 (Poplar
Hill 790S —
Clairmont
Lake 8118S)

Voltage Collapse

2.1.2 Scenario 2: 2028 Winter Peak (WP) Low Generation (LG) Pre-Project

Category A Conditions

No Reliability Criteria violations were observed under Category A conditions.
Category B Conditions

Thermal Criteria Violations

Thermal criteria violations were observed under certain Category B conditions as shown in Table 2-14.
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Table 2-4: Thermal Criteria Violations under Category B Conditions for Scenario 2

Contingency

(System
Element Lost)

Violation Location Details

Thermal Ratings® (MVA)

Pre-Project Results

Normal
Rating

Emergency
Rating

Power Flow®
(MVA)

%
Loading®

7L22 (Poplar
Hill 790S -
Clairmont
Lake 811S)

Voltage collapse occurred

Voltage Criteria Violations

The following voltage criteria violations were observed under Category B conditions as shown in Table

2-25.

Table 2-5: Voltage Criteria Violations under Category B Conditions for Scenario 2

Contingency
(System
Element Lost)

Violation Location

Voltage Ratings (kV)

Pre-Project Results

Details
Emergenc Emergenc Initial Post-
Substation Bus Nominal . .g y .g y contingency
Minimum Maximum | Voltage
Name and No. No. Voltage Voltage Voltage (kV) Steady
9 9 State (kV)

7L22 (Poplar
Hill 790S —
Clairmont Lake
811S)

Voltage Collapse

POD Bus Voltage Deviations

The following POD bus voltage deviations were observed under Category B conditions as shown Table

2-26.
Table 2-6: POD Bus Voltage Deviations under Category B Conditions for Scenario 2
Voltage DeV|at|_on Location Pre-Project Results
Details
Contingenc Voltage Deviations at POD Low Voltage Buses
y (System | g pstati Nomina o
Element on Bus I Bus Initial Post
LOSt) Name No. voltage VOItag Post % Auto % Post %
and No (kV) e(kV) | Transien | Chang Contro | €hang | Manua | Chang

. t (kV) e | (kV) e I (kV) e

7L22 (Poplar
Hill 790S -
Clairmont
Lake 8118S)

Voltage Collapse
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2.2 Voltage Stability Studies

2.2.1 Scenario 2: 2028 WP Pre-Project

Voltage stability analysis was performed for scenario 2 by increasing load in Grande Prairie (Area 20) and
Grande Cache (Area 22) and increasing the generation in Wabamun (Area 40) and Fort McMurray (Area
25). The reference load level for the study area for scenario 2 is 503.2 MW. To meet the voltage stability
criteria for Category B contingencies, the required minimum incremental load transfer is 5% of the reference
load, or 25.2 MW (0.05 x 503.2 MW = 25.2 MW) for the scenario 2.

Table 2-7 provides the voltage stability study results under Category A conditions and for the six worst
contingencies under Category B conditions. The corresponding diagrams are listed in Attachment A4. The
study results show that the voltage stability margin was met for all studied conditions except for contingency
of 7L22 (Clairmont Lake 811S — Poplar Hill 790S).

Table 2-7: Voltage Stability Study Results under Category A and B Conditions for Scenario 2

Contingency Maximum Incremental Transfer Meets
(System Element From To o
(MW) Criteria?
Lost)

N-0 Base case (System Normal) 165 Yes
7L22 Poplar Hill 790S Clairmont Lake 811S 0 No
7L03 Flyingshot Lake 749S Elmworth 731S 70 Yes
7L75 Friednestal 800S West Peace River 793S 90 Yes
7L73 Friednestal 800S Rycroft 730S 110 Yes

Bear %ﬂ‘ 679S Bear Creek 679S 701T 115 Yes

2.3 Transient Stability Studies

Transient stability studies were completed under selected 3-phase and 1-phase Category B contingencies
for scenario 3 2028 SP Post-Project scenario. Transient stability studies were also completed under
selected Category B contingencies for 2028 SP Pre-Project scenario when the post-Project plots were
unstable. The following section gives a summary of the results for the studied scenario. Transient stability
plots are provided in Attachment A5. Post-RAS transient stability plots are provided in Attachment A8.

2.3.1 Scenario 1: 2028 SP Pre-Project

Scenario 1 2028 SP Pre-Project resulted in transient stability issues for both Category B 3-phase and 1-
phase contingencies of 7L20 and 7L228 as shown in Table 2-8. All the other Category B events studied
were stable.
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Table 2-8: Summary of Transient Stability Study Results under Category B Conditions for

Scenario 1
Studied Contingency Fault Description and Location Results

System Normal (Category A) Stable

7L20 (H.R. Milner 740S — Thornton 2091S) 3-phase fault at H.R. Milner 740S Unstable
3-phase fault at Thornton 2091S Unstable
1-phase fault at H.R. Milner 740S Unstable
1-phase fault at Thornton 2091S Unstable

71228 (Big Mountain 845S — Thornton 2091S) 3-phase fault at Big Mountain 845S Unstable
3-phase fault at Thornton 2091S Unstable
1-phase fault at Big Mountain 845S Unstable
1-phase fault at Thornton 2091S Unstable

Results for both ends breaker open condition for 7L20 and 7L80 for Scenario 1 2028 SP Pre-Project are

shown in Table 2-9.

Table 2-9: Transient Stability Study Results under Breaker Open Condition for Scenario 1

Category Line

Substation terminals Fault End Performance
Element
Breaker 7L20 H.R. Milner 740S | Thornton 2091S 20918 HR Milner Generators — Unstable
Open 740S Bear Creek 1 Generator - Unstable

Daishowa Generator - Unstable
CG&E Generator - Unstable
Elmworth G1 Generator - Unstable

Monitored buses voltage recovery was
oscillatory - Unacceptable
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3  Post-Project Study Results

This section describes the results of the post-Project power flow, voltage stability and transient stability
studies. The post-Project studies were performed using Alternative 1.

3.1

Power Flow Studies

Power flow diagrams illustrating the post-Project power flow studies results for Category A and Category B

conditions are included in Attachment A3.

3.1.1 Scenario 3: 2028 Summer Peak (SP) Low Generation (LG) Post-Project

Category A Conditions

No Reliability Criteria violations were observed under Category A conditions.

Category B Conditions

Thermal criteria violations were observed under Category B conditions as shown in Table 3-1.

Table 3-1: Thermal Criteria Violations under Category B Conditions for Scenario 3

Thermal Ratings?®

Pre-Project Results

Post-Project Results

Conti MVA)
entingency Violation (Post-Pre)
(System L . . Power o Power o o
Element Lost) ocation Details Norr_nal Emergency Flow® A) . Flow® A;. ] )
Rating Rating (MVA) Loading (MVA) Loading
7L22 (Poplar
Hill 790S - Voltage collapse
Clairmont occurred
Lake 811S)
7L03 7L22 (Clairmont
(Elmworth Lake 811S -
731S - ; 108.3 120.8 130.5 120.5 131.4 121.3 0.8
Flyingshot Saddsle Hills
Lake 749S) 865S Tap)
7L69 7L22 (Clairmont
(Goodfare Lake 811S -
815S - Saddle Hill 108.3 120.8 131.9 121.8 132.9 122.7 0.9
Elmworth adcre nis
865S Tap)
7318)
7L45 (Big 7L46 (Big
Mountain | \1intain 8455 - | 139 159.1 140.7 | 101.2 1482 | 106.6 5.4
8458 - Little P2843 tap)
Smoky 813S) P
L4 (Big 7L45 (P2843
. Tap — Bridge 139 159.1 150.3 108.1 158.3 113.9 5.8
8458 - Little Creek tap)
Smoky 813S) P

Voltage Criteria Violations

The following voltage criteria violations were observed under Category B conditions as shown in Table 3-2.
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Table 3-2: Voltage Criteria Violations under Category B Conditions for Scenario 3
Details of Violation Post-Proiect
(Violation Voltage Ratings (kV) Pre-Project Results Resul tjs
Observed On)

Contingency Eme %
(System rgen | Voltage
Element Substatio Nom | cy mirgen Initial Post- Initial Post- Differen

Lost) n Name Bus inal | Mini Max)ilmu Volta | contingen | Volta | contingen | ce (kV)
and No. Volta | mu m ge cy Steady ge cy Steady
Number ge m Volt (kV) State (kV) (kV) State (kV)
Vot | ‘oltage
age

7L69

(Goodfare Undike

8158 - 8%68 1114 | 144 | 130 155 140.5 130.2 140.5 1291 -0.8

Elmworth

731S)

7L22 (Poplar

CH):Ielaini(())it_ Voltage Collapse occurred

Lake 811S)

POD Bus Voltage Deviations

The following POD bus voltage deviations were observed under Category B conditions as shown Table 3-
3.

Table 3-3: POD Bus Voltage Deviations under Category B Conditions for Scenario 3

Voltage Dewatl_on Location Post-Project Results
Details
Contingenc Voltage Deviations at POD Low Voltage Buses
y (System | gpstati Nomina | | ..
Element on Bus | Bus Volia . Post . .
Lost) Name No. Voltage g Post %o Auto %o Post %
e(kV) | Transien | Chang Chang | Manua | Chang
and No. (kV) Contro
t (kV) e I (kV) e 1 (kV) e

7L22 (Poplar
Hill 790S —
Clairmont
Lake 8118S)

Voltage Collapse occurred

3.1.2 Scenario 4: 2028 Winter Peak (WP) Low Generation (LG) Post-Project

Category A Conditions

No Reliability Criteria violations were observed under Category A conditions.

Category B Conditions

Thermal criteria violations were observed under Category B conditions as shown in Table 3-4.
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Table 3-4: Thermal Criteria Violations under Category B Conditions for Scenario 4

Thermal Ratings (MVA) | Pre-Project Results | Post-Project Results

Contingency o
(System Violation Power . Power . (Post-Pre)
v Location Details | Normal | Emergency b %o % %
Element Lost) Rating Rating Flow Loading Flow Loading
(MVA) (MVA)

7L22 (Poplar
Hill 790S - Voltage collapse
Clairmont occurred
Lake 811S)

Voltage Criteria Violations

The following voltage criteria violations were observed under Category B conditions as shown in Table 3-5.

Table 3-5: Voltage Criteria Violations under Category B Conditions for Scenario 4

Details of
Violation . . Post-Project
(Violation Voltage Ratings (kV) Pre-Project Results Results
Contingenc Observed On) %
y (System Emerg Voltage
Element Substatio Nom | ency Em(e;rgen Initial Post- Initial Post- Differen
Lost) nName | Bus | inal | Minim y Volta | contingen | Volta | contingen | ce (kV)
and No. | Volta um Ma)r(rllmu ge cy Steady ge cy Steady
Number ge Voltag Voltage (kV) State (kV) (kV) State (kV)
e 9
7L22 (Poplar
Hill 790S -
Clairmont Voltage Collapse occurred
Lake 811S)

POD Bus Voltage Deviations

The following voltage criteria violations were observed under Category B conditions as shown in Table 3-
6.

Table 3-6: POD Bus Voltage Deviations under Category B Conditions for Scenario 4

Voltage DeV|at|_on Location Post-Project Results
Details
Contingenc Voltage Deviations at POD Low Voltage Buses
y (System | gy pstati Nomina | | ...
Element on Bus 1 Bus Volta 0 Post o o
LOSt) Name No. voltage g Pos-t % Auto % Post %
e(kV) | Transien | Chang Chang | Manua | Chang
and No. (kV) t (kV) e Contro e I (kV) e
1 (kV)
7L22 (Poplar
Hill 790S -
Clairmont Voltage Collapse occurred
Lake 8118S)
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3.2 Voltage Stability Studies

3.2.1 Scenario 4: 2028 WP Post-Project

Voltage stability analysis was performed for scenario 4 by increasing load in Grande Prairie (Area 20) and
Grande Cache (Area 22), and increasing the generation in Wabamun (Area 40) and Fort McMurray (Area
25). The reference load level for the study area for scenario 4 is 524.5 MW. To meet the voltage stability

criteria for Category B contingencies, the required minimum incremental load transfer is 5% of the reference
load, or 26.2 MW (0.05 x 524.5 MW = 26.2 MW) for the scenario 4.

Table 3-7 provides the voltage stability study results under Category A conditions and for the six worst
contingencies under Category B conditions. The corresponding diagrams are listed in Attachment A4. The
study results show that the voltage stability margin was met for all studied conditions except for
contingency 7L22 (Clairmont Lake 811S — Poplar Hill 7908S).

Table 3-7: Voltage Stability Study Results under Category A and B Conditions for Scenario 4

Contingency Maximum Incremental Transfer Meets
(System Element From To o
(MW) Criteria?
Lost)

N-0 Base case (System Normal) 155 Yes
7L22 Poplar Hill 790S Clairmont Lake 811S 0 No
7L03 Flyingshot Lake 749S Elmworth 731S 60 Yes
7L75 Friednestal 800S West Peace River 793S 80 Yes
7L73 Friednestal 800S Rycroft 730S 100 Yes

Bear %"ﬂ‘ 679S Bear Creek 679S 701T 105 Yes

3.3 Transient Stability Studies

Transient stability studies were completed under selected 3-phase and 1-phase Category B contingencies
for scenario 3 2028 SP Post-Project scenario. Transient stability studies were also completed under
selected 3-phase and 1-phase Category B contingencies for 2028 SP Pre-Project scenario when the post-
Project plots were unstable and the results are summarized in section 2.3. The following section gives a
summary of the results for the studied scenario. Transient stability plots are provided in Attachment A5.
Post-RAS transient stability plots are provided in Attachment A8.

3.3.1 Scenario 3: 2028 SP Post-Project

Scenario 3 2028 SP Post-Project resulted in transient stability issues for Category B contingencies of 7L20
and 7L228 as shown in Table 3-8. All the other Category B events studied were stable.

14 Template Version: V4.3-2022-09-06




Engineering Connection Assessment: Study Results
P2716 Wapiti 823S Load
V1 (Final)

Table 3-8: Summary of Transient Stability Study Results under Category B Conditions for

Scenario 3
Studied Contingency Fault Description and Location Results
System Normal (Category A) Stable
7L20 (H.R. Milner 740S — Thornton 2091S) 3-phase fault at H.R. Milner 740S Unstable
3-phase fault at Thornton 2091S Unstable
1-phase fault at H.R. Milner 740S Unstable
1-phase fault at Thornton 2091S Unstable
7L80 (H.R. Milner 740S — Simonette 733S) 3-phase fault at H.R. Milner 740S Stable
3-phase fault at Simonette 733S Stable
1-phase fault at H.R. Milner 740S Stable
1-phase fault at Simonette 733S Stable
7L40 (Little Smoky 813S — Simonette 733S) 3-phase fault at Little Smoky 813S Stable
1-phase fault at Simonette 733S Stable
1-phase fault at Little Smoky 813S Stable
3-phase fault at Simonette 733S Stable
7L228 (Big Mountain 845S — Thornton 2091S) 3-phase fault at Big Mountain 845S Unstable
3-phase fault at Thornton 20918 Unstable
1-phase fault at Big Mountain 845S Unstable
1-phase fault at Thornton 2091S Unstable

Results for both ends breaker open condition for 7L20 and 7L80 as well as Big Mountain 845S end breaker
open condition for Scenario 3 2028 SP Post-Project are shown in Table 3-9.

Table 3-9: Transient Stability Study Results under Breaker Open Scenario for Scenario 3

Lin . .
Category e Substation terminals Fault End Performance
Element

Breaker 7L20 H.R. Milner 740S | Thornton 2091S 20918 HR Milner Generators — Unstable

Open 2405 Bear Creek 1 Generator - Unstable
Daishowa Generator - Unstable
CG&E Generator - Unstable
Elmworth G1 Generator - Unstable
Monitored buses voltage recovery was
oscillatory - Unacceptable

Breaker 7L80 H.R. Milner 740S | Simonette 733S 7408 All monitored generators — Stable

Open 7338 All monitored buses voltage recovery -
Acceptable

Breaker 7L228 Big Mountain Thornton 2091S Big Mountain All monitored generators — Stable

Open 845S 8458 All monitored buses voltage recovery -
Acceptable

15
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4 Short Circuit Studies

4.1

Pre-Project Results

4.1.1 Scenario 2: 2028 WP Pre-Project

Pre-Project short-circuit current levels are provided in Table 4-11.

Table 4-1: 2028 WP Pre-Project Short-Circuit Current Levels for Scenario 2

Positive Sequence

Zero Sequence

Substation Name and Base Pre-Fault | 5 o Fauit Thevenin Source 1-o Thevenin
Voltage Voltage Fault Source
Number (kA) Impedance
(kV) (kV) (R14jX1) (pu) (kA) Impedance
(R0O+jX0) (pu)
Thornton 2091S 138 146.97 3.00 0.048829+j0.137953 | 2.94 0.022786+j0.167356
Wapiti Junction 8238 138 146.27 2.46 0.07592+j0.161411 2.44 0.02955+j0.197712
Big Mountain 8455 138 149.76 6.76 0.021195+j0.061411 7.90 0.006942+j0.050757
Bridge Creek 798S 138 149.82 6.40 0.022386+j0.064844 7.23 0.008904+j0.059738
H.R. Milner 740S 138 145.44 2.25 0.071271+j0.181887 3.15 0.002257+j0.037872
Little Smoky 813S 240 266.98 6.68 0.008508+j0.036869 7.91 0.001707+j0.021728
Little Smoky 813S 138 151.00 10.12 0.012018+j0.04172 13.98 0.000825+j0.010387

4.2 Post-Project Results

4.2.1 Scenario 4: 2028 WP Post-Project
Post-Project short-circuit current levels for Scenario 6 are provided in Table 4-2.

Table 4-2: 2028 WP Post-Project Short-Circuit Current Levels for Scenario 4

Positive Sequence

Zero Sequence

Substation Name and Base Pre-Fault | 5 & Fault | Thevenin Source 1-o Thevenin
Voltage Voltage Fault Source
Number (kA) Impedance
(kV) (kV) (R14jX1) (pu) (kA) Impedance
= (RO+jX0) (pu)
Thornton 2091S 138 145.27 3.03 0.049553+j0.136093 3.03 0.02133+j0.156397
Wapiti Junction 8238 138 145.51 247 0.076011+j0.160746 244 0.029572+j0.197538
Big Mountain 845S 138 148.96 6.83 0.021479+j0.060665 8.04 0.006733+j0.048983

1 Short-circuit current studies were based on modeling information provided to the AESO by third parties. The authenticity of the
modeling information has not been validated. Fault levels could change as a result of system developments, new customer
connections, or additional generation in the area. It is recommended that these changes be monitored and fault levels reviewed to
ensure that the fault levels are within equipment operating limits. The information provided in this study should not be used as the
sole source of information for electrical equipment specifications or for the design of safety-grounding systems.
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Bridge Creek 798S 138 149.06 6.46 0.022664+j0.064126 | 7.32 0.008796+j0.058428
H.R. Milner 740S 138 143.86 2.26 0.071762+j0.180411 3.17 0.002267+j0.037813
Little Smoky 813S 240 266.81 6.67 0.008571+j0.036868 7.90 0.001707+j0.021728
Little Smoky 813S 138 151.00 10.11 0.012157+j0.041735 | 13.96 0.000825+j0.010387
Pakenham 2103S 138 145.87 3.09 0.051684+j0.132679 | 2.94 0.025358+j0.176434
Pakenham 2103S 25 25.82 6.22 0.083509+j0.380889 | 8.37 0.016769+j0.098223

4.2.2 Scenario 5: 2033 WP Post-Project

Post-Project short-circuit current levels for Scenario 7 are provided in Table 4-3.

Table 4-3: 2033 WP Post-Project Short-Circuit Current Levels for Scenario 5

Positive Sequence Zero Sequence
Substation Name and Base Pre-Fault | 5 o Fauit Thevenin Source 1-® Thevenin
Voltage Voltage Fault Source
Number (kA) Impedance
(kV) (kV) (R1+jX1) (pu) (kA) Impedance
! (RO+jX0) (pu)
Thornton 20918 138 146.80 5.11 0.019143+j0.083818 4.21 0.01799+j0.138597
Wapiti Junction 8238 138 149.13 5.19 0.027529+j0.080044 413 0.028651+j0.14136
Big Mountain 8455 138 151.76 11.12 0.008852+j0.038484 9.71 0.00702+j0.055738
Bridge Creek 798S 138 152.08 10.28 0.00994+j0.041553 8.36 0.010139+j0.070906
H.R. Milner 740S 138 147.08 7.16 0.008597+j0.060737 8.08 0.002267+j0.037451
Little Smoky 813S 240 262.16 7.08 0.006906+j0.035011 8.34 0.001548+j0.020274
Little Smoky 813S 138 150.42 12.30 0.008446+j0.034697 | 16.47 0.000806+j0.010472
Pakenham 2103S 138 147.90 4.05 0.03359+j0.10309 3.34 0.025206+j0.175997
Pakenham 2103S 25 26.20 6.73 0.063493+j0.354436 8.87 0.016746+j0.098171
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5 Mitigation Measure Development and Evaluation

The Studies Consultant, in consultation with the AESO, developed mitigation measures to address the
system performance issues that were identified in the pre-Project and post-Project scenarios.

As part of this Project, mitigation measures will not be specifically developed for the POD bus voltage
deviations observed under certain Category B conditions during pre-Project and post-Project scenarios.?
POD bus voltage deviations observed at several substations (voltage collapse) under Category B
contingency of 7L22 for all studies scenarios 1, 2, 3 and 4 were mitigated with the Poplar Hill generator
turned on and dispatched to 10 MW.

5.1 Pre-Project

Pre-Project mitigation measures are summarized in Table 5-1 and Table 5-2.

Table 5-1: Pre-Project Mitigation Measures (Scenario 1)

Mitigation Measure

Observed Violation

Contingency

PH Gen 1 (on bus 16118) =10 MW

Voltage collapse

7L22 (Poplar Hill 790S - Clairmont Lake
8118)

PH Gen 1 (on bus 16118) =22 MW

7L22 (Clairmont Lake 811S - Saddle
Hills 865S Tap)

7L69 (Goodfare 815S - ElImworth 731S)

PH Gen 1 (on bus 16118) =22 MW

7L22 (Clairmont Lake 811S - Saddle
Hills 865S Tap)

7L03 (Elmworth 7318 - Flyingshot Lake
749S)

RTOP

7L46 (Big Mountain 845S — P2843 Tap)

7L45 (Big Mountain 845S - Little Smoky
8138)

RTOP

7L45 (Bridge Creek Tap — P2843 Tap)

7L46 (Big Mountain 845S - Little Smoky
813S)

Existing RAS 171: H.R. Milner 740S
Overload and Transient Stability
Mitigation

Transient Instability

7L20 (H.R. Milner 740S — Thornton
2091S)

Transient Instability

7L228 (Big Mountain 845S — Thornton
2091S)

Table 5-2: Pre-Project Mitigation Measures (Scenario 2)

Mitigation Measure

Location of Observed Violation

Contingency

PH Gen 1 (on bus 16118) =10 MW

Voltage collapse

7L22 (Poplar Hill 790S - Clairmont Lake
8118)

5.2 Post-Project

Post-Project mitigation measures are summarized in Table 5-3, and Table 5-4.

Table 5-3: Post-Project Mitigation Measures (Scenario 3)

Mitigation Measure

Observed Violation

Contingency

PH Gen 1 (on bus 16118) =10 MW

Voltage collapse

7L22 (Poplar Hill 790S - Clairmont Lake
811S)

2 The AESO’s desired post-contingency voltage deviations for low voltage busses represent guidelines rather than criteria. A POD
bus voltage deviation that exceeds the desired limits shown in Table 3-1 of the AESO’s Connection Study Scope does not represent

a Reliability Criteria violation.
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Mitigation Measure

Observed Violation

Contingency

PH Gen 1 (on bus 16118) =22 MW

7L22 (Clairmont Lake 811S - Saddle
Hills 865S Tap)

7L69 (Goodfare 8158 - EImworth 731S)

PH Gen 1 (on bus 16118) =22 MW

7L22 (Clairmont Lake 811S - Saddle
Hills 865S Tap)

7L03 (Elmworth 7318 - Flyingshot Lake
7498)

RTOP

7L46 (Big Mountain 845S — P2843 Tap)

7L45 (Big Mountain 845S - Little Smoky
813S)

RTOP

7L45 (Bridge Creek Tap — P2843 Tap)

7L46 (Big Mountain 845S - Little Smoky
8138)

Modified existing RAS 171: H.R. Milner
7408 Overload and Transient Stability
Mitigation*

Transient Instability

7L20 (H.R. Milner 740S — Thornton
20918)

Transient Instability

7L228 (Big Mountain 845S — Thornton
20918)

*Existing RAS 171 is modified as part of this project due to addition of telecom on the 7L20/7L228 path

Table 5-4: Post-Project Mitigation Measures (Scenario 4)

Mitigation Measure

Location of Observed Violation

Contingency

PH Gen 1 (on bus 16118) =10 MW

Voltage collapse

7L22 (Poplar Hill 790S - Clairmont Lake
811S)

5.3 Evaluation of Mitigation Measures

This section describes the results of the power flow studies that were performed to assess the impact of
the Project on the performance of the AIES following the implementation of the proposed mitigation
measures.

The post-mitigation measures studies were performed under Category B conditions for the post-Project
Scenario 3 and 4 using Alternative 1 and the mitigation measures described in Section 5.2.

The post-mitigation power flow diagrams for selected Category B conditions are provided in Attachment
A6. Post-mitigation power flow diagrams present only those contingencies that result in thermal criteria
violations that require mitigation. Contingencies that result in thermal criteria violations that can be mitigated
by real-time operational practices, or TFO capital maintenance projects were not studied.

5.3.1 Scenario 3: 2028 SP LG Post-Project

Category B Conditions

Thermal and voltage criteria violations observed under certain Category B conditions in the post-Project
studies were mitigated by proposed mitigation measures as shown in Table 5-5 and Table 5-6.
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Table 5-5: Post-Mitigation Power Flow Study Results for Scenario 3

Post-Project

Post-Mitigation

. Details of Seasonal Short-term
Contingency - - . Results Results
Violation Continuous | (Emergency)
(System (Violation Ratin Ratin
Element Lost) 9 9 Power o Power o
Observed On) (MVA) (MVA) o o
Flow | ) 5adin Flow 1 s adin
(MVA) 9| (mva) 9
7L22 (Poplar Hill o
7908 - Clairmont Voltage collapse occurred No Rel'.alb'“.ty Criteria
Lake 811S) violations
7L69 (Goodfare | 122 (Glairmont
815S - ElImworth Saddle Hill 108.3 120.8 134.6 124.3 106.0 97.9
731S) addle Hills
865S Tap)
7L03 (EImworth 7L22 (Clairmont
731S - Lake 811S -
Flyingshot Lake Saddle Hills 108.3 120.8 132.7 122.6 106.0 97.9
749S) 865S Tap)

Table 5-6: Voltage Range Violations under Category B Conditions for Scenario 3

Contingenc Substatio Emergenc Emergenc - Steady Rost-_
y Bus . . y Initial State Mitigatio
n Name Nomina | y Minimum ;
(System Numbe Maximum Voltag | Voltag | n Steady
and I kV Voltage
Element Number (kV) Voltage e (kV) e State
Lost) (kV) (kV) (kV)
7L22 (Poplar No
Hill 790S - Voltage collapse occured Reliability
Clairmont Lake 9 Criteria
811S) violations
7L69
(Goodfare
815S - Updike 886S | 1114 144 130 155 140.5 1291 141.7
Elmworth
7318)
Table 5-7: Post-RAS Transient Stability Study Results for Scenario 3
Studied Contingency Fault Description and Location Results
7L20 (H.R. Milner 740S — Thornton 2091S) 3-phase fault at H.R. Milner 740S Stable
3-phase fault at Thornton 2091S Stable
1-phase fault at H.R. Milner 740S Stable
1-phase fault at Thornton 2091S Stable
Breaker Open condition at Both Ends Stable
7L228 (Big Mountain 845S — Thornton 2091S) 3-phase fault at Big Mountain 845S Stable
3-phase fault at Thornton 2091S Stable
1-phase fault at Big Mountain 845S Stable
1-phase fault at Thornton 2091S Stable
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Breaker Open condition at Both Ends

Stable

5.3.2 Scenario 4: 2028 WP LG Post-Project

Category B Conditions

Thermal and voltage criteria violations observed under certain Category B conditions in the post-Project
studies were by proposed mitigation measures as shown in Table 5-8, 5-9 and Table 5-10.

Table 5-8: Post-Mitigation Power Flow Study Results for Scenario 4

Post-Project

Post-Mitigation

Contingenc Details of Seasonal Short-term Results Results
(S s?em y Violation Continuous | (Emergency)
EIem:.:.nt Lost) (Violation Rating Rating Power Power
Observed On) (MVA) (MVA) Flow %_ Flow %.
(MVA) Loading (MVA) Loading

7L22 (Poplar Hill
790S - Clairmont
Lake 811S)

Voltage collapse

No Reliability Criteria
violations

Table 5-9: Voltage Range Violations under Category B Conditions for Scenario 4

Contingenc Substatio Emergenc Emergenc - Steady !’.ost-.
y Bus . L y Initial State Mitigatio
n Name Nomina | y Minimum ;
(System Numbe Maximum Voltag | Voltag | n Steady
and I kV Voltage
Element Number r (kV) Voltage e (kV) e State
Lost) (kV) (kV) (kV)
7L22 (Poplar No
Hill 790S - Voltage collapse occured Reliability
Clairmont Lake 9 P Criteria
811S) violations

Voltage stability studies

The voltage stability margin violation was mitigated by the proposed mitigation measures. The voltage
stability study results under Category A conditions and for the five worst contingencies under Category B
conditions are listed in Table 5-10, and the corresponding diagrams are listed in Attachment A7.

Table 5-10 Voltage Stability Study Results under Category B Conditions for Scenario 4_ Post-

Mitigation
Contingency Maximum Incremental Transfer Meets
(System Element From To o
(MW) Criteria?
Lost)
N-0 Base case (System Normal) 180 Yes
7L22 Poplar Hill 790S Clairmont Lake 811S 60 Yes
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7L75 Friednestal 800S West Peace River 793S 105 Yes
7L03 Flyingshot Lake 749S Elmworth 731S 110 Yes
7L73 Friednestal 800S Rycroft 730S 125 Yes
Bear %"ﬂ‘ 6798 Bear Creek 679S 701T 130 Yes
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6 Project Interdependencies

The Project is not dependent on the future developments of the AESO Long Term Plan for the region.
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1 Introduction

This Study Scope provides an overview of the engineering studies to be completed by ATCO Electric Ltd.
(the Studies Consultant) to assess the impact of the Project (as defined in section 1.1) on the performance
of the Alberta interconnected electric system (AIES). Technical criteria, assumptions and methods for
performing these engineering studies are provided in this document.

1.1 Project Overview

ATCO Electric Ltd. (Market Participant), in its capacity as the legal owner of an electric distribution system
(DFO), has submitted a request for system access service to the Alberta Electric System Operator (AESO)
to serve multiple load requests near the city of Grande Prairie area.

The DFQO’s request includes a request for a Rate DTS, Demand Transmission Service, contract capacity of
21.3 MW for a new system access service in the Grand Prairie planning area (Area 20) and a request for
transmission development (collectively, the Project). Specifically, the DFO requested a new point of delivery
(POD) substation.

The Project in-service date (ISD) used for the purpose of the studies is April 1, 2027.

Load components of the Project are listed in Table 1-1.

Table 1-1: Project Load Details

Project Component Description

Load Existing Rate DTS, Demand Transmission | No existing contract

Service, contract capacity

Requested Rate DTS 21.3 MW

Type industrial (except oilsands)

Motors (number and size) NA

Power factor 0.9 pf

Future load expansion plans No

1.2 Existing System Overview

1.2.1 Study Area

Geographically, the Project is located in the AESO planning area of Grand Prairie (Area 20).

The Study Area consists of the AESO planning areas of Peace River (Area 19), Grande Prairie (Area 20),
Grande Cache (Area 22), and Valleyview (Area 23), including the tie lines connecting these planning areas
to the rest of the AIES.

The existing transmission system in the Study Area is shown in Figure 1-1.
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1.2.2 Existing Constraints

Existing constraints in the Study Area are managed in accordance with the procedures set out in
Section 302.1 of the ISO rules, Real Time Transmission Constraint Management (TCM Rule).

There are a number of constraints in the Study Area that are mitigated by existing remedial action schemes
(RASSs) and/or other protection schemes.

The following existing RASs and/or other protection schemes are used to manage constraints in the area:
e RAS 158: Ksituan 754S Voltage Stability Mitigation
e RAS 171: H.R. Milner 740S Overload and Transient Instability Mitigation
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2 Connection Alternative to be Studied

The following alternative will be studied:

2.1 Alternative 1 — New Point of Delivery with a T-tap connection to
the 144 kV transmission line 7L228

This alternative includes the following developments:

e Add anew 144/25 kV Point of Delivery (POD) substation, including one 144/25 kV transformer,
one 144 kV circuit breaker and two 25 kV feeder breakers;

e Add one 144 kV circuit, approximately 15 km in length’, to connect the proposed substation to
the existing 144 kV transmission line 7L228 (between Big Mountain 845S and Thornton 2091S
substations) using T-tap configuration; and

e Add or modify associated equipment as required for the above transmission developments.

The proposed connection configuration is shown in Figure 1-1.

" Exact length to be determined by the TFO
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Figure 1-1: Connection Alternative 1
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3 Criteria, Standards and Requirements

3.1 AESO Reliability Criteria

The Transmission Planning (TPL) Standards, which are included in the Alberta Reliability Standards, and
Transmission Planning Criteria — Basis and Assumptions (see Attachment A), (collectively, the Reliability
Criteria) will be applied to evaluate system performance under Category A system conditions (i.e., all
elements in-service) and following Category B contingencies (i.e., single element outage), prior to and
following the studied alternatives. Below is a summary of Category A and Category B system conditions.

Category A, often referred to as the N-0 condition, represents a normal system with no contingencies and
all facilities in service. Under this condition, the system must be able to supply all firm load and firm transfers
to other areas. All equipment must operate within its applicable rating, voltages must be within their
applicable range, and the system must be stable with no cascading outages.

Category B events, often referred to as an N-1 or N-G-1 with the most critical generator out of service,
result in the loss of any single specified system element under specified fault conditions with normal
clearing. These elements are a generator, a transmission circuit, a transformer, or a single pole of a DC
transmission line. The acceptable impact on the system is the same as Category A. Planned or controlled
interruptions of electric supply to radial customers or some local network customers, connected to or
supplied by the faulted element or by the affected area, may occur in certain areas without impacting the
overall reliability of the interconnected transmission systems. To prepare for the next contingency, system
adjustments are permitted, including curtailments of contracted firm (non-recallable reserved) transmission
service electric power transfers.

The TPL standards, TPL-001-AB-0 and TPL-002-AB1-0, have referenced Applicable Ratings when
specifying the required system performance under Category A and Category B events. For the purpose of
applying the TPL standards to the studies documented in this report, Applicable Ratings are defined as
follows:

e Normal thermal rating of the line’s loading limits for each season;
e The highest specified loading limits for transformers;

e For Category A conditions: Voltage range under normal operating condition per AESO
Information Document #2010-007RS, General Operating Practices — Voltage Control
(ID #2010-007RS). For the busses not listed in ID #2010-007RS, Table 2-1 in the Transmission
Planning Criteria — Basis and Assumptions applies;

e For Category B conditions: The extreme voltage range values per Table 2-1 in the
Transmission Planning Criteria — Basis and Assumptions; and

e Desired post-contingency voltage deviation limits for three defined post-event timeframes as
provided in Table 3-1.
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Table 3-1: Post-Contingency Voltage Deviation Guidelines for Low Voltage Busses

Parameter and reference point Post Transient Post Auto Post Manual Control

(up to 30 sec) Control (Steady State)
(30 sec to 5 min)

Voltage deviation from steady state
at point of delivery (POD) low voltage +10% 7% +5%
bus.

3.2 ISO Rules and Information Documents

ID #2010-007RS will be used to establish system normal (i.e., pre-contingency) voltage profiles for the
Study Area.

The TCM Rule will be followed to set up the study scenarios and assess the impact of the Project. In
addition, due regard will be given to the following:

e The AESO’s Connection Study Requirements;

e Section 502.7 of the ISO rules, Load Facility Technical Requirements.
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4  Scenarios and Assumptions

4.1 Scenarios

The following section describes the scenarios to be studied and the assumptions to be used in the studies.

Connection scenarios must be studied as outlined in Table 4-1.

Table 4-1: Connection Study Scenarios

System
SIBEIELE Year/Season Ge_neratlon Scenario Name Project Load (MW)
No. Dispatch

Conditions

Pre-Project

1 2028 Summer Peak (SP) Low Generation 2028 SP Pre-Project
2 2028 Winter Peak (WP) (LG) 2028 WP Pre-Project
Post-Project
3 2028 SP . 2028 SP Post-Project 21.3
4 2028 WP 2028 WP Post-Project 21.3
All generator in
5 2033 WP Study Area in- 2033 WP Post-Project 21.3
service

4.2 Assumptions

4.2.1 System Project Assumptions

The pre-Project and post-Project connection assessment will not include any system transmission projects
because there are no planned system transmission developments in the Study Area that are expected to
be in service before the scheduled Project ISD.

4.2.2 Connection Project Assumptions

Table 4-4 summarizes the connection projects in the Study Area that should be included in the studies.

4.2.3 Load Assumptions

The load forecast to be used for the studies is shown in Table 4-2 and is a forecast for the AESO Northwest
Planning Region peak based on the AESO's preliminary 2023 Long-term Outlook (2023 LTO) with
modifications to incorporate the latest forecast intelligence. For the post-Project studies, when the Study
Area loads are modified to align with the regional load forecast, the active power to reactive power ratio in
the base case scenarios shall be maintained.
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Table 4-2: Forecast Load (at AESO Northwest Planning Region Peak)

Forecast Peak Load by Year/Season
(MW)

AESO Planning Region Name

2028 SP 2028 WP

Northwest Planning Region' 1071 1208

Note:
"The Northwest Region comprises the following AESO planning areas: 17, 18, 19, 20, 21, 22, 23, 24, 26.

IDEV files contain non-motor loads in zones 34, 36, and 351. These loads are not accounted for in the
forecasted peak loads shown above and should not be considered when scaling load. The AESO engineer
will provide guidance to load scaling procedures as required.

4.2.4 Generation Assumptions

The generation forecast to be used for the studies is based on the 2023 LTO with modifications to
incorporate the latest forecast intelligence. The generation assumptions for the studies will assume low
generation condition in the Northwest region. Additional studies may be required in the event of changes
to the AESQO’s corporate forecast.

The existing generation (excluding wind and solar) dispatch conditions for the study scenarios are described
in Table 4-3.

H.R. Milner (HRM) was determined to be the critical generator, and shall be modelled as being offline to
simulate the N-G condition in all the study scenarios.

Table 4-3: Existing Generation (excluding Wind and Solar) and Energy Storage Dispatch
Conditions

Unit Net Generation?
AESO (MW) by Scenario
Facility Name Planning
Area No. 2028 SP 2028 WP
[LGI]° [LG]°
72

Fort Nelson (FNG1) 1,2 1015 73 17 66
1019

Bear Creek 2 (BCR2) 2 18142 36 20 27 30
Bear Creek 1 (BCRK) 1 19142 64 20 59 63
Mulligan (MUL1) G5, G6 557216 5 20 4 5
Rainbow Lake (RB4) 4 1035 47 17 42 47
Sadd'fp';igzé)s[)m ) G1-4 557116 10 20 9 10
Whitecourt Power (EAGL) 1 408 25 26 25 25
Grande F(’giDrIiEeCE)coPower 2 17101 o7 20 8 8
NRGreen (NRG3) G1 2674 16 26 12 13
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Unit Net Generation?
(MW) by Scenario

AESO
Facility Name Unit No. Planning
[LG]® [LG]
Slave Lake (SLP1) G1, G2, G3 1232 9 21 9 9
Weyerhaeuser (WEY1) 1 1146 48 20 0 35
1087
DAI1 Daishowa (DAI1) 1,2 52 19 46 46
1089
Gold Creek Facility
(GOC1) 1 19145 5 20 0 0
. 2296,
AB Newsprint (ANC1) G1-10 4296 63 26 0 57
Judy Creek (GENG6) JC 19272 15 26 0 0
Carson Creek (GEN5) 1 2335 15 26 0 0
H.R. Milner (HRM) 1, G2 1148, 300 22 111 (N-G) 111 (N-G)
o ’ 557147
NPC3 Elmworth (NPC3) G1 19134 8 20 8 8
17134,
NPC2 JL Landry (NPC2) 5,6,7,8,10 18134, 9 20 0 0
21134
Northern Prairie Power
Project (NPP1) 1 17120 105 20 0 0
Poplar Hill #1 (PH1) 1 16118 48 20 0 0
Rainbow #5 (RB5) 5 1037 50 17 0 0
Valley View 1 (VVW1) 1 1171 50 23 0 0
Valley View 2 (VVW2) 2 1173 50 23 0 0
West Cadotte (WCD1) G1 19083 20 19 17 16
eReserve1 Rycroft (ERV1) 1 557101 20 20 0 0
eReserve3 Mercer Hill
(ERV3) (P2387) G4 19109 20 20 0 0
Swan Hills Geothermal 558266
(SRL1) (P2242) G1, G2 558366 21 26 18 18
Cascade 1 (CAS1) G1 557014 450 29 311 311
Cascade 2 (CAS2) G2 558014 450 29 311 311

Notes:

@ “Unit Net Generation” refers to gross generating unit output (MW) less unit service load.
b “N-G” indicates the critical generating unit that is assumed by the AESO to be offline to test the N-G contingency condition
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Table 4-4: Dispatch Conditions for Planned Generation Facilities

AESO Unit Net Generation

: (MW) by Scenario
Facility Name and Code MC (MW) Plannin

2028 SP | 2028 WP
[LG] [LG]

P1885 Northern Lights WAGF 565005,565006 408 26 22 129

P2843 Prairie Lights Power Gas 549758 310 20 114.7 114.7
P2452 ATCO Poplar Hill 790S 18118
DER Gas 6 20 0 0
P2456 Kiwetinohk Opal Gas 557024,557025 99 24 44 44
P2499 Kiwetinohk Black Bear 557027,557028 466 26 317 317
Gas
P2554 ATCO Goodfare 815S
DER Battery 19119 20 20 0 0
P2560 ATCO Wapiti 823S DER 19135 40 20 0 0
Battery
P2631 Smoky River MPC Wind 569053 160 19 9 51
558342
P2676 Kaybob South 3 Cogen 33 24 33 33
558442

4.2.5 Intertie Flow Assumptions

The Alberta-British Columbia (AB-BC), Alberta-Saskatchewan (AB-SK), and Alberta-Montana (MATL)
intertie points are deemed to be too far away from the Study Area to have any material impact on the
connection assessment. Therefore, intertie flow values shall be set to the AESO planning base case values
and will not be adjusted for the studies.

4.2.6 HVDC Power Order Assumptions

The Western Alberta Transmission Line (WATL) and the Eastern Alberta Transmission Line (EATL) are
high-voltage direct current (HVDC) transmission lines. WATL and EATL are not expected to have a material
impact on the connection assessment. Therefore, the HVDC assumptions shall be the same as in the AESO
planning base cases and will not be adjusted for the studies.

The reactive power limits of the MVAr exchanges between the HVDC terminals (WATL and EATL) and the
connected alternating current (AC) transmission systems are shown in Table 4-5. These limits must be
maintained when performing the studies.
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Table 4-5: HVDC to Adjacent AC System MVAr Exchange Limits

e North Terminal Reactive Power Limit South Terminal Reactive Power Limit
HVDC Facility (MVAr) (MVAr)

EATL -85to0 75 -35to 35
WATL -75t0 75 -35to 35

4.2.7 Transmission Facility Ratings

The legal owners of transmission facilities (TFOs) provided the thermal ratings assumptions for the existing
transmission lines in the Study Area. Table 4-6 shows the normal ratings and emergency ratings for the
key transmission lines in the Study Area, which will be used to perform the engineering studies.

Table 4-6: Thermal Rating Assumptions for Key Transmission Lines in the Study Area

Voltage Normal Rating Emergency Rating
Line Description Class (UAZY

(kV)
7L03 Elmworth 731S — Flyingshot Lake 749S 144 130 162 144 184
7L04 Daishowa 839S — West Peace River 793S 144 85 Prot 85 Prot 85 Prot 85 Prot
7L06 High Prairie 787S — Donnelly 784S tap 144 114 151 127 173
7L06 Y;/sst Peace River 793S — Donnelly 784S 144 114 150GS 127 150GS
7L07 Poplar Hill 790s — Goodfare 815S 144 113 151 126 173
7L10 Rycroft 730S — Mowat T-tap point 144 129 150CT 144 150CT
7L10 Ksituan 754S — Mowat T-tap point 144 129 162 144 184
7L13 Big Mountain 845S — Proctor & Gamble 144 147 196 174 240
808S
7120 H.R. Milner 2091S — Dome cutbank tap 144 | 297BUS | o99 s | 2TTRUS | 599 Gs
cond cond
7L20 Thornton 2091S — Dome Cutbank tap 144 291 299GS 299GS 299GS
7L22 Poplar Hill 790S — 7L88 tap 144 113 151 126 172
7L22 Clairmont Lake 811S — 7L88 tap 144 114 151 126 171
7127 Wesley Creek 834S — West Peace 144 130 163 139 181
River793S
7L32 Clairmont Lake 811S — South Bezanson 144 114 151 122 165
826S
7L32 Little Smoky 813S — South Bezanson 826S 144 114 151 120 163
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Voltage Normal Rating Emergency Rating
Line ID Line Description Class (MVA) (MVA)

(kV)
7L33 Flyingshot Lake 749S - CG&E 758S tap 144 167 210 195 251
7L33 Big Mountain 845S — CG&E 758S tap 144 167 265CT 197 265CT
7L34 Goodfare 815S — Updike 886S 144 114 146 129 149 CT
7L39 Clairmont Lake 811S — Mercer Hill 728S 144 130 162 141 180
tap
7L39 Crystal Lake 722S — Mercer Hill 728S tap 144 130 150GS 141 150GS
7L40 Little Smoky 813S — Simonette 733S 144 129 162 134 179
7L43 Louise Creek 809S — Edith Lake 739S 144 112 133CT 125 133CT
7L44 Flyingshot 749S — Big Mountain 845S 144 167 210 190 248
7L45 Little Smoky 813S — Big Mountain 845S 144 145 195 166 229
7L46 Little Smoky 813S — Big Mountain 845S 144 145 195 166 229
7L48 Valleyview 794S — High Prairie 787S 144 114 151 127 172
7L49 Mitsue 732S — Otauwau 749S 144 114 152 127 173
7L51 West Peace River 793S — Buchanan Creek 144 116 133CT 130 133CT
927S tap
7L51 Hotchkiss 788S — Buchanan Creek 927S 144 117 156 131 179
tap
7L54 Little Smoky 813S — Valleyview 794S 144 116 155 129 177
7L55 Louise Creek 809S — Sarah Lake 743S 144 112 120CT 120CT 120CT
7156 Louise Creek 809S — Virginia Hills 738S 144 112 150 123 168
tap
7L56 Little Smoky 813S — Goose River 7258 tap 144 114 152 126 171
7L56 Virgenia Hills 738S tap - Goose River 725S 144 112 149 123 168
7L68 Rycroft 730S — Clairmont Lake 811S 144 116 155 129 178
7L69 Goodfare 815S — EImworth 731S 144 115 155 129 178
7173 ;r[l)edenstal 800S — Boucher Creek 829S 144 114 152 124 169
7L73 Rycroft 730S — Boucher Creek 829S tap 144 114 152 125 170
7L75 Friedenstal 800S — West Peace 7938 144 | 117bus | A47bus | 141 bus |55 ng
cond cond cond
7L80 H.R. Milner 733S — Kakwa Ridge tap 144 129 162 140 181
7L80 Kakwa Ridge tap— Simonette 733S 144 128 160 139 180
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Voltage Normal Rating Emergency Rating
Line ID Line Description Class (MVA) (MVA)

(kV)
7L82 Ring Creek 853S — Hamburg 855S tap 144 112 150CT 126 150CT
7L82 Hotchkiss 788S — Hamburg 855S tap 144 112 150 126 173
7L84 Crystal Lake 722S — Flyingshot Lake 749S 144 168 211 198 256
7L90 Little Smoky 813S — Muir 7LA90 tap 144 113 151 122 167
7L90 Fox Creek 741S — Muir 7LA90 tap 144 113 150GS 122 150GS
7L120 Hotchkiss 788S — Meikle 905S 144 115 153 127 174
7L138 Hotchkiss 788S — Meikle 905S 144 131 164 143 187
7L199/199L Fox Creek 741S — Fox Creek 347S 144 119 150GS 131 150GS
7L228 Thornton 2091S — Big Mountain 845S 144 261 265CT 265CT 265CT
7L230 Sarah Lake 743S — Fort Assiniboine 234S 144 114 151 125 172
9L02/9L05 Little Smoky 813 — Louise Creek 809S 240 499GS 499GS 499GS 499GS
9L10 Brintnell 876S — Livock 939S 240 491 658 583 798
9L11 Wesley Creek 834S - Little Smoky 813S 240 499GS 499GS 499GS 499GS
9L15 Wesley Creek 834S - Brintnell 876S 240 546 734 666 831
9L40 Mitsue 732S - Louise Creek 809S 240 499CT 499CT 499CT 499CT
9L913 Mitsue 732S — Barrhead 69S 240 496 499CT 499CT 499CT
9L938 Louise Creek 809S — Sagitawah 77S 240 500 644 642 663CT
9L939 Louise Creek 809S - Sagitawah 77S 240 500 644 61‘:):(?3 663CT
720L Fox Creek 347S — Benbow 397S 138 120 149 132 164
685L Benbow 397S — Deer Hill 1012S 138 167 201 184 218
199L Fox Creek 347S — 199L T-tap 138 119 122 131 134
199L 199L T-tap — Whitecourt 268S 138 90 117 99 129
7971 Whitecourt 268S — Whitecourt Industrial 138 93 LTD- 129 102 142 LTD-
364S L LTD-L LTD-L L
798L Whitecourt Industrial 364S — Sagitawah 138 119 132 131 145 LTD-
778 LTD-L L

799L Sagitawah 77S — South Mayerthorpe 443S 138 85 90 94 99
919L Sagitawah 77S — Sundance 310P 240 489 606 587 727
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Voltage Normal Rating Emergency Rating
Line ID Line Description Class (MVA) (MVA)

(kV)

989L Sagitawah 77S — Sundance 310P 240 489 599 587 648

The TFOs provided the details of the substation transformers in the Study Area. The key transformers in
the Study Area are shown in Table 4-7.

Table 4-7: Summary of Key Transformer Ratings in the Study Area

Substation Name and Number Transformer ID ngath?srr(r;((:lr) Transf?ll\;lrsz Rating
Little Smoky 813S 901T 240/144/25 Summer:200
Little Smoky 813S 902T 240/144/25 Winter: 237.5
Wesley Creek 834S 01T 240/144/25 Summer: 299CT
Wesley Creek 834S 902T 240/144/25 Winter: 299CT

The TFOs provided the details of the shunt elements in the Study Area. The key shunt elements in the
Study Area are shown in Table 4-8.

Table 4-8: Summary of Key Shunt Elements in the Study Area

; Voltage Number of Total at Number of Total at
Substation Name and Number Class _ Nominal Switched Nominal
(kV) Switched Shunt
Blocks Voltage Shunt Voltage
(MVAr) Blocks (MVAr)
240 - - 1X-25.0 -25
Wesley Creek 834S
25 - - 1X-20.0 -20
138 3X27.54 82.62 - -
Little Smoky 813S 25 - - 1X-20.0 -20
25 - - 1X-20.0 -20
Little Smoky 813S - SVC 34.5 1X40.0+1X60.0 100 1X-i0600+1x- -100
Rycroft 730S - SVC 21 - 50 - -
138 1X22.67 22.67 - -
Poplar Hill 790S
25 1X12.6 12.6 - -
W Peace 793S 138 2X13.78 27.56 - -
Ksituan River 754S 138 1X13.78 13.78 - -
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. Number of Total at Number of Total at
Substation Name and Number _ Nominal Switched Nominal
Switched Shunt
Blocks Voltage Shunt Voltage
(MVAr) Blocks (MVAr)
138 1X13.77 13.77 - -
Friedenstal 800S
25 1x4.8 4.8
Mowat 2033S 138 1X9.18+1X13.78 22.96 - -
Clairmont Lake 811S 138 1X22.98 22.98 - -
Goodfare 815S 138 2X13.77 27.54 - -
Crystal Lake 722S 138 1X27.17 2717 - -
Big Mountain 845S 138 1X27.54 27.54 - -

4.2.8 Protection Fault Clearing Times

The transient stability studies will be performed using the actual fault clearing times for the selected
contingencies, as provided by the TFO and as shown in Table 4-9. Only those contingencies shown in
Table 4-9 will be studied for transient stability studies. If the TFO did not specify the fault clearing times
(e.g. for new transmission lines) for a selected contingency, then the studies for that contingency will be
performed using the standard fault clearing times that are specified in Table 2-3 of the AESO'’s

Transmission Planning Criteria — Basis and Assumptions.

Table 4-9: Protection Fault Clearing Times

Contingency

(System Element Lost)

Clearing Times

Fault Location

(Cycles)

7L20 (H.R. Milner 740S — Dome Cutbank 810S — Thornton 2091S) H.R. Milner 740S 5 8
7L20 (H.R. Milner 740S — Dome Cutbank 810S — Thornton 2091S) Thornton 2091S 6 8
7L80 (H.R. Milner 740S — Kakwa Ridge 857S — Simonette 733S) H.R. Milner 740S 6 42
7L80 (H.R. Milner 740S — Kakwa Ridge 857S — Simonette 733S) Simonette 733S 6 24
7L40 (Simonette 733S — Little Smoky 813S) Simonette 733S 6 24
7L40 (Simonette 733S — Little Smoky 813S) Little Smoky 813S 6 42
7L228 (Thorton 20918 — Big Mountain 845S)* Thorton 20918 5 8
7L228 (Thorton 2091S — Big Mountain 845S)* Big Mountain 845S 6 8
Notes:
* 7L228 does not have a line breaker at Thornton 2091S, and 7L20 line breaker clears the fault at this substation.
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4.2.9 Project Dynamic Data
Dynamic data for the Project will be based on the Stage 1 Project Data Update Package (PDUP-1).

4.2.10 Voltage Profile Assumption

ID #2010-007RS will be used to establish system normal (i.e., pre-contingency) voltage profiles for key area
busses prior to commencing any studies. Table 2-1 of the Transmission Planning Criteria — Basis and
Assumptions applies for the busses not included in ID #2010-007RS. These voltages will be used to set
the voltage profile for the study base cases prior to the power flow studies.
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5 Study Methodology

The studies to be performed for this connection assessment are identified in Table 5-1.

Table 5-1: Summary of the Studies to be Performed

Power Flow Voltage Stability Transient Stability Short Circuit
Scenario No. and

Name Category Category Category
A e
A 8 | A | B

Pre-Project

N

1 2028 SP LG X X

2 2028 WP LG X X X* X* X
Post-Project

3 2028 SP LG X X X X**

4 2028 WP LG X X X X X
5 2033 WP X

Notes:
* Only required if post-project studies show potential stability issues.
** For the transient stability studies, switch on and dispatch H. R. Milner generation to 300 MW.

For the engineering studies, all transmission facilities 69 kV and above, within the Study Area and the
transmission lines connecting these planning areas to neighbouring planning areas will be studied and
monitored to assess the impact of the Project on the performance of the AIES, including any violations of
the Reliability Criteria (as defined in Section 3.1).

5.1 Study Case Validation

The study will be conducted on the AIES system model using the AESO’s planning base cases. The
seasonal light/peak scenarios will be studied as required. The base cases will be modified by the AESO to
include the corresponding load and generation forecast information. The resulting cases, or seed cases,
along with the project IDEVs, will be provided by the AESO to the Studies Consultant. These cases are
provided in PSS/E v34 and/or v33 format. Upon request, the AESO can provide RAW and SEQ files.
Software used by the Studies Consultant must be able to read and write these file types. Manual
adjustments may be required to ensure full alignment with the details outlined in this Study Scope, as
described in the process outlined below. The AESO will provide guidance to the Studies Consultant with
regard to the setup of the study cases should any questions arise.

The expected process for the creation of acceptable study cases is as follows:

1. The AESO provides seed cases and the appropriate incremental IDEVs to use and any other
applicable information required to the Studies Consultant.
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2. The Studies Consultant applies the identified IDEVs to the seed cases to create the study cases.
The Studies Consultant verifies and makes adjustments as required to ensure the study cases
represent the assumptions outlined within the Study Scope.

3. Upon creating the study cases, all the study cases are forwarded to the AESO for approval.

4. The Studies Consultant proceeds with the required engineering studies only after the study cases
are approved by the AESO.

5.2 Power Flow Studies

Power flow studies will be performed to identify thermal and voltage criteria violations as per the Reliability
Criteria, and any deviations from the limits listed in Table 3-1.

For information purposes, the Studies Consultant must also provide, as a separate file, a list of any
transmission elements where the thermal loading exceeds 95% of the element’s normal rating under
Category A and Category B conditions.

For the Category B power flow studies, the transformer taps and switched shunt reactive compensating
devices such as shunt capacitors and reactors will be locked and continuous shunt devices will be enabled.

Voltage deviations at point-of-delivery (POD) low voltage busses will also be assessed for both the pre-
Project and post-Project networks by first locking all tap changers and area shunt reactive compensating
devices to identify any post-transient voltage deviations above 10%. Second, tap changers will be allowed
to move while shunt reactive compensating devices remained locked to determine if any voltage deviations
above 7% would occur in the area. Third, all the taps and shunt reactive compensating devices will be
allowed to adjust, and voltage deviations above 5% will be reported.

The scenarios to be studied are shown in Table 5-1.

5.2.1 Contingencies to be Studied

Power flow studies will be performed for the Category A and all Category B conditions in the Study Area.

5.3 Voltage Stability Studies

The objective of the voltage stability studies is to determine the ability of the transmission system to maintain
voltage stability margin at all busses under Category A and Category B conditions. The power-voltage (PV)
curve is a representation of voltage change as a result of increased power transfer between two systems.
The incremental transfers will be reported at the collapse point.

Voltage stability studies will be performed for the post-Project scenarios. For load connection projects, the
load level modeled in post-Project scenarios is the same as, or higher than, in pre-Project scenarios.
Therefore, voltage stability studies for pre-Project scenarios will only be performed if post-Project scenarios
show voltage stability criteria violations.

Voltage stability studies will be performed according to the Western Electricity Coordinating Council
(WECC) Voltage Stability Assessment Methodology. WECC voltage stability criteria states, for load areas,
post-transient voltage stability margin is required for the area modeled at a minimum of 105% of the
reference load level for Category A conditions and for Category B conditions. For this standard, the
reference load level is the maximum established planned load.
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Typically, voltage stability studies are carried out assuming the worst case scenarios in terms of loading. In
this connection assessment, the voltage stability studies will be performed by increasing load in Grande
Prairie (Area 20) and Grande Cache (Area 22), and increasing generation in Wabamun (Area 40) and Fort
McMurray (Area 25).

The scenarios and cases to be studied are shown in Table 5-1.

5.3.1 Contingencies to be Studied

Voltage stability studies will be performed for all Category B contingencies in the Study Area. The Category
A condition and the five contingencies with the smallest stability margin will be presented in the results.

5.4 Transient Stability Studies

The Genesee Unit #3 in Wabamun (Area 40) will be used as the reference for the studies.

The report presenting the results of the transient stability studies must provide response plots for several
variables, including rotor angle, and active and reactive power output for the H.R. Milner generation and
other generating units in the study area. The results report must also provide the 500 kV, 240 kV and 138 kV
bus voltage levels for substations near the point of connection. Other busses will be monitored and will be
reported as determined by the results. The results report must also provide the key branch active and
reactive power flow surrounding the Facility.

Transient stability studies will be performed for the post-Project scenarios as shown in Table 5-1. The
studies are to be performed for scenario 3 (2028 SP LG). The H.R. Milner generation needs to be switched
on and dispatched to its MC of 300 MW for the purpose of these studies.The transient stability concerns
at H.R. Milner is a known issue and performing studies for the pre-Project scenarios is not required.

The transient stability studies are required to confirm the effectiveness of the existing RAS 171 after
connection of this project and telecom upgrade at H.R Milner substation 740S, and to determine if any
modifications to the RAS settings is needed as a result of this project. Due to the existing stability concerns
for H.R. Milner generation, transient stability studies will be performed for three-phase faults, single line-to-
ground faults and breaker open conditions.

5.4.1 Contingencies to be Studied

Transient stability studies will be performed for the contingencies shown in Table 4-9

5.5 Short-Circuit Current Level Studies

A maximum fault level must be provided for the substations in the vicinity of the Project assuming normal
system operation with all transmission elements in service and generation dispatched. Three-phase faults
and single line-to-ground faults will be simulated. Polar coordinates and per-unit values will be used for
reporting the results.

Winter peak scenarios will be used for the short-circuit studies because winter peak scenarios generally
produce higher short-circuit current levels than summer peak scenarios.

Estimated maximum three-phase faults and single line-to-ground short-circuit current levels will be reported
for the following substations:
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Big Mountain 845S
Little Smoky 813S
Thornton 20918
H.R. Milner 740S
Bridge Creek 798S
Wapiti 823S

New POD substation (including in post-Project studies only)
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Further sensitivity studies, in consultation with the TFO, may be required if the primary short-circuit analysis
indicates a potential to exceed or approach the existing fault rating of the transmission facilities.

The scenarios to be studied are as shown in Table 5-1.
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6 Mitigation Measures

6.1 Development

Mitigation measures may be required if the post-Project study results identify system performance issues.
Mitigation measures for the Project may involve modifying or adding real-time operational practices and/or
remedial action schemes (RASSs).

The Studies Consultant must notify the AESO of any system performance issues in a timely manner,
following which the AESO Studies Engineer may instruct the Studies Consultant as follows:

¢ Develop tables showing the constraint effective factors? for generation or load based on thermal
criteria violations that are observed.

e Collaborate with the AESO to propose changes, if any, to the connection alternatives that could
remove the requirement for a RAS.

e Collaborate with the AESO to study modifications to existing and/or planned RASSs, proposed by
the AESO, to ensure the coordination of existing protection schemes with the addition of any
proposed protection schemes.

e Collaborate with the AESO to identify and study new RASSs, if any, that may be required to ensure
system reliability is maintained after connecting the Project to the AIES.

The AESO Studies Engineer will work closely with the Studies Consultant and guide the development
and/or modifications of the proposed mitigation measures to ensure system reliability, security and
compliance with AESO ID #2018-018T, Provision of System Access Service and the Connection Process.

6.2 Evaluation

6.2.1 Post-Mitigation Studies

Studies to evaluate the effectiveness of mitigation measures, if required, will be performed in accordance
with the technical criteria, assumptions, and methods provided in this Study Scope and in accordance with
further instructions from the AESO.

6.2.2 Constraint Effective Factor Studies

Constraint effective factor analysis are used to determine the generator- and load- constraint effective
factors and to identify the most effective generators or loads to manage the thermal criteria violations, if
any, that are observed under Category B conditions.

2 Constraint effective factor studies are performed to determine the generator- and load- constraint effective factors. Constraint
effective factors are used to estimate the ability of generators and loads to manage transmission constraints. A generator’s or load’s
constraint effective factor is defined as the change in power flow over a specific transmission line following a change in the
generator’s energy production or in the load’s energy consumption. The greater the constraint effective factor, the more effective a
generator or load can be in managing a thermal criteria violation on the specific transmission line.

Template Version: V3.5-2021-01-25 21 Public



Docusign Envelope ID: BAD281BA-BF2D-4B44-82C6-429633F24DFB

Study Scope
P2716 Wapiti 823S Load

vi aeso

7 Changes to Study Assumptions

This study will utilize the AESO’s planning base cases, which are based on the AESO’s current corporate
forecast (2021 LTO) with modifications to incorporate the latest forecast intelligence. Sensitivity studies or
restudy may be required in the event of revisions to the AESO’s corporate forecast, forecast intelligence,
or other study assumptions. Additional engineering studies may also be required to assess new connection
alternatives, changes to project ISD, or delays in proposed system developments. Any additional or revised
study requirements shall be captured in a signed Study Scope Amendment document.
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1. Introduction

This document presents the reliability standards, criteria, and assumptions to be used as the basis for
planning the Alberta Transmission System. The criteria, standards and assumptions identified in this
document supersede those previously established.

2. Transmission Reliability Standards and Criteria’

The AESO applies the following Alberta Reliability Standards to ensure that the transmission system is
planned to meet applicable performance requirements under a defined set of system conditions and
contingencies. A brief description of each of these standards is given below:

1. TPL-001-AB-0: System Performance Under Normal Conditions

Category A represents a normal system condition with all elements in service (N-0). All
equipment must be within its applicable rating, voltages must be within their applicable ratings
and the system must be stable with no cascading outages. Under Category A, electric supply to
load cannot be interrupted and generating units cannot be removed from service.

2. TPL-002-AB1-0: System Performance Following Loss of a Single BES Element

Category B events result in the loss of any single element (N-1) under specified fault conditions
with normal clearing. The specified elements are a generating unit, a transmission circuit, a
transformer or a single pole of a direct current transmission line. The acceptable impact on the
system is the same as Category A with the exception that radial customers or some local network
customers, including loads or generating units, are allowed to be disconnected from the system if
they are connected through the faulted element. The loss of opportunity load or opportunity
interchanges is allowed. No cascading can occur.

3. TPL-003-AB-0: System Performance Following Loss of Two or More BES Elements

Category C events result in the loss of two or more bulk electric system elements (sequential, N-
1-1 or concurrent, N-2) under specified fault conditions and include both normal and delayed fault
clearing. All of the system limits for Category A and B events apply with the exception that
planned and controlled loss of firm load, firm transfers and/or generation is acceptable provided
there is no cascading.

4. TPL-004-AB-0: System Performance Following Extreme BES Events

Category D represents a wide variety of extreme, rare and unpredictable events, which may
result in the loss of load and generation in widespread areas. The system may not be able to
reach a new stable steady state, which means a blackout is a possible outcome. The AESO
needs to evaluate these events, at its discretion, for risks and consequences prior to creating
mitigation plans.

5. FAC-014-AB1-2: Establishing and Communicating System Operating Limits

The AESO is required to establish system operating limits where a contingency is not mitigated
through construction of transmission facilities

! A complete description of the Alberta Reliability Standards can be found on the AESO’s website: https://www.aeso.ca/rules-standards-and-tariff/alberta-reliability-standards/
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The AESO Thermal Loading Criteria require that the continuous thermal rating of any transmission
element is not exceeded under normal and post-contingency operating conditions. Thermal limits are
assumed to be 100% of the respective normal summer and winter ratings. Emergency limits are not

considered in the planning evaluations.

2.2 Voltage Range and Voltage Stability Criteria

The normal minimum and maximum voltage limits as specified in the following table are used to identify
Category A system voltage violations, while the extreme minimum and maximum limits are used to
identify Category B and C system violations. Table 2-1 presents the acceptable steady state and
contingency state voltage ranges for the AIES. Table 2-2 provides voltage stability criteria used to test the

system performance.

Table 2-1: Acceptable Range of Steady State Voltage (kV)

. Extreme Normal Normal Extreme
Nominal Voltage e e X X
Minimum Minimum Maximum Maximum
500 475 500 525 550
240 216 234 252 264
260 (Northeast &
234 247 266 275
Northwest)*
144 130 137 151 155
138 124 135 145 150
72 65 68.5 75.5 79
69 62 65.5 72.5 76

Table 2-2: Voltage Stability Criteria

Disturbance (1)(2)(3)(4)
Initiated by:
Fault of No Fault
DC Disturbance

Performance

Level

MW Margin

(P-V method)

(5)(6)(7)

MVAr Margin
(V-Q method)

(6)(7)

Any element such as:
One Generator Worst G
A One Circuit 59 S ors - aze
One Transformer =27 cenario(8)
One Reactive Power Source
One DC Monopole
50% of Margin
B Bus Section >5% Requirement in
Level A
Any combination of two elements such as:
A Line and a Generator
:?V‘Il_éng::;:tcl)?rzactlve Power Source 50% of Margin
C Two Gircuits >2.5% Requirement in
Level A
Two Transformers
Two Reactive Power Sources
DC Bipole
Any combination of three or more elements such as:
Three or More Circuits on ROW >0 >0
D Entire Substation
Entire Plant Including Switchyard
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Standard fault clearing times as shown in Table 2-3 are used for the new facilities or when the actual

clearing times are not available for the existing facilities. Double line-to-ground faults are applied for the
Category C5 events with normal clearing times. Single line-to-ground faults are applied for Category C6
to C9 events with delayed clearing times as depicted in Table 2-4 and Table 2-5.

Table 2-3: Fault Clearing Times

Nominal Near End Far End
(kV) (Cycles) (Cycles)
500 4 5
240 5 6
144/138
with 6 8
telecommunications
144/138
without 6 30

telecommunications

Table 2-4: Stuck Breaker Clearing Times for Lines

Fault Clearing Times (Cycles)

Voltage
(kV) Near End Far End AU
(C5 and C7 only)
138/144 15 24 24
240 12 6 14
500 9 5 11

Table 2-5: Stuck Breaker Clearing Times for Transformers

Fault Clearing Times (Cycles)

Voltage 5
Fault Location 2nd Cki
(kV) . . t
High Side Low Side .
(breaker fail)
240 kV side 12 6 14
240/138 -
138 kV side 5 15 24
500 kV side 9 5 1"
500/240 -
240 kV side 4 12 14
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Pre-Project Power Flow Results

Power Flow Diagrams

The pre-Project power flow diagrams for Scenario 1 2028 SP and Scenario 2 2028 WP under
Category A condition and Category B contingencies are provided in this attachment as identified
in the following tables.

Table A2-1: List of pre-Project Scenario 1 2028 SP Power Flow Diagrams

Scenario Load flow diagram nE?ngbir
N-0, System Normal Condition A2-3
N-1, Loss of 7L22 (Poplar Hill 790S - Clairmont Lake 811S) A2-4
N-1, Loss of 7L03 (EImworth 731S - Flyingshot Lake 749S) A2-5
2028 SP Scenario 1
N-1, Loss of 7L69 (Goodfare 815S - EImworth 731S) A2-6
N-1, Loss of 7L46 (Big Mountain 845S - Little Smoky 813S) A2-7
N-1, Loss of 7L45 (Big Mountain 845S - Little Smoky 813S) A2-8

Table A2-2: List of pre-Project Scenario 2 2028 WP Power Flow Diagrams

Scenario Load flow diagram Page
number
N-0, System Normal Condition A2-9
2028 WP Scenario 2
N-1, Loss of 7L22 (Poplar Hill 790S - Clairmont Lake 811S) A2-10

ATCO Electric A2-2 RO
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Branch - MW/Mvar
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T
16:23



‘ @ 768 e e =
% ‘ w % ow W63 g e RS 19083 E
5 PR 7 1080 L 1083
. " e e T ol MEKLE! e WES;" RTINS L L MARS B
35 <3 | — 71138 . = 5 e I L=, o
p— | HA ) o 42 7L131 42 101 2 Frwisoz I R s
: B 22 B 108 T
P 5|z Portara | . e T 1085 10 2l L8 e ran -
- 111s g i L R Rl S EACERV 1012 . clan <jady 61 :
- POPLAR 7 149.5 B = = oJL04  DAlsHOw Raad 1080 e B
Jotis L | 43.0 7L82 BE glsont omsy TI ) o 357 % 3 WESLY,@d . " Loen .
POPLAR1  ~ ‘ 242 L{( o, #|7 Lrlo 021 *)”m!g s $35.7 Wl e 2002 A
s 108 TL73] 00 00 86 605 1.05 onsions 61.5 255 ESLY 28 738 74.9
148 7 3 || - s p
BNy =3k —— ‘ 557 w05 ss | 4T s o s Sy e 915 27
a0t ! 7L75 259 E E 2 B
204 . 262 55 - TR i
[ - i = o B =|Siesty co 26
ForiARa - 00 | ' ) jwﬂ/ § . . mgzsvg 121 266.4
© Fer] . = " s oo LE : AT B sor o = - = b o wr o Twm [
1 Z2r |( | 18 §|§HTeouoner ol B 2661 ieLeve1 Revee| g
S = ws | LSMOKY? 1716 O -, O - o
1120 RiCrorT? 710 MQUATTAP 7L10 213 T 4’\;% 198 108
Lowe1 21 |03 5 1151 7
17120 . _ B 1153 TL4BTAP pa
Lowed |, TL101 01 7122 e Ile B :L’YLSOH.@, = o7 TLAT0 i, TRANGZ
1O s [ 00 00 | o P ' 1o | . E"—”'ﬁ o e
w i 1497 55 Bl VALLEWT STuRGEO?
) 1124 1.09 7L68 09 2o 1468 7L0f
1363 SADDLE? 1504 3|8 G w | 202 o7 o 1.09 1180 1163
. o 10 5 7648 151.0 151.0 7L56 GOOSE R7 L. SMOKY
™ 25 RYGROFTS o 7116, 25 7.5 1.06 04 16.5
542 : = o 14903 nrs s L7 .
T4 [ 099 TL88 FIR 54 149.9
. 1361 - 12 92 23 23 , 279 7
solB 630> SHOG I 55 s
099 Y Yoo e "0.3H . o o | o
1363 Esst 23 23 o o
14
s Y G4O———4——062 150.4 W I
s UPOKEfR 10~ 105w "0.3H 0.3H o Ziy g@%mg 2
e R I - A A a—— e
MERCER 7 1o ng{( Z'SE 44 | ) 00 B o o2
7LA39 VERCTAP 19 ™ BEZANSONEE 8 . | -840 262 i
1;2 j; 'sj: -59.6 60.6 -68.4 . 83 s .
O“ 106 . g 221 217 | 204 B \—32 ow LsrngRZS RO ¢
1i0 106 O- o | v 262
= w;i 3 1126NGS7 1465 :yssg 1143 w | * 2 1131
" 1.06 ey B! BIG MTNT r s 7L45 o 7L90 MUIR_TAP s
1468 - 796 * DGE C7 ! sarst -59.1 505 FOXORKT
o 789 7L44 20 I H R 350 ﬁ. N
Ly R E oo oo I B e v EH] 49 s N
E od 200 | 1500 so | s
221 s e | ab Caerae e o7 e,
W 7L46 <)
A [z 205 73 e =, ? "
| o 91.9 -80.2 89.6 2 YH s is i
Tl 12 r 83 J— fx
cRYsT L7 I . 7L46 I L40 oz -
1.07 w03 ) T e
147.9 sw | o 1.09 o|otie
7L03 63 -99 708 99 =g L46 151.0 i
7169 oo 1z 25 L 1 AR
1.08 a2 I 19140
‘ 149.0 ! i 1149
Wibmz | KAKWAT
| o 7L09.: w7 | 87 7180
% 1132 ! 1103 57 57
8 I WASS T w 'WAP JCT7 | THORN_144 - -
- W13 363
18134 ! 3| 102 -10.7 ! 1.08
‘ELM{W)OSTB o e 1.08 ! 101 490
3 14.9 1 ).
1.06 ® titwory ¥ 7T sEARCK TLA13 orap ALBRIGHT 1496 w8 L Tos
73107 L 21134 r 20 = 2o I 100 7L80
148.2 o 2[5 |2 1% ELMWORIO O s | o g fas o BEVRE
" e On 108 5 7113 B 1.08 ! 1. A‘g T sl2
EnworTs e L13 s {05 1494 | tags = . &I ik
6 I
,10460 1146 1 ;4057 1148 2| 00 1.08 waé}*‘ 1170
73 e a a7 2 ! HRMILNG il B 5|7 10 140.1 SIMONET7
INES 3 19170 100
A ol VAT NG X | O 3
0.0 gls 2|3 o[z ; = olg ol 1.08 ! |LN55%
o 8|S 85 EiE]
O AWTA N S|s © 149.6 | O~ ® s :«::Kmmzw,
1.05 19142 103 iters
:{; 5 745 BEARCKS 104 B | Too TDW Y ¥ ¥
o | o
Bus - Voltage (kV/pu)
Branch - MW/Mvar
P2716 CATEGORY B, LOSS OF 7L69 (Goodfare 815S - EImworth 731S) Equipment - MW/Mvar
SCENARIO 1_2028 SUMMER PEAK PRE-PROJECT 100.0%RATE1
ATCO Wapiti 823S Load | MON, JUN 16 2025 16:23MON, JUN 16 2025 16:23 1.2500V 0.900UV
AZ-6 kV: >0.000 <=34.500 <=72.000 <=144.000 <=240.000




L 7163
! ] 7163 T | 19083’ S
% ‘ @ o® on 7L63 o B2 0% SN 1083 CARMON 9|
P = ot e o WEaver caRmoy 7 | 7.1
= R y Y. - MEIKLEY TL106° Bl g s meses SRR ES T
eSS O 0 I E B oot - - - 5 on it
NES | —— 71138 U 3 260 109 O Ol e
I ° | s 7L131 ;; 101 e P03 1o e b
I | zls w22 o i "
105 N : oo olr slals e U120 e i 2l :;s:,s g L2 g
257 5|8 porLars W82 ey e oo ol E|E[T W PEACERV  10sip12 o " STL61 ;
% L——toa O 0., DAISHOW? 10 o5 B 85 24 s -
RORLART ‘ e “rs il [Liow <7104 64 % g WESLYG4T iz o
2 | 44 o 2|ZBUcHNC: 353 Yo 39 §36.4 WeT e RINTO2 2
#|7BUCHN CTILAA 1.4 e B
19118 T i 250 Wy N - 61.7 ros T2 e 627 ESLY €0 738 749
POPLAR 1 e LT3, 00 1.00 86 - — 37 % > 362 SP.2 9L15 -42.7
s 148 L L’ﬁ; | 575 1505 59.7 - 214 om0 307 00
T) K foog P2GI_HV  P2631_GEN 26.1
61 103 o | 270 7L75 -262 i3 o1 A
19a B S | is080 1.3
| 2le 1105 e 12 R A IRV N « | WesLy cs 20 266.4
Y|X FRIEDEN? poveree sw. H o W N
Fopia | o] LI NG 70012 R T
o g0 | s o ol A i g &, Wlever Wlever
" 00 I 108 06 s VALLE oL11
L{( 149.7 3 °7L7i0“‘3“ 7 _ . t46a PoNNELLS I e O - 2 -
13 7 245 | A - - - - ! L.SMOKY7 17163 1.05
- - - = 115 1104 Mee LgpoKR17 1.05 e
; GWATTAR TL1D EEEE R e i
R CROFT7 10 55 sw 1151 67
Lower =03 a0 | . 1163 7L48TAP o
17120 e NE s gmou&, = 0y TLAT0 - | i, TRIANGL7 o, Jos
LOWE: 7101 o1 7L22 ¥la °, . 2. 1 1165
- 0.1 . s kg 108 i 2, =6 8 STURG | STURGEO7
1O o8 00 0.0 i) o = s 149.7 o VALLEV\N 146.8 7L01
W . 29 09 3
13.5 1124 1.09 - |JLe8 G 7 i 1.09 180 e
s SAODLET 1904 =5 W | _2Teds 207 L 710 151.0 7L86,,,  GOOSER? L. SMOKY
w0 " 1.0 23 73T 06
. it we ik, ; M -
rry 20 cu 20
7.3 sly -
z il D TS - : o ozs | 2s 20 15 e
w1 o2t I o | o,
109
o Y Yo i o, Mo 1
1435 O 1250 /
e e 10- = G 5am EXT : | w07 | s 3
aas UPOKEfe 1.05 e — - - -9 84 W e
o 1109 05 w_y 1.06 g 88 © .
MERCER 7 1110 266 44 116 B 262 i
136t -82.
MERC TAP EngNsoNumso'?: 3 | v
o TLA39 7L39 s 7L32 | 86
7L07 152 116 -11.6 637 64.9 727 ; 18163
25 39 295 28.2 s LSHQKR29 o
o Ou 1.07 2 03 L 784 )}—Q—S LA ;&ga
ol 3 Tis2 L39 ‘ 228 00
o 19109 1,08 ‘O— 32 sao7se 262
werlffs 108 107 o7 s s
s 6 | n 1131 175
1119 2 s 1483 148.3 1143 3 e TL45 + 7L90 MUR TAP FOX CRKT
N DFAR7 ) B £t BIG MTN7 e § 58.7
3|8 eoor 1.08 . DGE 7! siarer 254 58.6 o
] ) 1484 s m 7. we § P Y 268 %7 o, ’
~ = sw 1 118 1357 136.0 % T 35.0 347 147.3 RN
w7 T{( uF m 373 TL45 -366 | : 1‘0773 FEiRRon Omuv
. 825 e
25 63.0 7L84 6342 CGETAP s A . _TL46_ _ . .
o< uc s 253 N
a0 252 83.2 7}9.0 57098
iz 856 | 629 7L40 fad
ol T sz | e 7 b 7146
CRYSTL? - - - - - - - - - = 20 1
" 1.09 g|%
1.06 sw I ¢
1.0
146.5 7L03 579 )}7,0‘7 L46 " 5 )
7L03 41.0 572 T - - - —- - - _ __ _ _ _ _ _ _ _ _ ____
7L69 B : 1.08 T it
148.6 1508 "3 - 1149
| 1.07 KAKWA1
e 266 | 266 7L80
| 1103 L 58 | 68
1132 THORN_144
WAP JCT7 713 363 !
. -
& 2R’ 123 ! o7
18134 | 1.08 ! 23
ELMWORT: 1.08
7 1142 1138 " peRET 149.1 e 7L228 s 38
103 BEARCK1 TLA13 BCTAP - o e 5 i 7L80
1105 o = G fus o B
e o~ | « | 5 olg
144.8 comiiia B - i |2 3
1.08 365 7113 s 0 A ]|% iz
149.2 476 121 * I N
tlimmors iia 13 750 | 1170
* (s 10 i 1148 it s[5 1o e ‘"‘&J@ SIMONET?
108 wiitl 3|3 N
1.0¢ 1146 1 57 2 @ e b
7.2 ols P3G ar | O e N shione
el 0 |2 108 0 ow ( N JE ‘ 1 —
° 00 glg 2|3 2l R[S ol5 o= 25 1o '”“EW: 1
1137 gl 3 8|8 149.1 | (O~ ® 7 HRMILNT,,.,,
O ANTAR 1.03 R Y ¥ ¥
1.05 19142 104 18142 | 185 ._‘ns S
474 14.5 BEARCK3 BEARCK2 =5
57 14.3 | i
11&3
155

Bus - Voltage (kV/pu)

Branch - MW/Mvar

P2716 CATEGORY B, LOSS OF 7L46 (Big Mountain 845S - Little Smoky 813S) Equipment - MW/Mvar
SCENARIO 1_2028 SUMMER PEAK PRE-PROJECT 100.0%RATE1
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A2-7 kV:>0.000 <=34.500 <=72.000 <=144.000 <=240.000
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Attachment A3
Post- Project Power Flow Diagrams
(Scenario 3, 4)

ATCO Electric

A3-1

RO



Pre-Project Power Flow Results

Power Flow Diagrams

The post-Project power flow diagrams for Scenario 3 2028 SP and Scenario 4 2028 WP
under Category A condition and Category B contingencies are provided in this attachment as
identified in the following tables.

Table A3-1: List of post-Project Scenario 3 2028 SP Power Flow Diagrams

Scenario Load flow diagram nE?ngbir
N-0, System Normal Condition A3-3
N-1, Loss of 7L22 (Poplar Hill 790S - Clairmont Lake 811S) A3-4
N-1, Loss of 7L03 (EImworth 731S - Flyingshot Lake 749S) A3-5
2028 SP Scenario 3
N-1, Loss of 7L69 (Goodfare 815S - EImworth 731S) A3-6
N-1, Loss of 7L46 (Big Mountain 845S - Little Smoky 813S) A3-7
N-1, Loss of 7L45 (Big Mountain 845S - Little Smoky 813S) A3-8

Table A3-2: List of pre-Project Scenario 4 2028 WP Power Flow Diagrams

Scenario Load flow diagram Page
number
N-0, System Normal Condition A3-9
2028 WP Scenario 4
N-1, Loss of 7L22 (Poplar Hill 790S - Clairmont Lake 811S) A3-10

ATCO Electric A3-2 RO



7L63 ks

50 7L63 1908
o i 0 @ ow 7L63 d e 19083 7 e .
w = 1090 1 cARMoN o] - @y
A N~ e W o MEIKLET WESLY C7 CTSM y7 | 7.1 B
H s o -88 7|_oa 88 9! of -
oot ! = 71138 8 5 73 [ R a0 S
rorlih? : S | v | a1 ll'i"‘m 151:2 e e w0 3|3 kows
1.0¢ e e L2 w22 ﬁ.“i o e
26.1 5|8 POPLARS3 R S P o4 S 1085 1.10 1087 2. 7L12
) 118 2 ‘ e . g ored R s ) olaws ,‘ 3 SOEBAL LK7
s ., o POPLART 149.5 | = = 5 7L04 DAISHOW? ; 149.5 1 7L61:
19118 2e—— | 41.3 7L82 HE R - o 51 \‘I\?E&gL‘(MM % s s
POPLAR 1 - -2 sw o #|¥BUCHN C77| 353 E = N " 0 .
% "oun ° a0 K " e 50.6 105 127 s 60.8 G351 il sz "
Y 198 3; i 109 56 - 105 o = w0 ESLY €8 757 6.8
o1 04 43 wite 541 1505 560 0 g 4-5“4 > caso | SO oLT5 429
20 ! %6 75 256 7L06 B0 BN e Foo—+o— 307
o w i @
| 2|2 1105 o 100 B 1Y
S S i ) S | So080 56
POPLAR 4, (3. 00 T|§ FRIEDENT L BN ow* | WEsLyY co o s
1O~ o—;Eai w0 f e o
00 3ls s 10912 -
1.00 sw I 109 <‘7L7i1°2 N 1022 40 - - - - - oo
4{ 149.8 2| dLBoucH c7 1.06 Jereo 111 171 1173
58 TRl | sg A L A s Y 266.0 VALLEYG1 VALEYG2 | g 4o
: g 7L10 kSt Ry | USwokr Ties O . O
KSIT R
120 iCrorTr 7|_1n MAWATTAP -21.3 [ LEOKRI7 1.05 o
1120y O | 151 iy 7
AR 1101 1 oo N 1153 7L48TAP 1
) - - 01 L2 “ g2 £[Rdior Ry | TRANGL? o, 357
O o8 00 | w | | (. ;‘4—“.725 172 116
o Tr B s 1.06 g STURG_1
136 124 oo 76 B e Valewr 140, STURGEO7
. SADDLE 7 1504 Bk e 7L01T oo
o100 s | b 19648 -19.2 07 151.0 1.09 1180 1163
» e ] g 1.09. , ] 151.0 7L56 GOOSE R7 L. SMOKY
7116 29 80 184
o1 1117 140057100 1%
2z 1° 7L88 N CLAR L 146.8 1o
h T ol 7122 - 79 23 23 -26.9 7L54 140.8
1.04 a1 S gam 20 RS 50
7 oeest : sw 03 o
1438 BESS1 i
1114 23 23 1.09 —o— -
05 UPDIKEMG 10- - [ Oy pem el 150.4 5o L . o
-3 5 . 1.05 s g o 10163 o1
o8 | o0 108 ; 7 ow_, g
1110 267 i | oo R s
A3 MERC TAP . o f o =
7L07 L JLCA—— 262 1
15.2 212 7L39 212 7L32 7132 i 90.5 "
25 559 568 646 o W 506
-l Qw108 139 00 86 255 263 | 240 T o 09
P L eT
B 1485 7 69.1 Lsw P > 1.09
= . 214 "o0 39 2626
| . 7
N sl e 0 5 _ 11 1o 1.08 il s 262
2 % Gool = 5 ; | s
S|R 3|3 FLYINGS? Her 1145 BT w 7L90 1131 1175
! ) BRDGE C7 | saaret MUIR_TAP FOX CRK7
- 1o b 784 7L44 79.1 ™ 618 62.0
o i w ( 148 3 om 139 1002 L wos | e P -37.0 386 I—.ZB 7 280 o
317 £apd  Hbe m O 7Y « 348 -36.0 1.07 ’
=3 . 52 7L45 iw7L45 147.3 -
™ s 27 L84 12 [ty 825 107 |
o 3 - W
oo 29.9 -29.6 . 1 | 147.3
e 7133 3 98,
ozt S -91.3 91.6 -88.9 89.3 e | 7L46 8 m 10
il h - o i =
CRYSTL7 83 7.7 6.2 159 1= 40 ! s,
100 7L46 !
146.7 swhe 8 Rl
7L03 423 585 7L03 50.3 )}74“7 s e 100 FE
e 78 26 26 | 151.0
- e
! 0 e
eme 7009 ! .LI>,, 1149
‘o 2 =5 F KAKWAT
o TLO9 w: | R [
= o [ 72 7LA228 I 2] I P AT
o . e = WAP JCT7 o - ol - Y] 53
5| 7L13_ 363
8134 S| F|S ,
ELMWORTS 2o ETRg L .
1. s p
s 7 1142 1138 149 1139 ! 147.9
1.05 BEARCK1 TLA13 BCTAP ALBRIGHT ‘
72105 m s =
451 aumiiy & = | ! 7L80
7.08 8
34 149.4 %5 7113 < 1.08 107 |
ELMWORT6 7L13 476 11.6 149.0 | 147.2 3= .
6 180 o Bk i3
’105 108 | ~
10 1146 1 a7 140.3
als P&GS a7 2 | s sls s 108 gle 1170
40 S(® 108 I sw ) o R i 148.4 SIMONET?
T 1493 o[ 2 wm 1o
5 PaG 7 wramlt s[E oT. INES ! ; SaoTs i
gle 33 als  R|e - I
O i REoOEF = BR ‘
AWTAP ? SI= X
474 1.05 19142 o4 8142 ! 1o e MlLNzw
37 45 BEARCKS g BEARCK2 | - 1
11 18.4 b P4
155 ! i

CATEGORY A, N-0 Bus - Voltage (kV/pu)
202 Branch - MW/Mvar
P2716 SCENARIO 3_2028 SUMMER PEAK POST-PROJECT Bt MW var

MON, JUN 16 2025 16:36 100.0%RATE1

1.2500V 0.900UV
A3-3 kV: >0.000 <=34.500 <=72.000 <=144.000 <=240.000

ATCO Wapiti 823S Load




7L63

7L63 o

19083
1082
WESLY C7 (‘:if;M . C?TM()N 9
90 7108 80 o 9 0
3 26 006 70
1o e R 1904 o

i,

“f075 o
712

SEALLT

149.6

|
1145
BRDGE C7 |

00 e
262
741

080 I
201 WESLY.6dn vl
o 2 G 29.1 e 280 i
o 42; 117 % 43 WEy - BRINTO2
. > 200 S8 9L15 -42.0
HEw e ooo——+64————1 308 000
o Sa1 21
o
it o) 0 62
o = ESLY Co
- 126 2668
sl | 266.4 VALLEYG1 VALLEYG2| g 4o
o T < O
- LgoRR1T 1.05 1.05
o1 14.5 145
1153 TLa8TAP s 7t
s 365
sy, TRANGLY
E“—.in 1172
1155 1.06 28 STURG_1 1165
VALLEWT 1469 STURGEO?
7L01T
1.00
17048 -186 % 109, 1180 1163
30 8.1 1.06 7L56,,,  GOOSER7 L. SMOKY
1469 T
263 7L54 1500
a3 i 62
sw. 402 o
1.09 e I A
150.4 20 o or
ET e B
- o2
-5 Z 58

19163
12 o LSYgKR19 ’—g"“ .
-O=

Exz]
18163
446 L sw_ LeypKR2e

W “741

o2 142
;T“ 1.10

7LA228

— “THORN-144— !~

171228

9 | w @ 7L63 5:“
S o~ e =
3% <8 | -~ e
I ‘ .
oo 17118 | o
5|= POPLAR3 . R 71120
8 1050 @ alw 10
B ne . ool 313 3[R[7 W
! 149.8 o -
! 268 g oo
-16.9 sw T #|IsucHNC7ILEY
! £
560 073 o (
4% H | 1.09
w2t -39.5 150.7
! 191 LTS
©
16118 | gz 1105
POPLAR4 gy oy 00 i |2 FRIEDENT Boud s
! ; E 0.0
1.41 I 1.06 i102 -
19.4 150.0 2| I T%olcH 7
gl
1100 = 1115
1120 RYCROFT7 7L10 MOWATTAP  TL10
17120 LOWET 221 103
LOWE: 7101 2 © o o 01
-0.1 e 2 | FrvcrorT gAY
O . o1 na 1 &[s 3 ¥ 0y TLAIO
1.39 i 104
Ry 1124 ! [ jLss 100
2027 o SADDLET | | 1504 52 149.7
(] i ‘ o N
[E rrcsdr s g 1.09
A 14a%7
L oAt
104 TL88 L‘ | N
M9 ol% 1722 56 23 23 oy,
! Y Vst 293 ~0.3H -0.3H
, 23 23
10- = 1O —062
‘ 108 “0.3H 0.3H
1109 - - - -1 _
MERCER 7 0.5 106
1110 i
7L07 7LA39 MERC TAP »
285 L 25 732
o~ 24 332 335 33.8
S|z Jou 1.13 = oY)
T|e O 156.5 7L39
2 1126
g o 1.3 FLYINGS7
. 156.6
sw 668 7L44
s 1( $2 7
w22 232 233 4"2u F_H e 825
’ 1L - i) CGETAP
7.7 6.0
7L33 7133
04 e
62.3 72.2
1.20
165.5
7L69 57.9 -84.1 7L03 89.5
N 1. -141.1
151.0 151.3 14 A% »
115
Tomdl = 157.6
7L09:1 ~1T 1101
e 1132 GPEPT]
s 5 ele 8 Wab Jc17 o
g 38 157.6
18134 i Y€
ELMWORTS
- 7
131 a2 1138 0
9.01 31 BEARCK1 TLA13 BCTAP ALBRIGHT
1309 it e e ] -
113 ~
17134 156.2 367 7L13
ELMWORTG 7L13 47.0 BTN
> 6 176
1.32 1146 113
1
& sle ity 57 ” , T2
1140 N[N 113 1 ow
5 P&G 7 | 1562 00 o[% 2.
B8 33 EIE . .
~ 137 g o= ol
! 10142 AWTAP ? S|s 8
474 1.08 18142
BEARCK3
14.9 BEARCK2
1
16.2

1.11
153.6

a0 o0 g0 %0
e 262
= 7145 7L90 e 1175
™ 535 535 FOXCRKT
P A s 290 301 Iﬁo .
. = 30.0 -32.4 b 107 /
1 dL45 147.4 -\
1.07 st ! ssome
147.4 o S
7L46 w2 . ™
L | 9
= . 7L40 . W't
7L46 L) oz T
YY)
151.0
.LI>,, 1149
| 153.4 f KAKWAT
100 =0 188 | -189
130 130
111
152.9
7L80
<|e
s|® ale
wo gl s|e 109 o 1170
PR L 1510 SMONET?
gadl 1147
O @ 55 HR MILNT,,,,
1.06 ey
19.1 = e ¥ ¥ X

P2716

ATCO Wapiti 823S Load

CATEGORY B, LOSS OF 7L22 (POPLAR HILL 790S - CLAIRMONT LAKE
SCENARIO 3_2028 SUMMER PEAK POST-PROJECT

MON, JUN 16 2025 16:37

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%RATE1
1.2500V 0.900UV

kV:>0.000 <=34.500 <=72.000

<=144.000 <=240.000




o | 6 @ ow e e z ijn e 19053:
. o 6w W ! 1090 " yoncens 1082
o (- W . MEIKLE? L6 O WESLY C7 (':‘f;m 21 S
38 2|8 | — ¢ ™ “ -88 7|_oa 88 95 9
o — 2 70
_— | . W
1.00 N e # e :i 10.1 L',";'m v 7502 1081,
250 S[§ POPLARS ji s 1o, TL120 LY
3 e EREI Ea= 1085 110
POPLAR T ' ! 1495 eyl 74 PEACERV  10gt61.2 ﬁ-‘h" IR ) SDEBAL K7 L12
| 25 | e g . 1081 ofL04  onsHow? 199 1080 SIS
-24.0 sw L T #|7BUCHN CTTLYY 353 I 355 & WESLYGdony
! 1 i i) E s ¢ 7
108 s 20 1( 0 bos 2T )T 12 [ - i
3 E | 108 86 |_ 105 o a2 s sRiNTo2
R i 553 150.5 573 41 38 Ts;"‘n"’ 3 a5a ML 915 428
- 260 L75 258 Bt HEw Paee W 307 OO0
! § = 1108 oz 100 = e ot 261 06
& FRIEDENT seudics i o o080
O ForiR V; E’* 00 | = S P e “WEsw co 3;2
0.96 00 sw I 109 102 32 00 LU 1.0%1.2 B oo
132 o 1498 ~|dL%o0ck o7 o6 v : B 1 | T
¥ | Sk e 257 17t 1173
L S sl | 2661 VALLEYG1 vAltevez | g o
1115 1164 10O -e 2 -
Ve 0y D e S e © SR
LOWE!
17120 103 85 1151 3 o 3 "8
LOWE: 7101 o e 1153 7L48TAP 1
01 o1 g 5
O . 00 00 | e wo | s 5|8 o7 THAI0 = ygh L TRANGLT gy %8
094 w o ar E“—.izn 172
13.0 - | “ 1155 1.06 28 STURG.1 1165
.00 5 n2e 1.09 =, STURGEO7
138.1 e SADDLE 7 1504 S 5L68 VALLEWT 1468 7L01T
i g 109
P P i 2 200 2
2] e s e " 109 205{248 7 o Tsro 7L56 o0se r7 {'Sok
oo |3 s AL 12
0.9 S 8 165
et} Tty 59 23 23 -27.7 T
. ol 22 o3 Oer 754 iiso
138.1 ¥ Mssror 165 -0.3H -0.3H -39 : 33 .
1114 BESS1 23 23 109 L2 405 BN
” . = a1
335 UPDIKE ., 10- - o G4QW WO& 150.4 00 . OH‘OG,
: 1100 o8 o w I - M 19163 goo——
MERCER 7 o oy 106 ‘4 ‘ 78 o e adal p— .
: 4.4 00 T o Bl
L07 LA39 MERC TAP e, L 63 o D=
BEZANSONesiE LR | %2
152 637 7139 635 732 7132 | 855 - 185
25 586 596 | -674 .
g 3 ot 1.07 0 e 224 211 80 855
%|s 3 O 1, 7L39 - 18163 2 e
ri | sw_ tPygKRee & oo
I
1119 s 79 126 1.07 107 00— 08 2627
3| coooFAR? & FLYINGS? 140 1473 262
g 7L90 31 1175
-~ i 711 TL44 77 MUIR_TAP FOX CRK7
i W -69.7 59.9
EZR J1 Y 106 550 w5 f—or 77z P
S 302 o W 336 -352 1.07 N
w2 o 1156 1168 4"‘2“ E—H T s 1473 -
o =<le 7184 e b i CGETAP 1.07 o | soae
- 274 245 147.3 o B
izt 7133 7133
i 829 sa2 | 805 808 .
CRYSTLT ] 0 125 24 . o =
703 sw 1,
789 B —— - == - 20 109
| 151.0
| | .
W o5 1149
| R (X1 J | P .
o T e A i i or | e
s ! i i | waP JCT7 - 780
|y -~ = = - 148.8 [T T~ TTHORNC44IE 52 52
18134 5 ! i 80_~, W13 363
ELMWORTS 12.0R 1.7 1 71228
—_ L
e -Or \ 1.08 w, 107
098 o @ nm 9}2@ 1142 1138 149 1139 | 148.1
09 ELMWORT? BEARCK1  TLA13 BCTAP ALBRIGHT
0.99 21134 !
1359 cuwis 5|7 2|2 5% ELMWOR10 - |
- 10 7.08 i 25 o 7L80
7134 00t 1404 w3 3 108 -
ELMWORT6 e 7L13 47.6 115 149.0 | 147.3 =I8
[ 3 6 18.0 w ST 3e
099 1146 0 ! -
68 2|3 P&GS ! a7 2 1404
1140 §[S 108 I sw x ! il 3 8[54 08 ‘“’%.Jz. o
5 P&G 7 T 493 b ( Sl 2 ‘ - = 1485 SIMONET?
s =l S[E e _m o
gl 23 o« 25 ole suoltRs b
cl® T 1137 sls o= 2 1.08 ! b —
O o o awrap 7T s|s SIS 1aes ‘ P4
4 106 18142 R 1478 AR,
51 45 BEARCKS g BEARCK2 | 1.03 e
1o 18.5 o g ¥ ¥
155 | i

Bus - Voltage (kV/pu)
P2716 CATEGORY B, LOSS OF 7L03 (ELMWORTH 731S - FLYINGSHOT LAKE 74 Branch - MW/Mvar

SCENARIO 3_2028 SUMMER PEAK POST-PROJECT Equipment - MW/Mvar

ATCO Wapiti 823S Load | MON- JUN 162025 16:37 100.0%RATE

1.2500V 0.900UV
A3-5 kV: >0.000 <=34.500 <=72.000 <=144.000 <=240.000




_ ‘ P nes M e = e prer
A A < [, A A y MERLET WesLy 7 1083 CARMON 9}
55 5y T i b 5o g aa_, VU7 |11
sorl2 o w2 1 L 73 26 PsTos | i
_— | - .
098 17118 % 2 :? 95 B BPa1902 b8,
s 244 3|8 PoPLAR3 ! Soner w0 o slmls oy 7L120 ‘ %075 W
: 1118 g i o8 T2 we g B ot sl 2l L A w007 2. %1 sl L2
s POPLAR 7 149.4 [ = = E B
19118 g — | 459 I 7L82 1041 o 7104 DAISHOW? ; 1490 1080 )
=% e B2 ola 4| 0
POPLAR 1 T | 256 sw ( 10 #[7BUCHN CTILBA 35.2 = -37.0 % WESLY@4ori " Tl .
148 7 108 s 0.0 55 634 105 TL2T - 644 0 37.0 ST s BRINTO2 ™2™
33 4& H | 1.09 ) e - o 68 ESLYES | 777 789
61 o8 25 wWits -58.7 1505 61.0 - N - a5 | 5% oL15 430
244 b 276 7075 266 o Tt 07 WO
16118 | ¢le 1105 1wz 100 O ke 26.1
FOPLARS v . F|8 FRIEDENT sl i w W 3 |gjsem, 39
Wy 2 | WwesLy co
e - | i 3 |:1 i sw T2z Z062
094 sw I 108 102 32 ) e 10912 T O e
130 s 1( 149.7 5 ﬂuioucu o7 o Tos W8 = 1501 103 111 71 1178
o s A oo ) 265.9 VALLEYG1 VALLEYGZ | g 40
1115 1104 1164 1O e 2O e
1100 17163
1120 RYCROFT? 7L10 MYWATTAP 7L10 g MSTRV L ] SN avokRi7 105 1.05
LOWE! % 145 145
221 103 55 | sw
17120 1151
LOWE: 7101 @ oy AN ez 1C | 1158 La8TAP wia O
| - 0.1 o1 722 2|3 HEE 07 TLAT0 — | ] TRIANGL? 362
O 0.0 0.0 1087 1043 s e o T 8.4
0.93 w T T 1.09 i = J— 28 ue 1165
128 e P : STURG_1
5 SADDLE 7 Lo L6 149.7 e VALEWT  1ans STURGEO?
1353 1504 SR [ = 7L01
N - k3 09 Ll 2 isho Tsro o e
543 ar 117 1o fe 27 78 % 106 L5615  COOSERT L SMoKY
20 0gs TL88 N CLAR L 146.8 75
SwobiEs 182 7122 - -11.8 23 23 Oer -27.6 7L54 T8
0%, Y Yesrion 214 “0.3H -0.3H 40 w B ‘;z‘i s
114 BESS1 23 23 109 - B
a5 UPDIKEk 10~ = [ oryan mrymeLl 1504 o 2 o O
o 105 s 0. E | 505 oo = “896 i
1109 w . - = 104
MERCER 7 08 w_e 1.06 44 I ! 64 = LoppRRIe ’
R 256 ’ I He
AP 4.4 00 ¥ A .
LA39 MERC AL U N N P it o D=
eonaid|3 2|3 8(8 3 | 262
153 P 7L39 639 7L32 7132 i -91.4 "
25 s e Rl 612 | -720 o5 Lo o1
Qe 1.06 7139 A 227 220 206 ! 18163 07 |
145.9
| 774 L sw_ LelgrR2e > 109
w0 s 1.06 PO . 159 Moo ™ g0 2626
. 1126 157 1.06 K e 262
B FLYINGS7 146.3 ki)
B o 1131
-76.0 7L44 767 e s e MUIR_TAP FOx oRK7
sw i 627 628
; |2 56 5 o 78 i 398 1284 205 y
309 LTI I s " 353 364 s N
G e 1160 7L84 172 m,j L}V T > T 107 v 1o
w0 241 212 = 147.3 o B
P 73 s <}
iy e 864 ss6 | -850 863 7L46 s . -
CRYST L7 1.0 0.5 9.5 9.2 o 1 | :1:3“ e
| 1.06 o7 7L40 . fvad
146.9 - .
L sw o 108
169 ' 7L03 6.3 0.9 03 99 o o] -
| 09 | 43 26 TLA33  GPEP39 | ) I R I
! . A 148.0 :
W ®s 1149
| 7009.: o |, s | o s
= e [P aper] 3 71228 A 7LA228 ’
| sorzs 198 0 26 224 | -224 7080
s WAP JCT7 o7
- 148.0 T T~ TTHORNC44IE 52 52
18134 I 80 _~, 713 363
‘ELMWO;TE 1‘10235&‘ -13.8 " 1 71228 o7
100 o % 1 % 1142 1138 149 1139 ! 147.5
19 ELMWORT? BEARCK1  TLA13 BCTAP ALBRIGHT
or Ve 21134 o - !
147.2 cuwons 3|7 2|2 5% ELMWOR10 o000 wo ] i
En o 7L80
e On 1.08 o
17134 or 1487 a5 7113 3 or .
ELMWORTG in 7L13 a6 57 148.3 i T o3
e (s 8.1 N §|% 3ls
107 1148 108 |
1
74 o~ 37 148.7
a0 9|S 108 g E0? e 2 | P I 1.07 ‘.,,,44 170
E RO L LA o ). o 5|7 148.2 SIMONET?
00 3R ol of& ! MK o m o
gix 33 ol R[5 wle swoltRs
33 x| S | -
17 8|S als 3l ros 5
O Lo o awrap 7T S|s S 148.6 , - INERS, 1147
14 ! 147.1 HR MILN7,
474 37 145 BEARCK3 104 a4z 1.02 Wienn
3 143 BEARCK2 | b I
1o 18.4 o> g ¥ ¥
154 |

Bus - Voltage (kV/pu)
P2716 CATEGORY B, LOSS OF 7L69 (GOODFARE 815S - ELMWORTH 731S) Branch - MW/Mvar

SCENARIO 3_2028 SUMMER PEAK POST-PROJECT

X Equipment - MW/Mvar
MON, JUN 16 2025 16:37 100.0%RATE1

1.2500V 0.900UV
kV:>0.000 <=34.500 <=72.000 <=144.000 <=240.000

ATCO Wapiti 823S Load
A3 -6




o ‘ x5 n e e = e e
P =1 1090 § 1082 CARMON of
. . (.- e MEIKLE1 WESLY C7 (‘;TSM 7.1 :
23 5l ol 957
5% 2s | L138 44 88 7L08 88 9
ol 7 N 320 E ol
— ! : [ 2] o ke H o
1.03 N 17118 ‘ ° o 21 e 75“ 1b#, e Jor s
258 S|&  POPLARS it o ola almls we TLI20 4oes . 7 “
2 s g M el 3(3 2|F|S A0 1.10 2
POPLAR T ' ! 494 R 74 PEACERV  10gt61.2 ﬁ-h" IR ) SDEBAL K7 L1 »
2 ms ‘ L04 DAISHOW? s = 14 50, *
i : | 457 | e o - o7 - SIS
o 268 sw o 2|Buckn c7LB1, EZl E b4 WESLY45% . n .
HE " un oo 1¢ ) 727 e 381 o 280
14.8 19.8 84 65.3 1.05 oasoe 66.5 e BRINT02
33 4'3 H | 1.09 573 . ESLY €8 781 792
67 " 103 40 wWits 614 1505 63.9 26 27 T&“ 3 e | 5% oL15 430
257 ! o 288 7L75 -27.1 i Bt o ;'\:.—H?AT 307 OO0
| 33 1105 war 1 S 9080
FRIEDENT sl i W 21
POPLARAV " ~ ey o7 4 SR
0 ;E 00 | sw % w2 ESLY o
) H o sw’ 121 266.2
099 00 sw I 108 102 s U T P 10912 s [ e
136 Ermlt | Mo N gu OUCH C7 e w57 o) 171 1173
o - R - coneils ) 265.9 VALLEYG1 VALLEYG2| g 00
1115 1164 1O e O
1100 17163
1120 RYCROFT? MYWATTAP 7L10 213 B L e AU Ve 105 1.05
e 103 55 145 145
17120 E 151 iy %
LOWE: 7101 e ol 1153 TL4BTAP
O e 'g; Z; " nz R $ls o7  TLA10 sy, TRANGL o, 6.1
097 |~ h i = : i P 28 172 168
14 ; T 1.06 . STURG_1
1.03 1124 1.09 JLe8 ¥ Bl VALEWT  ies STURGEO?
1422 SADDLE 7 150.4 NN | e 7L01T
3 = 109
o S 1.09. | | 27848 205 o7 151.0 N 1180 1163
a5 o 1117 140.080008, 25 75 T 0 ol L5615  GOOSERT L sMoky
06 Y 100 TL88 R CLAR L k: 19 146.8
seonies I g 7L22 145 23 23 Oer | 282 7L54
; 40232 Y Yesrior 118 -0.3H -0.3H -38 ssmonr
1114 BESS1 23 23 109 sw o
335 UPDIKE 10- - G4QW WO& 150.4 5o o O
" e (1):25 o y . o l;lg%wg oo I
MERCER T - 4 A : sw_ = o
VR TAP 7 1( 136 | e F
07 7LA39 . L s o O=
152 7139 7132 JLCA—— LR | 262
z 41 41 7L32 i 598 s
25 s 689 704 782 o5 Lon 500
sle O 107 739 o2 315 a0z | 289 T 18163 s |
R 147.1 LSMOKR29
) — e :
ol o M9 o4 w0t R 1.07 o7 ; P | . -21.6 00 ,sgf 2626
sls 3|3 cooorarr = EL] : FLYINGS7 rard 147.4 1% s ',32'
' N 147.3 BIG MTN . s TL45 o 7L90 175
IR st T4 sor BT AR e o2s XK
o T{( 126 3 o 121 D) L we | -37.3 39.0 Iﬁo o
- £, ; E.: fLX‘"‘E‘ . T3 Y e & i o 350 -36.2 I 1.07 N
i e 555 7184 L B Serwe s 1.07 s s | s
w0 256 260 = 7033 147.3 o S
izt
i w07 T8 g9 782 785 .
CRYST L7 56 5.3 14.6 145 e 040 | :1:3“ e
a3 ; 7146 L
[ swE - - - — -4 e
™ 7L03 398 560 03 56.7 )}ﬁ - 109 oo
65 2 13 151.0 §
107 | e
147.3 i .
Er 709 - o o Kkwat
A B 71228 * 7LA228 e i a2 | e 80
8 w47 = WAP JCT7 L .
- = = - CTHORNCM4-E- 83 83
JEE N L 2 7L13 %62
ELMWORTS 13.0R 164 1 71228
- 7 1.08 18, 1.06
08 1142 1138 149 1139 ! 1462
7 BEARCK1 TLA13 BCTAP ALBRIGHT | 1144
s o w s k. DOME cu7
158 S = | ! g e 7L80
1.07 o G - g HTIE
i3 s s65 L3 s 1o I & |
ELMWORT6 116 7L13 47.6 163 147.5 | 1455 7 NIk
e (s 8.1 N 8|5 2=
1.04 1148 , 107 |
147.9
7 2ls 468 X 37 2 | 48 wa g o7 1170
40 (S 107 8w HR MILNS i 35 & B 8 -
5 P&G 7 T oare b ( oE & | .\ o
als 2z o|R ~ suoners ]
gls 23 = N slo . 57147 —
, 137 g|e a5 3|e 1.07 ! i ILNERGT
O AWTAP ik 147.8 , %6 1147
P 1.05 19142 os ez “O- 8 iss HR MILNT,,,,
4 145 BEARCKS 103 K2 ‘ 1.01 i
11y 18.2 = = % 2@
153 |

Bus - Voltage (kV/
P2716 CATEGORY B, LOSS OF 7L46 (BIG MOUNTAIN 845S - LITTLE SMOKY 8 Bronch ﬁ%@,&vaf“)
SCENARIO 3_2028 SUMMER PEAK POST-PROJECT

X Equipment - MW/Mvar
ATCO Wapiti 823S Load | MON- JUN 162025 16:37 100.0%RATE

1.2500V 0.900UV

A3-T7 kV: >0.000 <=34.500 <=72.000 <=144.000 <=240.000




EH 7L63 IRt 7L63 1
- i w = % ety 2 i g, o 1%,
[ ' 1090 ¥ b S CARMON 9
s s (" s MEIKLE? L6 O WESLY C7 (':‘f;m 21 7
32 2l | T 1 N 48 7L08 88 95 by
o - 2 0
p— | N =7
104 N ? = b 102 ‘mm i 502 158,
5|2 POPLAR3 = - o
o g|° 7082 e g e o clsosw)s o TH20 qoss 110 72 L12
1118 : ‘ L —ooe  TLB2 w47 PEACERV  10gt61.2 HEE SoEBA“”
- POPLART el @ “ L04 DAISHOW? 149.5
8 | 4.2 I 7L82 Bz _|et041 o7 1080
z i 248 |_sw " #|7sucncrLgt, | ess 362 % WESLY.45:
ile L3 0.0 ( e Tt 1089 g 36.2
148 198 86 |_-612 105 et 622
33 4»3 H 1.09 ) e s 60 ESLYZo | -734
&1 ros 43 Wt i 570 05 s91 | - Sl B P ) 9L15 27
b . 268 7L75 -26.1 7L06 e | B e oo %07 [
| g A 1105 e 10 2 = ) z o jor o 261
S FRIEDENT sl i w W S0
O ForiR V; E" 00 | = e Ve WEsLY co ’éo
100 00 L{( I 1.00 v«iuim 32 -0.0 or < f: e " o 7.7 S iﬁsi I
138 246 1497 gy BoucHcr 147.4 06 e " a7 1 171 1173
o EE D L. - camils e 266.1 o VALLEYG1 VALLEYG?| g4
100 17163 1 d -
1120 - e MgyATTAR TLIO 215 KSTRV | S o o (e 105 105
LOWE! 145 145
17120 - 03 [ 1151 e
Lowe: we 2 & o« s sl LAt0 7oz 1 i . Taamae 18
1O 00 e RO 07 | 3 TRIANGL? 357
= e SR, e
15 ’ e 2 188 1.06 28 STURG_1 1165
SADDLE 7 s o JLE8 Uifine VALLEYVT 156 STURGEO?
1504 Kb 7L01T oo
P e 2 207 1.00
o " 1.09. 7048 151.0 I510 isg 1163
7116 23 7.3 7L56 GOOSE R L. SMOKY
72 0 117 149.557106 1.06 158
5 T 103 TL88 B CLAR L 146.8 ECT
oo T ol 7122 -106 23 23 g -284 7154 1499
s Y Yssmor 0 03H | -03H 36 . 12 -
1114 BESS1 23 23 109 sw_ 207 BN
s PO, 10- 610,222 Oc2 1o, v o B
w: -0- B ot “80.1 W
1109 3’25 o - - - M 19163 ool
MERCER 7 g sw 3 56 LSMOKR19
1110 4{,255 ( 1.06 44 ‘ )W s
707 7LA% VERCTAZ “ " 00 T 08 o 5w
152 7139 132 JLCA—— 2% | 262 1
& 127 127 7L32 i -a1.7 s
25 e o 612 | -720 o .
Sl 2 7139 h 300 293 279 ! 18163 ks 121
ik 8 ‘ LsyipKR29 s
776 | sw 109
& E [ -
e =0 e 1126 o8 1.08 b RN ! s 28 00 i8¢ 2628
sl 3|e cooomrr = 5 - Tiaa 108, o} " B
¥ & 2 - e s ; _ — "
BIGMTNG_ ¥ g TL45 7L90 175
= o 738 7L44 744 [ EyX’  BROGECT| | s, MUR TAP FOX CRK7
7] sw L= 582 584
H=( 127 3w 120 ™ [ _ -33.6 350
316 £ag.d FEy b 2656 266 o
.qg.a B - - -9 7145 Tonas 528 345 107 7
1: e 20 e i S Caerne s ! b 1.07 s e
w0 256 257 = 7033 1 | 147.3 o B
P By
T 50 TH33 g | ess 839 1gs 7L46 e . .
CRYSTL7 60 5.6 4.1 139 7 ST | =
.08 7146 ! 40 e
146.6 s s
7L03 W e e I B
7160 7L03 411 57.3 58.1 )}ﬁ 108
EZ] 9 20 | 151.0
- oM I
. .
kil 7009+ | 1.06 .—]‘“ Su 1149
¢ KAKWAT
b . 71228 e 71A228 [ & ,
8 waps 56 5 WAP JCT7 1.3 275 | 275 7L80
Slo 3 148.7 T T T TTHORNC44 -8.3 83
IR S 80 W13 363
ELMWORTS 12.0R -12.0 1 71228
- 7 1.08 s 1.07
1ot R SR 42 1138 149 1139 | 1475
19 ELMWORT? BEARCK1  TLA13 BCTAP ALBRIGHT
1.05 21134 o o - !
1449 cuirs |2 3% ELMWOR10 o e ] |
£ e 7180
e On 7.08 o
34 1.00 149.3 365 7L13 108 | 106
ELMWORT6 b 7L13 47.6 118 1489 ) 1469 2|3
[ 3 6 18.0 “ &% 3z
1.05 1148 s 108 |
ol NE Pacs X a7 L | 107 110
1140 5|2 108 B ow i glo 5l . N
5 P& 7 w03 20 ( o % ‘ - : 148.1 SIMONET?
gl 33 ol 2[5 olo e
cl® T 1137 S|z o= P 1.08 ! —
O o o awrap 7T s|s SIS 1a2 ‘ 1147
474 1.04 18142 HR MILNT,,,,
51 s BEARCKS 143 BEARCK2 | 1.02 ey
1o 18.4 = > g ¥ ¥
155

P2716

ATCO Wapiti 823S Load

MON, JUN 16 2025 16:38

A3-8

CATEGORY C, LOSS OF 7L45 (BIG MOUNTAIN 845S - LITTLE SMOKY 8
SCENARIO 3_2028 SUMMER PEAK POST-PROJECT

Bus - Voltage (kV/pu)

Branch - MW/Mvar

Equipment - MW/Mvar
100.0%RATE1

1.2500V 0.900UV

kV: >0.000 <=34.500 <=72.000

<=144.000 <=240.000




7L63 7L63
9 ‘ wow W 7L63 2 . 19083 **
= =1 1090 1 1083 CCARMON 9|
| ‘n 2R KR MEIKLE1 o> wesver carmon7 | 89
2w o - o' e o oot " 56 708 56 o 9
39 gl° | —_— . 7L138 I N P T ar ol | 1 .
ron3h2 B — | 2 » 57 Ny e, eetsie 1§77 ; i 82 2|3 Wons
E -9.1 43 e
103 17118 . A4 “ors 7L12
2|3 POPLARS | Wuner slwla e, L1200 1085 2.0 ok sealir
L0 gl ‘ 82 s g W, B i v HEEI Y
N e 150.3 =
%lus . POPLART 1496 e T o JL04 o BT )
ey | 518 L8 3z 3lz104 361 % WESLY.45:
roreart *h 2 sy “|teucknerLsy, |05 5 f36.1 it 0
. 5] 00 e o6 | -s27 535 Eslygo | 814
55 207 | 1.10 8 1.7 5.9 3 S¥6.0 9L15
33 e 207 S sas0 |0
56 o 47 wWits -66.5 o561 314
260 ! 228 L75 202 BT 263 16
| 2| 1105 w2 100 ] 5‘1’3050 93
16118 2R FRIEDENT souli L 7 |wesLy co
N sw sw -21.0 267.5
POPLAR-4
1(}‘—V;H ! T e e
00 | 108 102 3z 1.08 1516 1. 172 171 1173
109 4{52:"7 ( 140.4 ° AW cr 1497 w0 2688 VALLEYGH vAltevez | g o
24, | 8|5 T
S A T oms 2 -
- - - 16 1104 | Usokvr G- S . 105 O 1.05
e — 10 MpWATTAR TLIO L R N 5 145 145
1120
s o0 09 | sw 1151 -
Th " . . “ Emd 1ss e | Bt
Loweq 7101 01 7122 b 3|3 & [Frrorr S | ry TRIANGLY o o
O 01 3|8 = & ;‘,_.7 172 .
™ K 0.0 517 o | 1.06 | 1155 " 0g 13 STURG_1 STURGEO?
2 S 1457 VALLEVVT 1102
ne b, 1124 1.08 _|Jues . oi? o
1440 w SADDLE 7 149.0 |~ 57148 81 1510 1.09 1180 1163
. " o7 1116 | 2 =3 151.0 L56,5,  GOOSER? L. SMOKY
- » o] 4 . . o8
o @ 1117 147 RT MO s s 57
o0 » 7L88 CLAIR L oo
26 1.04 H 25 176 7154 1506 -
I 2 o1 63022 Qg1 ; 21
104 ssri01 70 0.4H -0.4H 05 sw - 332 i
e 1440 " T eEsst 25 25 o 109, )}7_00 127 o O
o o EremO] e 937 i
455 UPDIKEe 0. o | o 057 T s |

19163
h o - - K LSYQKR19 ,
1100 05 sw B o w s
MERCERT 1110 Ea i “ \ T "
MERC TAP . 318
732

o O
1160 107
18160 Q 26.2
BEZANSONsezansos 2 260 I o
o T 739 ) i 954 W ess
3 329 929 8.5 59.5 67.3 : 125 o E =
78 75 273 27.0 257
ot LSMOKR29 s
33 O 105, 7139 | 722 ogsw g 4 s
T s 222 22 e
TR ! saoTs0. 1
&7 o FLYINGS7 . T 7 1175
L S, e -
85 7L44 893 IR . b 1 e 1.7 IW—MO 9
. S ( J80 & N O R = - on o 200 e I 1.05 7
e 3, E_,_‘> s 19 7145 199 L45 v o5 1443 1
w2 e -87.9 7084 81112 ERCAS CGETAP , ‘ 1443 Pamon G
= - Y i
i 527 7L33 s
7 540 o1 !
war | cadil 054 T3 405 -100.2 100.7 i | 7L46 w | i
V21 12 04 793 85 3 7L40 e
CRYSTL? _ } . .
1.06 sen o8s a7 429 T %8 leror
1468 U T LI H e
7L03 475 -64.2 7L03 65.1 )}732 T T - o o
7L69 73 26 22 [ )
! DOME Cup 1140
I 130 .
o v | o > KAKWAT
s nas P 7 25 | 25 7180
= = !
s i e b WAP JCT7 = CTHORNZM4 E 61 o1
R -] 8 " L13_-65¢
Qwam ¥|% Y|e s 1278 21 ! 71228 Jos
ELMWORTS, 1.09 W Tiss
& O o % 1134 ot 1142 1138 150, it
1.05 ELMWORT7 - BEARCK1 TLA13 BCTAP ALBH |
72105 2113 0 ol - | 7L80
144.8 cowiis S| 3|3 B3 ELMWOR10 | T o
& On Tioa 79 7113 g 1.08 I ole
mas 1.00 E B 149.4 146.8 KIS al.
Elimorts : 13 CE | ) 3.
6 | —
’105 1 1494 war ale xlo e 1.07 wv&% 170
O” ol 7 37 2 ! L B BE 1475 SIMONET?
ik | s R @
5 P&G Sk wl~ o
gl 3|3 2|3 sIs o wle | —
- B nr o R[2 B g ar
AWTAP T 149.3 | HRMILNT,,,,
1.05 19142 02 o
1.08 18142 I vV VYV
s BEARCKS 149 BEARCK2 ! 18.3 o

Bus - Voltage (kV/pu)

CATEGORY A, N-0 Branch - MW/Mvar
P2716 SCENARIO 4_2028 WINTER PEAK POST-PROJECT Equipment - MW/Mvar

TUE, JUN 17 2025 7:43 100.0%RATE2

1.2500V 0.900UV
A3-9 kV: >0.000 <=34.500 <=72.000 <=144.000 <=240.000

ATCO Wapiti 823S Load




0 ‘ e 763 : 7L63 7L63
= = 2z 19083"°
P - 6w ow + 1090 1082 Samion ol
o - (s o s MEIKLE1 WESLY C7 (‘;‘?pfmggv 89
5 g ] oot . 56 7L08 56 9
ol 5 o ‘ N x 7L138 o 23 a7 ler | 1
— | 3z %
041 17118 — 137 e Pl 516 158, 2 s
|0 | ™ B 2 = .
; o S| FoRURe e g P o ofs slzfs o T ross o [ e 12
P 1118 | L — N o PEACERV  1ogth2.1 B A
2 ua g POPURT laor 7 " JL04  DAIsHOW? 150.3
w11 B T 452 | 7ol [ © 1030
POPLAR 1 - 180 sw © 3[¥sucHn c7ILgg 204 334 % WESLYGdony
< | sy 5, . h .
hES s 0.0 e 3 G334 w7 5205 280 '
33<]J L,;H 10 69 -47.0 1o 4;z s v ar 62 Wy o BRINTO2
EEI. 34 Wits ‘ 619 151.7 64.2 09 R Wi 352 SW6.4 9L15 482
o5 . 9.7 L75 189 L TLOB e EEN B Tt %14 [
16118 | 3|2 1105 e ™ - - Ty T8
Ry g S > g T e e
1O ‘—;E"i ——— H o sw 209 267.7
00 00 LI
0.37 sw I 1.08 102 “= o 1.1021.6
2 <| 9L EN 404 — — P B
52 —s( | 1495 3 g doscncr Tios 109 W o 7T o 112 1171 1173
R X - - - - - - - - - = = 1499 o | 269.0 VALLEYG1 VALLEYG2| g 44
_ 1115 1104 1164 1O e °
100 17163
1o RYCROFT7 7L10 MWATTAP 7L10 24 KSITRVT 1 - [ | g LSMoKy7 L§NOKRIT 1.05 1.05
445 -0.0 -0.9 sw 145 145
17120 1151 y
Lowed o T g, nz i ol T o 18 LA10 Gee 10 1153 7L48TAP wla 50
O » 90 20 m g|e £ | 2 TRANGLT 5 2
037 | - : B o E«—oi 1172
51 [ | iar | 12 e ° 1155 1.08 3 STURG_1 1165
039 = 124 | 1.08 JLes * e VALLEYVT 1492 STURGEO?
53.9 PR | q SADDLE 7 | | 149.0 ale I s 7L01
NN | i 57 or e i w | mas 78 Ta10 100 1180 1163
~ o e : v g GOOSE R7
224 E e } 1117 a5 MONETS,s 05 CEL L56 5, L SMoky
o o~ 10d 88 ! N CLAR 149.2 =7 s
entts I8 17122 130 6025} 25 g, 173 7154 e
2 | Y Yssrior 343 "0.4H “0.4H 05 ) 9.6 .
1114 . ss1 25 25 100 sw 333 s
UPDIKEHey ! 10- [ Oryran mrymeL:] 1507 rr) 2 o .
- _ _ _ 108 _ _ . | 861 mi“‘"m %
1109 05 o . - -1 115 lglg%ws & 83
MERCER 7 w -
e 44 sw A o
A, 20 J 36 | >}T.u—,—§"‘ Pz
707 TLA39 - 1160 e N B s o O=
7139 132 BEZANSONezio |3 2(2 2(3 1 | 262 o
14 328 330 -46.0 46.6 I 544 L2 ! 677 "
o o~ -53.3 53.2 T 107 Poved 87.8
oz S 1.04 6.1 -6.6 54 18163 &
gk o 1430 7139 ‘ e B B
410 6.0 000212 22 ;51712
o M9 s w0 1126 1.04 1.05 s 78k
5|2 cooorarr i B 128 s P 105, i =
il . » L e
o = sw e g 539
e 1( 477§ 504 P e 128 138 I—.Zm = .
LR Y 20 0N 2 B 371 -39.6 1.05 7
w2 4 = E—H T es i 144.3 SN
B G 22 e 27 W CGETAP 1.05 s [
o 742 -73.5 “o 7L33 144.3 PEARSON 20885 Lv.
P
T 082 T8 o558 | 052 958 "
CRYST L7 -63.9 654 -55.1 56.6 | v::m 259
757 st 7L40 s fra
1187 o P 3
w o e
™ 7L03 950 1112 7L03 123.8 )}7529 = EEL oo
147.7 -153.4 180.2 I - 151.0
\,,,,,,f‘> )
I % 19144
W .y T > 1
i = Feen B s Kkt
1150 on s 7L228 7LA228 I a3l ar 246 | -246 7L80
8 o~ wapiis 74 7 WAP JCT7
oY oy =~ — CTHORNZ1a4—— 25 25
wa R K|T B 713654
ELMWORTS : 13.9H -32.1 171228
o 7 1.05 12, 1.03
061 o % 1134 V% 42 1138 144 1139 1.08 141.7
0 ELMWORT? BEARCK1  TLA13 BCTAP ALBRIGHT 1424
%063 21134 s o - !
866 i 2 5 ELMWOR10 T |
703 | o 1088 7L80
142.7 779 7113 oifs 1.03 ! 1.02
7L13 13.2 37.6 141.8 | 140.1 ooy
03 N gl iz
1.03 I ~
1
37 1426
37 2 | warale z[s e 1.05 ‘.,‘,4 1170
x © e N A 145.0 SIMONET7
2e =s o[% | Cd om0 1o
] - N [« 2|5 ole swoltRs B
Sle o 17 N|e MM PIP ! ]
105 10142 AWTAP e A b 1424 | 1147
14 HR MILN7,
1.04 18142 o~
e BEARCKS 144 BEARCK2 | ‘17792 R

P2716
ATCO Wapiti 823S Load

SCENARIO 4_2028 WINTER PEAK POST-PROJECT
TUE, JUN 17 2025 7:43TUE, JUN 17 2025 7:43

A3-10

CATEGORY B, LOSS OF 7L22 (Poplar Hill 790S - Clairmont Lake 811S)

Bus - Voltage (kV/pu)

Branch - MW/Mvar

Equipment - MW/Mvar
100.0%RATE2

1.2500V 0.900UV

kV: >0.000 <=34.500 <=72.000

<=144.000 <=240.000




Attachment A4
Pre- and Post- Project Voltage Stability Diagrams
(Scenario 2, 4)

ATCO Electric A4-1 RO



P2716_Voltage Stability Studies
Scenario 2: 2028 WP Pre-Project

Voltage stability analysis was performed for scenario 2 by increasing load in Grande Prairie (Area 20)
and Grande Cache (Area 22), and increasing the generation in Wabamun (Area 40) and Fort
McMurray (Area 25). The reference load level for the study area for scenario 4 is 524.5 MW. To meet
the voltage stability criteria for Category B contingencies, the required minimum incremental load

transfer is 5% of the reference load, or 25.2 MW (0.05 x 503.2 MW = 25.2 MW) for the scenario 4.

Table 1 provides voltage stability study results under Category A condition and for the six (6) worst
contingencies under Category B conditions. The voltage stability diagrams are provided in Figure 1a.
Based on the study results, the voltage stability margin was met for all studied conditions except for

the contingency of 7L22 (Clairmont Lake 811S — Poplar Hill 790S).
The following Buses were selected for the study:

Big Mountain 845S 138 kV Bus (bus 1143)
H.R. Milner 740S 138 kV bus (bus 1147)
Thornton 2091S 138 kV bus (bus 1103)
Simonette 733S 138 kV bus (bus 1170)

Dome Cut Bank 810S 138 kV bus (bus 1144)

Table 1: Summary of Results under Category B Conditions for Scenario 2

Contingency Maximum Incremental Transfer Meets
(System Element From To o
(MW) Criteria?
Lost)

N-0 Base case (System Normal) 165 Yes
7L22 Poplar Hill 790S Clairmont Lake 811S 0 No
7L03 Flyingshot Lake 749S Elmworth 731S 70 Yes
7L75 Friednestal 800S West Peace River 793S 90 Yes
7L73 Friednestal 800S Rycroft 730S 110 Yes

Bear %ﬂ‘ 679S Bear Creek 679S 701T 115 Yes
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Figure 1:

Scenario 2: 2028 WP_NE_LG_PRE-PROJECT
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P2716_Voltage Stability Studies
Scenario 4: 2028 WP Post-Project

Voltage stability analysis was performed for scenario 4 by increasing load in Grande Prairie (Area 20)
and Grande Cache (Area 22), and increasing the generation in Wabamun (Area 40) and Fort
McMurray (Area 25). The reference load level for the study area for scenario 4 is 524.5 MW. To meet
the voltage stability criteria for Category B contingencies, the required minimum incremental load

transfer is 5% of the reference load, or 26.2 MW (0.05 x 524.5 MW = 26.2 MW) for the scenario 4.

Table 1 provides voltage stability study results under Category A condition and for the six (6) worst
contingencies under Category B conditions. The voltage stability diagrams are provided in Figure 1.
Based on the study results, the voltage stability margin was met for all studied conditions except for

the contingency of 7L22 (Clairmont Lake 811S — Poplar Hill 790S).
The following Buses were selected for the study:

Big Mountain 845S 138 kV Bus (bus 1143)
H.R. Milner 740S 138 kV bus (bus 1147)
Thornton 2091S 138 kV bus (bus 1103)
Simonette 733S 138 kV bus (bus 1170)
Pakenham 2103S 138 kV bus (bus 542006)
Dome Cut Bank 810S 138 kV bus (bus 1144)

Table 1: Summary of Results under Category B Conditions for Scenario 4

Contingency Maximum Incremental Transfer Meets
(System Element From To o
(MW) Criteria?
Lost)

N-0 Base case (System Normal) 155 Yes
7L22 Poplar Hill 790S Clairmont Lake 811S 0 No
7L03 Flyingshot Lake 749S Elmworth 731S 60 Yes
7L75 Friednestal 800S West Peace River 793S 80 Yes
7L73 Friednestal 800S Rycroft 730S 100 Yes

Bear %ﬂ‘ 679S Bear Creek 679S 701T 105 Yes
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Figure 1:

Scenario 4: 2028 WP_NE_LG_POST-PROJECT
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Attachment A5

Pre-Project and Post-Project Transient Stability
Diagrams

(Scenario 1, 3)

ATCO Electric A5-1
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Transient Stability Diagrams for 2028 SP Base case Scenario

Transient stability analysis was performed using the 2028 SP Post-Project (scenario 3) for the
Category B contingencies identified in Table A5-1.

Table A5-1: List of Contingencies Studied for Transient Stability —Scenario 3 2028 SP Post-Project

Fault Description

Sl (fault location) e
Category B (N-1) | 7L20 (H.R. Milner 740S — Thomton 2091S) e fault at .8 Miner AS-4
Category B (N-1) | 7L20 (H.R. Milner 740S — Thornton 2091S) e fault at H.R- Miner AS-5
Category B (N-1) | 7L20 (H.R. Milner 740S — Thornton 2091S) S-phase fault at Thornton AS-6
Category B (N-1) | 7L20 (H.R. Milner 740S — Thornton 2091S) Sphase falt at Thornton AS-T
Category B (N-1) | 7| 80 (H.R. Milner 740S — Simonette 733S) 3 phase faultat HR. Miner | AS-8
Category B (N-1) | 71 80 (H.R. Milner 740S — Simonette 733S) Iphase faultat HR. Miner | AS-9
Category B (N-1) | 7) 80 (H.R. Milner 740S — Simonette 733S) S Prasa fault af Simonefte A5-10
Category B (N-1) | 7| 80 (H.R. Milner 740S — Simonette 733S) Traee fault af Simonafts AS-11
Category B (N-1) | 7] 40 (Little Smoky 813S — Simonette 733S) g}flgiies‘;a;g atLittle A5-12
Category B (N-1) | 7) 40 (Little Smoky 813S — Simonette 733S) ;}223398‘;33“;} atLitle A5-13
Category B (N-1) | 7L40 (Little Smoky 813S — Simonette 733S) S-phase fault at Simonette AS-14
Category B (N-1) | 7L40 (Little Smoky 813S — Simonette 733S) Tee fault af Simonafts A5-15
Category B (N-1) | 7| 208 (Big Mountain 845S — Thornton 2091S) >-Phase fault at Thornfon AS5-16
Category B (N-1) | 7| 208 (Big Mountain 845S — Thornton 2091S) Sohase fault at Thornton AS-17
Category B (N-1) | 7| 508 (Big Mountain 845S — Thornton 2091S) > phase faul 2t Big A5-18
Category B (N-1) 1-phase fault at Big A5-19

7L228 (Big Mountain 845S — Thornton 2091S)

Mountain 845S

Table 5-2 lists the transient stability analysis performed using the 2028 SP Pre-Project (scenario
1) for the unstable Category B contingencies identified in 2028 SP Post-Project (Scenario 3)
transient stability analysis.

Table A5-2: List of Contingencies Studied for Transient Stability —Scenario 1 2028 SP Pre-Project

System Condition Contingency

Fault Description
(fault location)

" Category B (N-1) | 7L20 (H.R. Milner 7408 — Thornton 2091S) S phase fault at LR Miner | - AS-20
Category B (N-1) | 7L20 (H.R. Milner 740S — Thornton 2091S) >-Phase fault at Thornion AS-21
Category B (N-1) | 7L20 (H.R. Milner 740S — Thornton 20918) 1 phase fault at F.R. Milner AS-22
1-ph fault at Thornt -
Category B (N-1) | 7L20 (H.R. Milner 740S — Thornton 2091S) aoie e Thormien AS-23
ATCO Electric A5-2 RO



System Condition Contingency F?fgtl?:zs:;t'ir:::;n

- Category B (N-1) | 7 228 (Big Mountain 845 — Thornton 2091S) >-phase faul 2t Big Ab-24
Category B (N-1) | 7| 258 (Big Mountain 845S — Thornton 2091S) 5 Phase fault at Thormton AS5-25
Category B (N-1) | 71 228 (Big Mountain 845S — Thornton 2091S) 1-phase faull 2t Big A5-26
Category B (N-1) | 7| 558 (Big Mountain 845S — Thornton 2091S) Sehase fault at Thornion A5-27

Table 5-3 lists the transient stability analysis performed using the 2028 SP Post-Project
(scenario 3) for the breaker open condition on 7L20, 7L80 and 7L228 lines.

Table A5-3: List of Contingencies Studied for Transient Stability under Breaker Open condition —
Scenario 3 2028 SP Post-Project

System Line . . Page
Condition Element Substation terminals Fault End

Breaker 7L20 H.R. Milner 740S Thornton 2091S Both H.R. Milner 740S and A5-28
Open T Thornton 2091S ends

Breaker 7L80 . Simonette 733S Both H.R. Milner 740S and A5-29
Open H.R. Milner 740S Simonette 733S ends

Bée;:r?r 7228 Big Mountain 845S Thornton 2091S Big Mountain 845S end AS-30

Table 5-4 lists the transient stability analysis performed using the 2028 SP Pre-Project (scenario
1) for the unstable breaker open condition identified on 7L20 line in the 2028 SP Post-Project
(scenario 3).

Table A5-4: List of Contingencies Studied for Transient Stability under Breaker Open condition —
Scenario 1 2028 SP Pre-Project

System Line : :
Condition Element Substation terminals Fault End
Breaker 7L.20 . Thornton 20918 Both H.R. Milner 740S and A5-31
Open H.R. Milner 740S Thornton 2091S ends
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Active Power Flow (MW)

Figure 1: 2028 SP_Post-Project Cat B 7L20 - 3 Phase Fault at HRMilner 740S
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Figure 1A: 2028 SP_Post-Project Cat B

7L20 - 1 Phase Fault at HRMilner 740S
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Generator MW output (pu)

Active Power Flow (MW)

Figure 2: 2028 SP_Post-Project Cat B 7L20 - 3 Phase Fault at Thornton 2091S
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Figure 2A: 2028 SP_Post-Project Cat B 7L20 - 1 Phase Fault at Thornton 2091S
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Figure 3: 2028 SP_Post-Project Cat B 7L80 - 3 Phase Fault at HRMilner 740S
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Figure 3A: 2028 SP_Post-Project Cat B 7L80 - 1 Phase Fault at HRMilner 740S

—— LITTLE SMOKY 813S 240 KV
~— LITTLE SMOKY 813S 144 KV
1.0 —— SIMONETTE 733S 144 KV
—— H.R.MILNER 740S 144 KV
— ~—— BIG MOUNTAIN 8455 144 KV
g. 0.8 —— FLYINGSHOT LAKE 749S 144 KV
~ ~—— THORNTON 2091S 144 KV
gy ~—— KAKWA RIDGE 8575 144 KV
S os
S
»
a 04
g
X ~N
0.2
0.0
0 5 10 15 20 25 30
Time(s)
— cG&E
~—— DAISHOWA
—— P2843 G2
_ 20 — HRM G2
g- _ —— BEAR CREEK 1
~ —— ELMWORTH G1
5
215
3
z Y —
H —
=
% 1.0
b
H "
Y05
0.0
0 5 10 15 20 25 30
Time(s)
,\ —— 9L11 (8345 - 8135)
300 ~—— 9L40 (813S - 7325)
W\l —— 9L05 (8135 - 8095)
—— 9L02 (813S - 809S)

200 = —— 7L40 (8135 - 7L40 TAP)
—— 7L40 (7335 - 7L40 TAP)
~—— 7L80 (733S - 857S TAP)

100 —— 7L80 (7405 - 8575 TAP)
~—— 7L20 (740S - 810S TAP)
—— 7120 (2091S - 810S TAP)

04 3 —— 71228 (8455 - P2716 TAP)

—— 71228 (20915 - P2716 TAP)
—— 7L45(845S - 798S TAP)

-100 —— 7L45(SMRV TAP - 798S TAP)
—— 7LA45(SMRV TAP - 8135)

—200 A —— 7L46(845S - SMRV TAP)
~—— 7L46(813S - SMRV TAP)

-300 \/\/\/

0 5 10 15 20 25 30
Time(s)

Reactive Power Flow (MVar)

Relative Rotor Angle (degree)
)

60

IS
S

3

N
5

L

?

1
E:

!
N
o

!
IS
S

%

o
«
"
o

15 20 25
Time(s)

30

2.5

N
o

=
n

=
E}

Generator MVAR output (pu)
o
[
|

14
o

15 20 25
Time(s)

30

Y

=50

-100

-150

Page 9 of 28

15 20 25
Time(s)

30

CG&E
DAISHOWA
P2843 G2
HRM G2

BEAR CREEK 1
ELMWORTH G1

CG&E
DAISHOWA
P2843 G2
HRM G2

BEAR CREEK 1
ELMWORTH G1

9L11 (8345 - 8135)

9L40 (8135 - 7325)

9L05 (8135 - 8095)

9102 (8135 - 8095)

7140 (8135 - 7L40 TAP)
7L40 (7335 - 7L40 TAP)
7L80 (7335 - 8575 TAP)
7180 (7405 - 857S TAP)
7120 (7405 - 8105 TAP)
7120 (20915 - 810S TAP)
71228 (8455 - P2716 TAP)
71228 (20915 - P2716 TAP)
7L45(8455 - 7985 TAP)
7LA5(SMRV TAP - 7985 TAP)
7L45(SMRV TAP - 8135)
7L46(8455 - SMRV TAP)
7L46(8135 - SMRV TAP)



Active Power Flow (MW)

1.0

Figure 4: 2028 SP_Post-Project Cat B 7L80 - 3 Phase Fault at Simonette 733S
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Figure 4A: 2028 SP_Post-Project Cat B 7L80 - 1 Phase Fault at Simonette 733S
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Figure 5: 2028 SP_Post-Project Cat B 7L40 - 3 Phase Fault at Simonette 733S
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Figure 5A: 2028 SP_Post-Project Cat B 7L40 - 1 Phase Fault at Simonette 733S
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Figure 6: 2028 SP_Post-Project Cat B 7L40 - 3 Phase Fault at Little Smoky 813S
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Figure 6A: 2028 SP_Post-Project Cat B 7L40 - 1 Phase Fault at Little Smoky 813S

1.1+

1.0

0.9

0.8

0.7

Key Bus Voltages (pu)

0.6

0.5

1’0 1’5
Time(s)

25

30

15

1.0

Generator MW output (pu)

0.5

0.0

10 15
Time(s)

25

30

300

200

100

-100

—200 A

10 15
Time(s)

25

30

LITTLE SMOKY 8135 240 KV
LITTLE SMOKY 8135 144 KV

SIMONETTE 7335 144 KV 20

v

H.R.MILNER 740S 144 KV
BIG MOUNTAIN 8455 144 KV
FLYINGSHOT LAKE 7495 144 KV

THORNTON 20915 144 KV
KAKWA RIDGE 8575 144 KV

)
A

A\

=/

Relative Rotor Angle (degree)
o

—60 T T T T T T T
0 5 10 15 20 25 30
Time(s)
cGsE 1.50
DAISHOWA
2843 G2 125
HRM G2 3
BEAR CREEK 1 2 A
ELMWORTH G1 g 1.00
o
£
3
% 075
H
3>
= 050
=
o
2
: |
§ 025
3
K3 ] ?%QW
0.00 T
-0.25
0 5 10 15 20 25 30
Time(s)
9L11 (8345 - 8135)
9L40 (8135 - 7325)
9L05 (8135 - 809S) 150
9L02 (8135 - 8095) = N\ N
7L40 (8135 - 7L40 TAP) S 100 \V4
7L40 (7335 - 7L40 TAP) s
7L80 (7335 - 8575 TAP) z 3
7L80 (7405 - 8575 TAP) $ so =]
7L20 (7405 - 8105 TAP) i =]
7120 (20915 - 810S TAP) H
71228 (8455 - P2716 TAP) H 0
71228 (20915 - P2716 TAP) [ =
7L45(8455 - 7985 TAP) $ 50
7L45(SMRV TAP - 7985 TAP) k4
7L45(SMRV TAP - 8135) ]
7L46(8455 - SMRV TAP) & -100
7L46(8135 - SMRV TAP)
-150
0 5 10 15 20 25 30

Page 15 of 28

Time(s)

CG&E
DAISHOWA
P2843 G2
HRM G2

BEAR CREEK 1
ELMWORTH G1

CG&E
DAISHOWA
P2843 G2
HRM G2

BEAR CREEK 1
ELMWORTH G1

9L11 (8345 - 8135)

9L40 (8135 - 7325)

9L05 (8135 - 8095)

9102 (8135 - 8095)

7140 (8135 - 7L40 TAP)
7L40 (7335 - 7L40 TAP)
7L80 (7335 - 8575 TAP)
7180 (7405 - 857S TAP)
7120 (7405 - 8105 TAP)
7120 (20915 - 810S TAP)
71228 (8455 - P2716 TAP)
71228 (20915 - P2716 TAP)
7L45(8455 - 7985 TAP)
7LA5(SMRV TAP - 7985 TAP)
7L45(SMRV TAP - 8135)
7L46(8455 - SMRV TAP)
7L46(8135 - SMRV TAP)



Figure 7: 2028 SP Post-Project_Cat_B_7L228 - 3 Phase Fault at Thornton 2091S
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Figure 7A: 2028 SP Post-Project_Cat_B_7L228 - 1 Phase Fault at Thornton 2091S
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Figure 8: 2028 SP Post-Project_Cat_B_7L228 - 3 Phase Fault at Big Mountain 845S
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Figure 8A: 2028 SP Post-Project_Cat_B_7L228 - 1 Phase Fault at Big Mountain 845S
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Figure 9: 2028 SP_Pre-Project Cat B 7L20 - 3
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Active Power Flow (MW)

Figure 9A: 2
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Active Power Flow (MW)

Figure 10: 2028 SP_Pre-Project Cat B 7L20 - 3 Phase Fault at Thornton 2091S
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Figure 10A: 2
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Figure 12: 2028 SP Pre-Project_Cat_B_7L228 - 3 Phase Fault at Big Mountain 845S
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Figure 12A: 202
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Attachment A6
Alternative 1 Post- Mitigation Power Flow Diagrams
(Scenarios 3, 4)

ATCO Electric AB-1 RO



Post-Project Power Flow Results

Power Flow Diagrams

Alternative 1 Post-Mitigation Power flow diagrams for Scenario 3 2028 SP, and Scenario 4
2028 WP under Category A condition and Category B contingencies are provided in this
attachment as identified in the following tables.

Table A6-1: List of Alt

ernative 1 Post-Mitigation Scenario 3 2028 SP Power Flow Diagrams

Scenario Load flow diagram HEOL
number
CATEGORY B, Loss of 7L03 (EImworth 731S - Flyingshot Lake

AB-3
7498S)

2028 SP Scenario3 CATEGORY B, Loss of 7L22 (Poplar Hill 790S - Clairmont Lake A6-4
811S)

CATEGORY B, Loss of 7L69 (Goodfare 815S - EImworth 731S) AB-5

Table A6-2: List of Alternative 1 Post-Mitigation Scenario 4 2028 WP Power Flow Diagrams

. . Page
Scenario Load flow diagram number
2028 WP Scenario CATEGORY B, Loss of 7L22 (Poplar Hill 790S - Clairmont Lake AG-6

4 811S)

ATCO Electric

AB-2

RO



Scenario 3
2028 SP Post-Project (Alternative 1)

ATCO Electric

RO
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P2716_Voltage Stability Studies (with PH Generator ON)
Scenario 2: 2028 WP Pre-Project

Voltage stability analysis was performed for scenario 2 by increasing load in Grande Prairie (Area 20)
and Grande Cache (Area 22), and increasing the generation in Wabamun (Area 40) and Fort
McMurray (Area 25). The reference load level for the study area for scenario 4 is 524.5 MW. To meet
the voltage stability criteria for Category B contingencies, the required minimum incremental load
transfer is 5% of the reference load, or 25.2 MW (0.05 x 503.2 MW = 25.2 MW) for the scenario 4.

Table 1 provides voltage stability study results under Category A condition and for the six (6) worst
contingencies under Category B conditions. The voltage stability diagrams are provided in Figure 1a.
Based on the study results, the voltage stability margin was met for all studied conditions except for
the contingency of 7L22 (Clairmont Lake 811S — Poplar Hill 790S).

The following Buses were selected for the study:

Big Mountain 845S 138 kV Bus (bus 1143)
H.R. Milner 740S 138 kV bus (bus 1147)
Thornton 2091S 138 kV bus (bus 1103)
Simonette 733S 138 kV bus (bus 1170)
Dome Cut Bank 810S 138 kV bus (bus 1144)

Table 1: Summary of Results under Category B Conditions for Scenario 2

Contingency Maximum Incremental Transfer Meets
(System Element From To o
(MW) Criteria?
Lost)

N-0 Base case (System Normal) 200 Yes
7L22 Poplar Hill 790S Clairmont Lake 811S 65 Yes
7L03 Flyingshot Lake 749S Elmworth 731S 120 Yes
7L75 Friednestal 800S West Peace River 793S 120 Yes
7L73 Friednestal 800S Rycroft 730S 140 Yes

Bear %ﬂ‘ 679S Bear Creek 679S 701T 155 Yes
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Figure 1:

Scenario 2: 2028 WP_NE_LG_PRE-PROJECT
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P2716_Voltage Stability Studies (with PH Generator ON)
Scenario 4: 2028 WP Post-Project

Voltage stability analysis was performed for scenario 4 by increasing load in Grande Prairie (Area 20)
and Grande Cache (Area 22), and increasing the generation in Wabamun (Area 40) and Fort
McMurray (Area 25). The reference load level for the study area for scenario 4 is 524.5 MW. To meet
the voltage stability criteria for Category B contingencies, the required minimum incremental load

transfer is 5% of the reference load, or 26.2 MW (0.05 x 524.5 MW = 26.2 MW) for the scenario 4.

Table 1 provides voltage stability study results under Category A condition and for the six (6) worst
contingencies under Category B conditions. The voltage stability diagrams are provided in Figure 1.
Based on the study results, the voltage stability margin was met for all studied conditions except for

the contingency of 7L22 (Clairmont Lake 811S — Poplar Hill 790S).

The following Buses were selected for the study:

Big Mountain 845S 138 kV Bus (bus 1143)
H.R. Milner 740S 138 kV bus (bus 1147)
Thornton 2091S 138 kV bus (bus 1103)
Simonette 733S 138 kV bus (bus 1170)
Pakenham 2103S 138 kV bus (bus 542006)
Dome Cut Bank 810S 138 kV bus (bus 1144)

Table 1: Summary of Results under Category B Conditions for Scenario 4

Contingency

(Systelin Element From To Maximum Inc(rﬁ;nvt)ental Transfer Cﬂ&i::?
ost)

N-0 Base case (System Normal) 180 Yes
7L22 Poplar Hill 790S Clairmont Lake 811S 60 Yes
7L75 Friednestal 800S West Peace River 793S 105 Yes
7L03 Flyingshot Lake 749S Elmworth 731S 110 Yes
7L73 Friednestal 800S Rycroft 730S 125 Yes

Bear %ﬂ‘ 6795 Bear Creek 679S 701T 130 Yes
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Figure 1:

Scenario 4: 2028 WP_NE_LG_POST-PROJECT
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Transient Stability Diagrams for 2028 SP Base case (Scenario 3)

Post mitigation transient stability analysis was performed using RAS 171 (tripping both
generators at H.R. Milner 740S with 10 cycles delay from the fault inception) for the 2028 SP
Post-Project (scenario 3) for the Category B contingencies identified in Table A8-1.

Table A8-1: List of Contingencies Studied for Transient Stability —Scenario 3 2028 SP Post-Project

System Condition

Category B (N-1)

Contingency

7L20 (H.R. Milner 740S — Thornton 2091S)

Fault Description
(fault location)

3-phase fault at H.R. Milner
740S

Page #
A8-3

Category B (N-1)

7L20 (H.R. Milner 740S — Thornton 2091S)

1-phase fault at H.R. Milner
7408

A8-4

Category B (N-1)

7L20 (H.R. Milner 740S — Thornton 2091S)

3-phase fault at Thornton
20918

A8-5

Category B (N-1)

7L20 (H.R. Milner 740S — Thornton 2091S)

1-phase fault at Thornton
20918

A8-6

Category B (N-1)

7L228 (Big Mountain 845S — Thornton 2091S)

3-phase fault at Thornton
2091S

A8-7

Category B (N-1)

7L228 (Big Mountain 845S — Thornton 2091S)

1-phase fault at Thornton
2091S

A8-8

Category B (N-1)

7L228 (Big Mountain 845S — Thornton 2091S)

3-phase fault at Big
Mountain 845S

A8-9

Category B (N-1)

7L228 (Big Mountain 845S — Thornton 2091S)

1-phase fault at Big
Mountain 845S

A8-10

ATCO Electric

A8-2
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Active Power Flow (MW)

Figure 1: 2028 SP Post-Project_Cat_B_7L20 - 3 Phase Fault at H.R.Milner 740S_with RAS (10cyc)
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Active Power Flow (MW)

Figure 1A: 2028 SP Post-Project_Cat_B_7L20 - 1 Phase Fault at H.R.Milner 740S_with RAS (10cyc)
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Active Power Flow (MW)

Figure 2: 2028 SP Post-Project_Cat_B_7L20 - 3 Phase Fault at Thornton 2091S_with RAS (10cyc)
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Figure 4A: 2028 SP Post-Project_Cat_B_7L228 - 1 Phase Fa
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Constraints Summary Table — Loading and Voltage Performance (Scenarios 3, 4)
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Table 9-1: Loading and Voltage Performancs (Scenario 3.4
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