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Executive Summary

The Alberta Electric System Operator (AESO) 2015 Long-term Transmission Plan (2015 LTP) identifies
reliability standards violations, such as voltage and thermal criteria violations, in the Peace River and
Grande Prairie Planning Area (Area 19 and 20) due to load growth. As further described in this report, the
AESO has since conducted need assessment studies for the local 144 kV and 72 kV transmission
networks in the Rycroft area (Study Area) and determined the need for transmission system
reinforcement. Planning study results demonstrate that the existing transmission network in the Study
Area does not have sufficient capacity to reliably supply the near-term forecast load growth and is prone
to voltage violations under single contingency conditions. This is primarily due to the length of the 144 kV
transmission lines radially feeding the load in the area following contingency conditions. Based on the
study results, timing of the need will depend on the pace of load growth in the Study Area from the
existing 68 MW to the current system capability limit of 75 MW, which is the point at which voltage
performance will be impacted.

Three options were considered to meet the identified need:

e Option 1: Dynamic reactive power support of approximately 50 MVAr at the existing Rycroft
730S substation

e Option 2: A new 144 kV transmission circuit between Rycroft 730S and Clairmont Lake 811S
plus additional VAr support in the form of switched capacitor banks as required

e Option 3: A new 144 kV transmission circuit between Saddle Hills 865S and Mowat 2033S
plus additional VAr support in the form of switched capacitor banks as required

Without any wire reinforcement in the Study Area, dynamic reactive power support is required to meet the
transmission reliability requirements under contingency conditions. The locations of the reactive power
support devices are normally close to the load center, and the placement of the dynamic VAr support
needs to address the voltage violations under the two worst contingencies in the Study Area: 7L75 and
7L68. Adding a large amount of reactive power device at a single substation with a radial feed such as
Ksituan River 754S is not recommended due to incurred losses and constraints on availability of the
reactive power support under certain system operating conditions. Therefore, Rycroft 730S is
recommended for the addition of the 50 MVAr dynamic reactive power device as per Option 1.

Option 2 and Option 3 are wire solutions proposed to meet the forecasted area peak load for the next
20 years. Both options would also require reactive power support (capacitor banks) in addition to new
circuits in the Study Area.

Voltage stability analysis was completed using the winter peak scenarios to determine the VAr support
required for each option as they represent a higher loading level compared to summer peak scenarios.
Load flow analysis was performed for the 2026 and 2036 summer peak (SP) and winter peak (WP)
scenarios for the Study Area. Contingency analysis was conducted for all transmission elements in the
Study Area and critical elements in the adjacent areas, and transmission facilities within the Study Area
were monitored. Transient stability analysis was performed for the preferred option to ensure that the
transmission system in the Rycroft area will have acceptable voltage recovery performance. Winter peak
load scenarios were used for transient voltage recovery studies. Options 1, 2 and 3 listed above can
meet the transmission Reliability Criteria.

Option 1 is the preferred transmission development option for the following reasons:
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e It has a lower estimated capital cost.

e It has a lower environmental and land use impact because it does not involve any new line
construction.

e It has better voltage performance and requires less voltage support from the rest of the
system.

e It has better thermal performance than Option 3, and similar thermal performance to Option
2.

The preferred transmission development option includes the following system component:
e a 144 kV 50 MVAr Dynamic reactive power support at the Rycroft 730S substation.

Based on the study results, the AESO recommends increasing the load serving capability of the Rycroft
area by adding a 50 MVAr dynamic reactive power device at the existing Rycroft 730S substation to
alleviate the identified voltage criteria violations. This transmission development is the minimum
development required to address the identified need in the 10-year planning horizon which enables about
35% of the forecast load growth in the area. It also offers the flexibility and expandability needed to meet
the AESO’s 20-year load forecast by adding additional voltage support equipment of a 4.8 MVAr
capacitor bank at Ksituan River 754S when the need arises.

The studies also demonstrate that the identified constraints arise as early as winter 2017 under N-1
conditions based on the latest load and generation forecast. However, the forecast load growth in the
Study Area is driven by a number of connection projects and demand transmission service increases.
While the AESO is reasonably certain that the preferred development option is needed in the future, the
timing of the in-service date for the development will rely on new load and pace of the existing load
growth, as well as new load project ISDs, which are beyond the AESO’s control. Therefore, the AESO
has determined it is most appropriate to specify a milestone.

A load growth milestone is proposed for the Preferred Development Option when the coincident winter
aggregate peak load for Rycroft area of 75 MW is reached, as measured at Rycroft 730S, Eureka River
8618S, Ksituan River 754S, Boucher Creek 829S, Hines Creek 724S, Friedenstal 800S, and Mowat 2033S
substations.

Finally, the AESO will use operational measures, as necessary, including connection remedial action
schemes, should constraints arise in the area prior to the implementation of the Preferred Development
Option.
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1 Introduction

The Alberta Electric System Operator (AESO) 2015 Long-term Transmission Plan (2015 LTP) identifies
reliability standards violations, such as voltage and thermal criteria violations, in the Peace River and
Grande Prairie Planning Area (Area 19 and 20) due to forecasted load growth. As further described in this
report, the AESO has since conducted need assessment studies for the local 144 kV and 72 kV
transmission networks in the Rycroft area (Study Area). Due to the nature of local constraints, the need
for transmission system reinforcement in the Study Area will not be materially impacted by changes and
developments in the broader Peace River and Grande Prairie areas. The AESO has used the most up-to-
date forecast, based on the AESO 2017 Long-term Outlook (2017 LTO) and additional system access
project specific information and system topology assumptions in these studies and confirmed that
reliability criteria violations are expected to arise in the near-term under certain system conditions.

The area of focus in the planning studies described herein is limited to the local 144 kV and 72 kV
networks between Peace River (Area 19) and Grande Prairie (Area 20), and is referred to as the Study
Area. The Study Area is connected to the Northwest transmission network of the Alberta Interconnected
Electric System (AIES) through two existing 144 kV transmission lines. To the south, the Study Area
connects to Clairmont Lake 811S substation through 7L68, and to the north it connects to West Peace
River 793S substation through 7L75 (Figure 1-1). These two lines supply the Study Area load. Under a
contingency that takes either one of these transmission lines out of service, the local area load will be
radially supplied entirely by the remaining line. The Study Area could experience low voltage criteria
violations and eventually voltage collapse under certain contingency conditions and as load continues to
grow in the area. There is no existing generation in the Study Area and the generation outside of the
Study Area has no material impact.

The broader Peace River and Grande Prairie Planning Areas are presented in Figure 1-2.
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Figure 1-1. Transmission System in the Study Area
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Figure 1-2. Transmission System in the Peace River and Grande Prairie Planning Areas
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1.1 Study Objectives

Study objectives are summarized below:
e Assess the need for, and timing of, transmission reinforcement in the Study Area.

o Develop options to address the need for transmission system reinforcement and compare
technical performance of these options over the 20-year planning horizon.

e Select the preferred transmission development option based on technical merits.

1.2 Study Scope

The following steps were followed and planning studies were conducted using the latest load and
generation forecast available to the AESO.

e Need Assessment — Power flow studies were completed for Category A (all transmission
elements in service) and Category B (a single transmission element out of service) system
conditions in the near term. The system performance was compared against the
requirements of the Transmission Planning (TPL) standards to identify any thermal and/or
voltage criteria violations under various stressed system conditions.

e Development of transmission reinforcement options — Several different 144 kV transmission
reinforcement options were developed to address the criteria violations identified during the
Need Assessment studies.

e Technical assessment of the transmission reinforcement options — The performance of each
transmission reinforcement option was assessed through power flow, voltage and transient
stability studies under Category A and Category B system conditions over the 20-year
planning horizon.

e Short-circuit analyses — Short-circuit current levels were calculated for the transmission
network before and after implementation of the preferred transmission reinforcement option in
the near term.
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2 Reliability Standards, Criteria, Study Assumptions, and
System Model

This section discusses the applicable Reliability Standards, criteria, study assumptions, and system
model applied in the Rycroft area planning studies. The information used to create the study cases, such
as load and generation assumptions and system configuration, reflects the most current information
available to the AESO. While the AESO makes assumptions based on the latest available information, it
is acknowledged that assumptions are subject to change over time. The AESO addresses the possible
impact of changes in assumptions by monitoring active system projects and performing regular system
planning studies as part of the long-term plans.

2.1 Transmission Reliability Standards and Criteria

Alberta Reliability Standards® and Criteria

When developing long-term plans, the AESO applies the Transmission Planning (TPL) standards, which
are part of the Alberta Reliability Standards, to ensure the transmission system is planned to meet the
applicable performance requirements under a defined set of system conditions and contingencies. A brief
description of each of the standards relevant to this study is given below. Considering the size and scope
of this project, some of the Alberta Reliability Standards may not require assessment.

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 ranges, 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.

TPL-002-AB-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, 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. No cascading outages can occur.

The TPL Standards have referenced thermal and voltage limits within the applicable rating when
specifying the required system performance. For the purpose of applying the TPL Standards to the
planning studies documented in this report, applicable ratings are defined as follows, in accordance with
the AESO'’s Transmission Planning Criteria — Basis and Assumptions:

e Applicable thermal limits are 100% of continuous summer and winter ratings.

e Voltage range under normal operating condition per AESO Information Document (ID) #2010-
007RS, General Operating Practices — Voltage Control, which relates to Section 304.4 of the

! A complete description of these standards are given in http://www.aeso.ca/rulesprocedures/17004.html
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ISO rules, Maintaining Network Voltage. For the busses not listed in ID #2010-007RS,
Table 2-1 in the Transmission Planning Criteria — Basis and Assumptions applies.

o Desired post-contingency voltage change limits for three defined post event timeframes as
provided in Table 2-2 below.

Table 2-1. Acceptable Range of Steady State Voltage

':'/%T:;';zl Extreme Minimum | Normal Minimum | Normal Maximum | Extreme Maximum
o (kV) (kV) (kV) (kV)
500 475 500 525 550
240 216 234 252 264
(NortheastzsoNorthwest) 234 247 260 o
144 130 137 151 155
138 124 135 145 152
72 65 68.5 75.5 79
69 62 65.5 72.5 76

Table 2-2. Post-Contingency Voltage Deviations Guidelines for Low Voltage Busses

Time Period
Parameter and Reference Point Post Transient Post Auto Control Post Manual
(up to 30 sec) (30 sec to 5 min) Control (Steady
i State)
Voltage deviation from steady state at low +10% 7% oo
voltage bus

2.2 Load Forecast

The AESO forecast for this project, Addition of Voltage Support at Rycroft 730S Substation Load and
Generation Forecasts (see Appendix B of the NID Application), includes details of the load and
generation forecast used for these studies. For ease of reference, relevant information is summarized
below:

e Studies presented in this report are based on the latest load and generation forecast
available to the AESO for the Study Area.

e Study Area peak load has historically occurred in the winter season and this is forecast to be
the case in the future. The 2016 recorded seasonal winter peak (WP) load was 68 MW. The
2016 recorded seasonal summer peak load was 58 MW.?

% For the purpose of the AESO'’s forecast, winter season starts on November 1 and ends on April 30 of the following
year. Summer season is from May 1 to October 31 of the calendar year.
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e Load is forecast to grow significantly in the near-term due to three transmission system
access service requests submitted by ATCO Electric, the distribution facility owner (DFO). As
a result:

- Summer peak load is forecast to increase from 58 MW in 2016 to 78 MW in 2026
- Winter peak load is forecast to increase from 68 MW in 2016 to 89 MW in 2026

2.3 Generation Assumptions

As shown in the AESO forecast for this project (see Appendix B of the NID Application), there are
currently no existing generation nor applied for generation connection requests on the 144 kV and 72 kV
transmission systems in the Study Area. There is the potential for hydroelectric resource development in
the vicinity of the Study Area; however, due to long lead times associated with these types of
developments, some hydroelectric developments were included in these studies at the end of the 20-year
planning horizon. Specifically, a 350 MW hydro facility was included on the 240 kV bus at Wesley Creek
834S, as there is not enough transmission capacity within the Study Area.

2.4 System Development Assumptions

Currently there are no system development projects approved or under construction in the Northwest
Planning Region.

2.5 Customer Connection Assumptions

Table 2-3 outlines the customer connection projects in the Study Area that have been considered in the
study cases. Their inclusion represents system topology following completion of the system development
described herein. Since 2015, ATCO DFO has submitted three system access service requests (SASRS)
to collectively serve 36 MW of new load in the Rycroft area. These connection projects have scheduled
in-service dates (ISDs) between 2017 and 2019, and they are based on information currently available to
the AESO.

Two applications are for Rate DTS increases at existing Ksituan River 754S (project 1658) and Eureka
River 861S (project 1646) substations and one is for serving load at the new Mowat 2033S (project 1618)
substation. Projects 1618 and 1646 were energized in Q2 2017 with a total of 24.5 MW Rate DTS
increase in the area.
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Table 2-3. Customer Projects in the Study Area

aeso

. Existing .
Project . Requested Rate Change in
No. Project Name Area Rate DTS DTS (MW) ISD MW

(MW)
ATCO Spirit River New June 2017
+
1618 POD 20 0 21 (energized) 21
1646 ATCO Eurgka River 861S 19 29 6.4 June 2_017 135
Capacity Increase (energized)
ATCO Ksituan River
1 i . . +11.
658 7545 Capacity Increase 20 26.3 38.0 February 2019 11.7

2.6 Voltage Profile Assumptions

Voltages at major buses will be maintained at normal levels within the voltage requirement set out in
Table 2-1 above. The AESO ID General Operating Practice - Voltage Control (ID #2010-007RS) will be
used as a reference to establish normal voltage levels. To be focused on the Study Area, the following
voltage levels are assumed to be maintained at the two key source buses that supply the Study Area
under system normal conditions in all study cases: West Peace River 793S at 148 kV or above; Clairmont
Lake 811S at 144 kV or above.

2.7 Facility Ratings and Shunt Elements

Table 2-4 summarizes the facility ratings in the Study Area and its vicinity. Table 2-5 summarizes the
existing capacitive shunt elements in the Study Area and its vicinity. There are no existing reactors or
SVCs in the Study Area.

Table 2-4. Existing Facility Ratings in the Study Area and its Vicinity

MVA (Currently de-rated)

Facility From o V?Lt\??e Summer Winter
7L68 Clairmont Lake 811S Rycroft 730S 144 114 146 (132)
7L73* Rycroft 730S Friedenstal 800S 144 114 (99) 146 (99)
TL75%* Friedenstal 800S West Peace River 793S 144 146 196 (149)
7L10*** Rycroft 730S Ksituan River 754S 144 114 (85) 146 (134)

* 7L73 is limited to 99 MVA by current transformer (CT) and clearance limitations. ATOC Electric Ltd. the TFO in the area has a
capital maintenance project which included this line restoration to 113/145 MVA normal summer/winter ratings on a 144 kV base
with an estimated ISD of 2020.

** 7175 was limited to 99 MVA by current transformer (CT) and clearance limitations. A recent TFO capital maintenance project
restored the ratings of 7L75 to 146/149 MVA normal summer/winter ratings on a 144 kV base (completed in November 2017).

**+7] 10 was limited to 49 MVA, the area TFO increased the 7L10 ratings between Rycroft 730S and Mowat 2033S to 85/134 MVA
normal summer/winter ratings on a 144 kV base as part of project 1618 (completed in October 2017).
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Table 2-5. Shunt Elements in the Study Area
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Capacitors
Substation Name and Nominal Bus
Number Voltage (kV) Number of Switched Each at Nominal
Shunt Blocks Voltage (MVAr)
Ksituan 754S 144 1 15
1 15
Mowat 2033S 144
1 10
Eureka River 861S 72 1 5
144 1 15
Friedenstal 800S
25 1 4.8

2.8 Protection Fault Clearing Times

Fault clearing times for existing facilities were provided by the area TFO and are listed in Table 2-6.

Table 2-6. Transient Category B Contingency List and Fault Clearing Times

Fault Location Clearing Time (Cycles)
Contingency (first substation is near end,

second substation is far end) Near end Far end

Rycroft 730S 5 --
7L68 (Rycroft 730S to Clairmont Lake 811S)

Clairmont Lake 811S -- T*

Clairmont Lake 811S 5 --
7L68 (Rycroft 730S to Clairmont Lake 811S)

Rycroft 730S - *

Friedenstal 800S 6 -
7L75 (West Peace River 793S to Friedenstal 800S)

West Peace River 793S -- 8**

West Peace River 793S 6 -
7L75 (West Peace River 793S to Friedenstal 800S)

Friedenstal 800S - 8**

Rycroft 730S 6 --
7L73 (Rycroft 730S to Friedenstal 800S)

Friedenstal 800S - 8r*

Friedenstal 800S 6 -
7L73 (Rycroft 730S to Friedenstal 800S)

Rycroft 730S -- 8**

Little Smoky 813S 5 -
9L11 (Little Smoky 813S to Wesley Creek 834S)

Wesley Creek 834S -- 6

* 7 cycles of teleprotection clearing time is required on 7L68 as part of project 1658 Ksituan River 754S Capacity Increase.

**As part of project 1658 Ksituan River 754S Capacity Increase, teleprotection is being installed on both 7L73 and 7L75 to ensure a

total fault clearing times of 8 cycles at the far end.
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3  Planning Methodology

The methodology used to conduct the planning studies in the Study Area included the following:

e Use summer and winter peak load conditions to create a variety of credible stressed
scenarios for the planning studies.

e Conduct need assessment studies in the near-term to identify potential transmission system
constraints to serving load under Category A (N-0) and Category B (N-1) system conditions.

o Determine the load serving capability of the existing transmission system supplying the Study
Area.

e Determine the timing of the need to reinforce the transmission system for the Study Area by
comparing its load serving capability against the forecast load.

e Develop transmission reinforcement options to address the identified near-term constraints
and that considered the 20-year planning horizon.

o Evaluate the relative performance of the transmission reinforcement options in the medium-
term (2026), and long-term (2036).

e Select the preferred transmission reinforcement option based on technical performance,
economics, and social, environmental and land impacts.

e Develop a milestone and staged approach (if appropriate) to trigger the construction of the
preferred transmission option.

e Perform short-circuit analysis for the substations in the Study Area and its vicinity before and
after implementation of the transmission reinforcement options.

3.1 Study Scenarios

Study scenarios represent combinations of key factors including forecast peak load and generation
dispatches that would result in credible stressed system conditions. The scenarios created for these
planning studies are summarized in Table 3-1.

Load supply adequacy studies — Scenario 1 was created to identify the potential year the transmission
reinforcement option is needed to alleviate any voltage violations or thermal overloads that could
constrain the transmission systems ability to supply load. Winter peak loading conditions were used in
this scenario to identify potential voltage violations considering the worse voltage impact during the winter
season.

System configuration — Planning study results were dependent on a number of key assumptions,
including load and generation forecasts, customer connection projects and system configuration.

Medium-term and long-term performance assessments — To test the performance of each
transmission reinforcement option in the medium-term (2026) for the 10-year planning horizon and long-
term (2036) for the 20-year planning horizon, study scenarios for the 2026 summer peak load, 2026
winter peak load, 2036 summer peak load, and 2036 winter peak load were created to represent credible
stressed system conditions.
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Generation dispatches — No generation is connected within the Study Area. Generation dispatch
outside of the Study Area will not have material impact on load serving capability in the Rycroft area. Low
Northwest region generation scenarios under 2017 LTO Reference Case were used as the overall
credible stressed system conditions for planning studies.

Table 3-1. Study Scenarios

Study Scenario Year Season Stulijgaﬁr(e’\i\;)eak Gefg::t)i/oﬁn(al\a/lw)
1 2017 Winter 78 NA
2 2026 Summer 78 NA
3 2026 Winter 89 NA
4 2036 Summer 84 NA
5 2036 Winter 96 NA

3.2 Power Flow Analysis

Power flow analyses were performed to assess the need prior to any new transmission reinforcement in
the Study Area. The objective of these studies was to identify system constrains due to violations of the
TPL standards. Based on study results, the load serving capability of the transmission system in the
Study Area was determined for the existing transmission system. The maximum load that can be reliably
supplied by the transmission system in the Study Area without causing a performance violation following
a Category B contingency is defined as the area’s load serving capability.

Table 3-2 below shows the list of contingencies considered in the studies. Transmission facilities within
the Study Area were monitored and reported with any thermal or voltage criteria violations. Each of the
transmission reinforcement options considered was analyzed and compared using the study scenarios

listed in Table 3-1.

Table 3-2. Category B Contingency List

Contingency Elements Removed

9L11 9L11 (Little Smoky 813S — Wesley Creek 834S)
7L75 7L75 (West Peace River A793S — Friedenstal 800S)
7L73 7L73 (Friedenstal 800S - Rycroft 730S)
7L68 7L68 (Clairmont Lake 811S — Rycroft 730S)
7L10 7L10 (Rycroft 730S- Ksituan River 754S)
7L32 7L32 (Little Smoky 813S — Clairmont Lake 811S)
7L46 7L46 (Little Smoky 813S — Big Mountain 845S)
7L39 7L39 (Clairmont Lake 811S — Crystal Lake 722S)
7L03 7L03 (Flyingshot 749S — Elmworth 731S)
7L69 7L69 (Goodfare 815S — Elmworth 731S)
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Contingency Elements Removed

New 144 kV line * New Line (Mowat 2033S — Saddle Hills 865S)

Capacitor Banks** Capacitor banks at Friedenstal, Mowat, and Ksituan River

*New 144 kV line between Mowat 2033S and Saddle Hills 865S was only tested for Option 3. The assumption
is that the new line will be terminated at designated substations with two dedicated breakers while the existing
system network configurations remain as is.

**Single element contingencies were tested based on substation breaker configurations.

3.3 Voltage Stability Analysis

The objective of the power-voltage (PV) analysis was to determine the ability of the network to maintain
voltage stability margin at all the busses in the system under normal and abnormal system conditions.
The PV curve represents voltage change as a result of increased power transfer between two systems.
The reported incremental transfers were to the collapse point.

The voltage stability criteria are included in Appendix G of the NID document.

Voltage stability analysis was carried out using the winter peak scenarios due to the higher area loading
in winter compared to the summer for the same year. The voltage stability analysis was performed by
increasing load on the Study Area busses only and increasing the generation in the South Region (Areas
53, 54 and 55). Also for this analysis, no limits were selected for the generation sources, non-negative
active power constant MVA loads were enforced, and the existing power factor for the reference was
maintained.

Voltage stability analysis was performed for Category A condition and all Category B contingencies listed
in Table 3-2.

Voltage-reactive power (VQ) analysis was performed to identify the approximate amount of reactive
power required for Category A and all Category B contingencies listed in Table 3-2.

3.4 Transient Voltage Recovery Analysis

Transient stability analysis was performed with the alternative VAr support included for the faults
indicated in Table 2-6. Fault clearing times provided by the area TFO were used in these studies. Three
phase faults were applied.

For the transient stability analysis, the motor model (CLOD) within the Study Area assumed 70% of the
load with a motor split of 40% large and 30% small motors, which is typically used for studies in the
Northwest and Northeast areas.

3.5 Short-circuit Analysis

The objective of short-circuit analysis was to assess whether the maximum fault currents exceed the
capability for the circuit breakers to clear faults and to ensure equipment in the area is capable of carrying
the anticipated short-circuit flow. Short-circuit levels were analyzed under three-phase-to-ground faults
and single-line-to-ground faults with all the generators in and around the Study Area dispatched.
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4 Need Assessment

The main objective of the Need Assessment studies was to determine the load serving capability of the
existing transmission supplying the Study Area. Accordingly, the constraints limiting the load serving
capability were identified together with the limiting contingencies. The load serving capability of the
existing transmission system was determined using the planning methodology described in Section 3.

Once the load serving capability of the system was determined, the timing of the need for system
reinforcement was identified by matching the system capability to the forecast load for the Study Area.

4.1 Load Serving Capability of the Existing System

During 2016 the winter peak load level in the Study Area was approximately 68 MW and the peak load
level up to date (2017) was approximately 72 MW. The Need Assessment shows that the existing system
load serving capability is approximately 75 MW. The load serving capability is limited by low transmission
voltage and voltage deviation at various substations in the Study Area following a 7L75 or 7L73
contingency. The load serving capability following 7L68 contingency is very similar to, but slightly better
than, that of 7L75. The results of the Need Assessment also show that, when the area load reaches
approximately 80 MW following a 7L68 contingency, the power flow solution did not converge under this
study scenario (voltage collapse or voltage instability). Study Scenario 1A assumed a Study Area load of
75 MW and Scenario 1B assumed a Study Area load of 80 MW. Both were created from Scenario 1 with
the load scaling methodology applied. The power flow diagrams for these two new scenarios are provided
in Attachment A (Scenario 2017WP-1A and 1B).

With the loss of 7L73 (between Rycroft 730S and Friedenstal 800S) a marginally high transmission
voltage on the 144 kV bus at Friedenstal 800S of 156 kV was noted. The high transmission voltage in the
Friedenstal area is currently managed through TFO overvoltage protection schemes that trip the
Friedenstal 800S capacitor. (This, and similar issues will not be mentioned again in the report if they are
not related to the proposed transmission reinforcement options.)

4.2 Timing of Need

Based on the study results, timing of the need will depend on when load in the Study Area increases from
the existing 72 MW to approximately 75 MW, which would cause voltage violations in this area and
represents a loading level close to the voltage stability margin (an 80 MW limit).

The load forecast indicates the Study Area load might increase to a peak of 78 MW in winter 2017 if load
materializes according to current connection project applications; therefore, the need for additional
reinforcement in the Study Area is anticipated to arise as early as winter 2017. However, the forecast load
growth in the area is currently driven by specific connection projects. While the AESO is reasonably
certain that the transmission development is needed in the Rycroft area in the future, the timing of
transmission development depends on external factors such as the load project in-service dates (ISDs)
which are beyond the AESO’s control. The AESO has therefore determined that milestones are
appropriate to manage this uncertainty.

Considering the Need Assessment, Section 5 describes the transmission reinforcement options
considered to address the identified constraints in the Study Area.
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5 Development of Transmission Reinforcement Options

Three transmission reinforcement options were identified and assessed with the components outlined in
Sections 5.1 through 5.3, based on the need to reliably supply the load in the Rycroft area. All three
options would address the voltage violations identified during the Need Assessment.

In order to meet the forecasted area peak load of 96 MW for the next 20 years, additional voltage support
was considered in the Study Area as proposed under Option 1. The study shows that, without any wire
reinforcement in the Study Area, dynamic reactive power support is required. This is mainly due to the
large amount of reactive power requirement, approximately 50 MVAr, to meet the transmission reliability
criteria under certain contingency conditions. If this reactive power support is entirely provided by
capacitor banks at the Rycroft load center, which is supplied by Ksituan River 754S, Mowat 2033S and
Rycroft 730S substations, it would cause normal maximum voltage violations within and adjacent to the
Study Area under system normal conditions. It would also cause emergency maximum voltage violations
throughout the entire Study Area under the contingency of 7L68.

Wire solutions were also considered to meet the forecasted area peak load for the next 20 years. Both
Option 2 and Option 3 would require additional reactive power support (e.g., capacitor banks) in addition
to new circuits in the Study Area.

As part of the selection of the preferred option, construction staging opportunities will be considered. See
Figure 5-1, Figure 5-2 and Figure 5-3 for single line diagrams of the three options.

5.1 Option 1: Dynamic Reactive Power Support of 50 MVAr

e Provide dynamic reactive power support with 144 kV 50 MVAr at the existing Rycroft 730S to
ensure reliability for the 10 year planning horizon.

e Adda 25 kV 4.8 MVAr capacitor bank at Ksituan River 754S in the long term.

5.2 Option 2: New 144 kV Circuit from Rycroft 730S to Clairmont
Lake 811S plus Reactive Power Support

e Build a new 144 kV circuit between Rycroft 730S and Clairmont Lake 811S (approximately 60
km in length) for the 10 year planning horizon.

e Approximately 20 MVAr reactive power support would be required in addition to the new
circuit, as follows:

- A 144 kV 10 MVAr capacitor bank at Ksituan 754S for the 10 year planning horizon;

- A 25 kV 7.2 MVAr capacitor bank at Ksituan River 754S and a 25 kV 2.4 MVAr capacitor
bank at Eureka River 861S in the long term.
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5.3 Option 3: New 144 kV Circuit from Mowat 2033S to Saddle Hills
865S plus Reactive Power Support

e Build a new 144 kV transmission circuit connecting the Mowat 2033S substation to Saddle
Hills 865S (approximately 45 km in length) for the 10 year planning horizon.

e Approximately 30 MVAr reactive power support would be required in addition to the new
circuit, as follows:

- a 144 kv 10 MVAr capacitor bank at Rycroft 730S in the 10 year planning horizon

- al44 kv 10 MVAr capacitor bank and a 25 kV 7.2 MVAr capacitor bank both at Ksituan River
754S in the 10 year planning horizon

- a25kV 2.4 MVAr capacitor bank at Eureka River 861S in the long term.
5.4 Alignment with the AESO’s Long-Term Plans
The AESQO’s 2015 LTP proposed additional voltage support at the Rycroft 730S substation to meet the

load forecast for the Rycroft area. The transmission reinforcement options presented and considered in
this report are aligned with the AESQO’s long-term plans for transmission development for the Rycroft area.
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Figure 5-1. Option 1 — Dynamic Reactive Power Support in Study Area
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Figure 5-2. Option 2 — New 144 kV line from Rycroft 730S to Clairmont Lake 811S Plus Reactive Power Support in Study Area
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Figure 5-3. Option 3 — New 144 kV line from Mowat 2033S to Saddle Hills 865S Plus Reactive Power Support in Study Area
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6  Technical Assessment of the Options

Studies were carried out to evaluate the performance of the three options considered. The load serving
capability of each option was assessed and compared against the long-term forecast to ensure that it can
reliably serve the forecasted area load. When additional reactive power devices were assessed to meet
the load serving capability requirement, the AESO consulted the area TFO and standard equipment
sizing was considered in this study, specifically:

e 144 kV dynamic reactive power devices of 50 MVAr or 40 MVAr (SVC or STATCOM)

e 144 kV capacitor banks of 15 MVAr, 10 MVAr or units of 25 kV capacitor banks coming in
standard blocks of 2.4 MVAr each

For these studies, 144 kV and 72 kV bases are used for transmission facility/equipment ratings unless
noted otherwise.

6.1 Option 1: Dynamic Reactive Power Support of 50 MVAr

6.1.1 Load Serving Capability

With VAr support added in the Rycroft area under Option 1, the transmission system load serving
capability increases from the existing 75 MW to approximately 100 MW which would then be only limited
by the summer seasonal thermal capacity of line 7L68 under the contingency of line 7L75 (Table 6-1).
The new load serving capability would be able to meet the area need for up to 20 years. Power flow
diagrams are provided in Attachment B (Scenario 1C).

Table 6-1. Load Serving Capability of Option 1

System Load Serving Limiting Limiting Element -
g . . . ) Limit Type
Configuration Capability (Summer) Contingency (Summer Rating)
Option 1 100 MW 7L75 7L68 (114 MVA) Thermal

6.1.2 Reactive Power Support Requirement

The existing system load serving capability in Study Area is approximately 75 MW. This limit is due to low
transmission voltages and voltage deviation violations at various substations following a 7L75 or 7L73
contingency. The results for Option 1 show that the power flow solution might not converge (voltage
collapse or voltage instability) under N-1 conditions when the Study Area load is over 80 MW. There will
also be N-0 voltage violations at Ksituan River 754S when the Rycroft area load reaches approximately
92 MW and above. The power flow diagram for this scenario is provided in Attachment B (Scenario 4A).

In order to meet the forecasted area peak load of 96 MW for the next 20 years, while utilizing the existing
transmission network thermal capability, additional voltage support is required in the Study Area.

Voltage collapse, voltage profile (pre- and post-contingency conditions) and voltage recovery are factors
considered when identifying the need for dynamic VAr support devices. Dynamic reactive support is
required in the Study Area due to the large reactive power required, approximately 50 MVAr, to meet the
transmission reliability criteria under contingency conditions. If all of this is provided by capacitor banks at
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the Rycroft load center supplied by Ksituan River 754S, Mowat 2033S and Rycroft 730S, it would cause
normal maximum voltage violations in the Study Area under system normal conditions (N-0). It would also
cause emergency maximum voltage violations throughout the entire Study Area under the contingency of
7L68, as shown in Attachment B (Scenario 4B). Dynamic reactive support in the area would address
these issues.

This study assessed the technical performance of the system using an SVC for Option 1. Detailed
devices and technologies will be proposed by the TFO in later stages of the project.

The locations of the reactive power support devices are normally close to the load center, and the
placement of the dynamic VAr support needs to address the voltage violations under the two worst
contingencies in the Study Area: 7L75 and 7L68. Therefore, Rycroft 730S and Ksituan River 754S were
considered for the placement of reactive power support device(s) in this study. Adding a large reactive
power device at a single substation with a radial feed is not recommended due to incurred losses and
constraints on the availability of the reactive power support under certain system operating conditions.
Therefore, Ksituan River 754S was screened out and Rycroft 730S substation was selected for further
analysis under Option 1.

First, VQ analyses were performed to determine the amount of reactive power support required at Rycroft
730S. Then, PV analyses for load margins and power flow analysis on 2026 and 2036 winter peak and
summer peak scenarios for voltage and thermal line flows were assessed to ensure the recommended
reactive power support meets the transmission reliability requirement.

VQ Analysis for Additional VAr Support

As the voltage constraints are caused by high area load requirements and that the winter load forecast is
higher than the summer load forecast, the size(s) and location(s) of the reactive power support devices
were determined using winter peak load conditions. In order to determine the amount of VAr required in
Study Area for the next 20 years, VQ analysis was conducted with a 5% increase over the 2036 WP
scenario reference load level of 96 MW. For this scenario, all existing Study Area capacitors were
assumed to be on with no new area VAr support. Approximately 54 MVAr at Rycroft 730S will be required
to maintain area voltages above the minimum voltage requirement of 130 kV (0.94 p.u.) under critical
contingencies (Figure 6-1).

The 54 MVAr reactive support could be entirely dynamic (SVC or STATCOM) or could be a combination
of dynamic and capacitor banks in the Study Area that would be sufficient to meet the pre- and post-
contingency performance requirements. Either a standard size 50 MVAr SVC alone or a 40 MVAr SVC
with additional capacitor banks could provide this support, and both sizes and types of equipment have
been considered for Option 1.
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Figure 6-1. 20-year VQ Analysis at Rycroft 730S — Option 1
PV Analysis for Additional VAr Support

PV analyses were performed for 50 MVAr and 40 MVAr SVCs on the 144 kV bus at Rycroft 730S under
the 2026 WP and 2036 WP scenarios. The winter peak load for the Study Area is 89 MW in 2026 and 96
MW in 2036.

The PV analysis results for the 2026 WP scenario are provided for 50 MVAr SVC and for 40 MVAr SVC
on 144 kV bus at Rycroft 730S (see Table 6-2 and Table 6-3, respectively). The 50 MVAr SVC meets the
voltage stability requirement for 10-year planning horizon. The 40 MVAr SVC does not meet the voltage
stability requirement; therefore additional capacitor banks will be required. However an SVC of 40 MVAr
or lower with additional capacitor banks would rank lower than the 50 MVAr SVC in terms of economic
merit. Therefore, the 50 MVAr SVC is preferred because of its technical performance and economic merit.
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Table 6-2. Voltage Stability — 2026 WP: 50 MVAr SVC at Rycroft 730S (min. PV margin = 4.43 MW)

2026 WP (min.
PV margin is M
4.43 MW) 133/3 Total Load Minimum
Contingency From To g Serving
Maximum Transfer Capability (MW) Voltage (p.u.)
Criteria?
Incremental
Transfer (MW)
N-0 System Normal 45.63 134.13 0.81 @ Ksituan
River
. Wesley Creek 0.83 @ Ksituan
oL11 Little Smoky 813S 834S 43.52 132.02 River
West Peace River . 0.97 @ Ksituan
7L75 793S Friedenstal 800S 5.63 94.13 River 144KV
. Yes 0.90 @ Ksituan
7L73 Friedenstal 800S Rycroft 730S 15.63 104.13 River 144 KV
Clairmont Lake 0.99 @ Ksituan
7L68 Rycroft 730S 811S 16.88 105.38 River 144 KV
. . . 0.91 @ Ksituan
7L46 Little Smoky 813S Big Mountain 845S 22.50 111.0 River 144 KV
7132 Little Smoky 8135 | Clairmont Lake 23.75 112.25 0.93 @ Ksituan

811S

River 144 kV

Table 6-3. Voltage Stability — 2026 WP: 40 MVAr SVC at Rycroft 730S (min. PV margin = 4.43 MW)

2026 WP (Min PV

marg’i;]\/\il&; w ’\{'(‘)3535/5 Total Load Minimum
Contingency From To g Serving
Maximum Transfer Capability (MW) Voltage (p.u.)
Criteria?
Incremental
Transfer (MW)

0.78 @ Ksituan

N-0 System Normal 43.13 Yes 131.63 River 144 KV
. Wesley Creek 0.79 @ Ksituan

9L11 Little Smoky 813S 834S 41.56 Yes 130.06 River 144 KV
West Peace River . 0.91 @ Ksituan

7L75 703S Friedenstal 800S 3.13 No 91.63 River 144 KV
) 0.84 @ Ksituan

7L73 Friedenstal 800S Rycroft 730S 13.13 Yes 101.63 River 144 KV
Clairmont Lake 0.99 @ Ksituan

7L68 Rycroft 730S 811S 11.25 Yes 99.75 River 144 KV
. . . 0.88 @ Ksituan

7L46 Little Smoky 813S Big Mountain 845S 19.38 Yes 107.88 River 144 kV
. Clairmont Lake 0.89 @ Ksituan

7L32 Little Smoky 813S 811S 21.25 Yes 109.75 River 144 KV
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The PV analysis results for 2036 WP scenario are provided in Table 6-4 with a 50 MVAr SVC at Rycroft
730S substation. The results show that a 50 MVAr SVC alone is not able to meet the voltage stability
requirements for the next 20 years even assuming the voltage in the southern Grande Prairie system will
be reinforced and maintained at 138 kV and above by a future development (SVC or similar) at or near
Clairmont Lake 811S, which will be addressed by separate Need Assessment in the future. Therefore,
further testing was completed with an additional 4.8 MVAr capacitor bank on 25 kV bus at Ksituan River
7548, as this substation was identified with N-0 voltage violations toward the end of the 20-year planning
horizon. This combination of voltage support passed the voltage stability requirement. The results of this

analysis are shown in Table 6-5.

Table 6-4. Voltage Stability — 2036 WP: 50 MVAr SVC at Rycroft 730S (min. PV margin = 4.8 MW)

2036 WP (min.
PV margin is Meets Total Load
. 4.8 MW) 105% Serving Minimum
Contingency From To Transfer c bilit Volt
Maximum Cg s_ er) apability oltage (p.u.)
Incremental riteria’ (Mw)
Transfer (MW)
0.73 @ Eureka
N-0 System Normal 50 Yes 145.8 River 72 kV
. Wesley Creek 0.70 @ Eureka
9L11 Little Smoky 813S 834S 49.38 Yes 145.18 River 72 kV
West Peace River . 0.91 @ Eureka
7L75 7938 Friedenstal 800S 4.38 No 100.18 River 72 kV
. 0.90 @ Ksituan
7L73 Friedenstal 800S Rycroft 730S 19.38 Yes 115.18 River 144 kV
Clairmont Lake 0.99 @ Ksituan
7L68 Rycroft 730S 811S 12.50 Yes 108.3 River 144 KV
. . . 0.76 @ Eureka
7L46 Little Smoky 813S | Big Mountain 845S 41.88 Yes 132.68 River 72 KV
7132 Little Smoky 8135 | Clarmont Lake 37.50 Yes 137.68 0.79 @ Eureka

811S

River 72 kv

Table 6-5. Voltage Stability — 2036 WP: 50 MVAr SVC at Rycroft 730S and a 4.8 MVAr capacitor
bank (25 kV) at Ksituan River (min. PV margin = 4.8 MW)

2036 WP (min.
PV4n;a'\r/|g\;,|Vn Is Meets Total Load
. ) ) 105% Serving Minimum
Contingency From o Transfer | Capabilit Voltage (p.u.)
Maximum SN p y ge (p.u.
Incremental Criteria? (Mw)
Transfer (MW)
0.73 @ Eureka
N-0 System Normal 51.25 14705 River 72 kV
Yes
. Wesley Creek 0.70 @ Eureka
9L11 Little Smoky 813S 834S 50.63 146.43 River 72 KV
7L75 West Peace River Friedenstal 800S 16.25 Yes 112.05 0.79 @ Eureka
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2036 WP (min.
PV4nga'\r/|g\;,|Vn Is Meets Total Load
. ) ) 105% Serving Minimum
Contingency From To Transfer c bilit Volt
Maximum g s. e7 apability oltage (p.u.)
Incremental Criteria? (Mw)

Transfer (MW)

793S River 72 kV

7L73 Friedenstal 800S Rycroft 730S 40.63 136.43 0.80 @ Ksituan

River 144 kv
7168 Rycroft 730S Scﬁirsmom Lake 15.63 111.43 Ol?e?vg Ezurk?fa
7L46 Little Smoky 813S 52952/' ountain 43.75 139,55 O';?\,e@: fzurk%(a
7L32 Little Smoky 813S glal"smom Lake 26.25 122.05 0'2?\/3 f;[ifa

Power Flow Analysis for additional VAR support
2026 Timeframe

Power flow analyses were performed to test the Study Area performance with Option 1, a 144 kV 50
MVAr SVC at Rycroft 730S, using the 2026 SP and 2026 WP study scenarios. Attachment B provides the
power flow results (Opt1-2026SP Scenario 2 and Opt1-2026WP Scenario 3).

Category A:

No voltage or thermal Reliability Criteria violations were observed under 2026SP or 2026WP study
scenarios.

Category B:

No thermal or voltage Reliability Criteria violations were identified under 2026 SP or 2026 WP study
scenarios.

2036 Timeframe

Power flow analyses were performed with a 144 kV 50 MVAr SVC at Rycroft 730S with a 25 kV 4.8 MVAr
capacitor bank at Ksituan River 754S under the 2036 SP and 2036 WP study scenarios. Clairmont Lake
811S voltage was maintained at 138 kV and above in 2036WP scenarios under category B conditions to
ensure the Grande Prairie area VAr requirements do not influence the options investigated for the Rycroft
area VAr support. Power flow results are provided in Attachment B (Opt1-2036SP Scenario 4 and Optl-
2036WP Scenario 5).

Category A:

No voltage or thermal Reliability Criteria violations were observed under 2036SP or 2036WP study
scenarios.
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No voltage violations were identified under 2036 SP or 2036 WP study scenarios. The thermal
performance study results on 2036 SP and 2036 WP study scenarios are listed in Table 6-6 and Table 6-
7. No other thermal violations were identified.

Table 6-6. Category B Thermal Performance —2036 SP: 50 MVAr SVC at Rycroft 730S and a
4.8 MVAr capacitor bank at Ksituan River 754S

Rating*
Conti Overloaded Element Flow” % of
ontingency verloaded Elemen (Summer Loadin
MVA) (MVA) g
7L32 (Little Smoky 813S — Clairmont 7L73 (Rycroft 730S to Friedenstal 95 104 105
Lake 811S) 800S)
* MVA on a 138 kV base
Table 6-7. Category B Thermal Performance —2036 WP: 50 MVAr SVC at Rycroft 730S and a
4.8 MVAr capacitor bank at Ksituan River 754S
Rating*( . 0
Contingency Overloaded Element Winter Flow % O.f
(MVA) Loading
MVA)
7L32 (Little Smoky 813S — Clairmont 109 110
Lake 811S) 7L73 (Rycroft 730S to Friedenstal o5
7L46 (Little Smoky 813S — Big 800S) 102 103
Mountain 845S)

* MVA on a 138 kV base

Line 7L73 ratings are currently CT limited, and the line shows thermal overloads under the contingencies
of 7L32 or 7L46 over the long term (i.e., between years 2027 and 2036). As the identified thermal
overload occurs post-2026, the 7L73 line restoration will be further investigated as load continues to grow
in the area.

6.1.3 Summary

To meet the forecast load over the 20-year planning horizon, a technical assessment was performed with
additional voltage support in the Study Area. The assessment shows that, without any wire reinforcement
in the Study Area, dynamic reactive power support is required to meet the transmission reliability
requirements under contingency conditions.

The locations of the reactive power support devices are normally close to the load center, and the
placement of the dynamic VAr support needs to address the voltage violations under the two worst
contingencies in the Study Area: 7L75 and 7L68. Therefore, Rycroft 730S and Ksituan River 754S were
considered for the placement of reactive power support device(s) in this study. However, adding a large
amount of reactive power device at a single substation with a radial feed such as Ksituan River 754S is
not recommended due to incurred losses and constraints on the availability of the reactive power support
under certain system operating conditions. Therefore, Rycroft 730S is selected for further analysis.

Dynamic reactive power support of 50 MVAr at Rycroft 730S substation can meet the reliability
requirements for pre and post voltage performance and voltage stability limit in the Study Area while
supplying the local Rycroft area load up to approximately 90 MW (about 35% growth), which is sufficient
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to address the need for the 10-year planning horizon. A 50 MVAr SVC shows economic merits over the
combination of an SVC of smaller size (40 MVAr) with capacitor bank(s). For the dynamic reactive power
device, this study assumed an SVC for technical assessment purposes. Detailed devices and
technologies will be proposed by the TFO in later stages of the project.

An additional capacitor bank would be required when the load increases up to the 20-year planning
horizon.

The transmission development for Option 1 comprises the following system components:
¢ Dynamic reactive power support of 50 MVAr at Rycroft 730S 144 kV within 10 years; and

e A 25kV 4.8 MVAr capacitor bank at Ksituan River 754S in the long term (i.e., between year
2027 and 2036).

6.2 Option 2: New 144 kV Circuit from Rycroft 730S to Clairmont
Lake 811S plus Reactive Power Support

6.2.1 Load Serving Capability

Table 6-8 summarizes the load serving capability of adding the new 144 kV line between Rycroft 730S
and Clairmont Lake 811S. The load serving capability is approximately 85 MW due to the under-voltage
violations at Ksituan River 754S under the contingency of 7L75, which is not sufficient to meet area needs
within the first 10 years. Additional voltage support will therefore be needed in addition to this proposed
line as the area load continues to increase. The rating of the new 144 kV line is assumed to be 114 MVA,
similar to the existing 144 kV line 7L68. Clairmont Lake 811S voltage was maintained at 138 kV or above
under Category B contingency conditions. Power flow diagrams are provided in Attachment B (Scenario
1E).

Table 6-8. Load Serving Capability of a new line from Rycroft 730S to Clairmont Lake 811S

System Load Serving Limiting Limiting Element Limit

Configuration Capability Contingency 9 Type
Option 2-new line Low voltage and voltage deviation at Voltage

only 85 MW s Eureka River 861S limit

6.2.2 Reactive Power Support Requirement

In order to meet the forecast area load requirement of 96 MW for the 20-year planning horizon, an
additional reactive power device would be required for Option 2. As this is a voltage limit, the size of
reactive power device was determined under winter peak load conditions, which are higher than summer
peak load conditions.

VQ and Step Change Analysis for additional VAR support with the new line

In order to determine the amount of VAr required for Option 2 in Study Area for the next 20 years, VQ
analysis was conducted. Study were done for Ksituan River 754S with a 5% increase over the 2026 WP
and 2036 WP scenario reference load levels of 89 MW and 96 MW respectively. Ksituan River 754S
substation was assessed as it was identified as showing N-0 voltage violations in the long term. For the
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VQ analysis, all existing capacitors in the Study Area were assumed to be on with no new area VAr
support.

For the 20-year scenario, the VQ curve hits the nose first for 7L75 contingency compared to other
contingencies and would require approximately 24 MVAr at Ksituan River 754S to prevent area voltage
collapse under critical contingencies in 2036 WP (Figure 6-2). For the 10-year scenario, the 7L75
contingency would require approximately 14 MVAr at Ksituan River 754S to maintain the area voltage
above 130 kV (0.94 p.u.) for post-contingency conditions (Figure 6-3).
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Figure 6-2. 20-year VQ Analysis at Ksituan River 754S with a new 144 kV line — Option 2
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Figure 6-3. 10-year VQ Analysis at Ksituan River 754S with a new 144 kV Line — Option 2
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Further analysis was conducted to determine the voltage step change as a result of switching different
size capacitor banks at Ksituan River 754S both at the 144 kV and 25 kV voltage levels: a 15 MVAr and a
10 MVAr at 144 kV and a 7.2 MVAr at 25 kV under the 2036 WP study scenario. In all cases, existing
Ksituan River 754S capacitor as well as all area capacitors were on and the proposed 144 kV line was
put in service prior to switching the capacitor of interest at Ksituan River 754S. To keep the voltage step
change at or below 3%, the maximum size of the capacitor at Ksituan River 754S was identified to be a
10 MVAr. Therefore, to meet the VAr requirement for Ksituan River 754S, a 144 kV 10 MVAr capacitor
bank and a 25 kV 7.2 MVAr capacitor bank were selected for further testing.

Table 6-9. Voltage Step Change — 2036 WP: Ksituan River 754S

Pre- Voltage Voltage Voltage
Bus Nomina Voltage Post 15 Step Post 10 Step Post 7.2 Step
Substation NoO | kV (no new MVAr cap Chang MVAr cap Change | MVAr cap Change
' Cap) Switch e (%) Switch (%) Switch (%)
(p.u) (p.u.) (p.u.) (p.u)
Ksituan River
7545 1104 144 1.000 1.039 3.9% 1.025 2.5% 1.022 2.2%
Rycroft 730S 1100 144 1.029 1.050 2.0% 1.043 1.4% 1.041 1.2%
Mowat 2033S 1116 144 1.016 1.046 3.0% 1.035 1.9% 1.033 1.7%
Boucgzegscreek 1102 144 1.045 1.060 1.4% 1.055 1.0% 1.053 0.8%
C'a'"gff;"ake 1117 144 1.044 1.050 0.6% 1.054 1.0% 1.052 0.8%

PV Analysis for additional VAr Support with the new line

Voltage stability analysis was performed under the 2026 WP and 2036 WP scenarios based on the VQ
analysis results for Option 2. With the new 144 kV line from Rycroft 730S to Clairmont Lake 811S in
service, a 144 kV 10 MVAr capacitor bank at Ksituan River 754S was tested under the 2026 WP scenario
and an additional 25 kV 7.2 MVAr capacitor bank at Ksituan River 754S was tested under the 2036 WP
scenario as a starting point. The study results show that this combination of voltage support meets the
voltage stability requirement for both 10-year and 20-year planning horizons.

In the PV analysis provided, Clairmont Lake 811S voltage was maintained at 138 kV or above under
category B conditions to ensure the Grande Prairie area VAr requirements do not influence the options
investigated for the Rycroft area VAr support.

Table 6-10. Voltage Stability — 2026 WP: 144 kV line and 10 MVAr capacitor bank at Ksituan
River 754S (min. PV margin = 4.43 MW)

Rycroft 89 MW (min. Total
PV margin is 4.43 Meets Load
. 9 . Minimum
Contingency From To MW) 105% Serving
Transfer Capabili Voltage (p.u.)
Maximum Incremental Criteria? apability
Transfer (MW) (MW)
0.85 @
N-0 System Normal 50.0 Yes 139 Eureka 72 KV
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Rycroft 89 MW (min.
PV margin is 4.43 Meets
. MW) 105%
Contingency From To Transfer
Maximum Incremental Criteria?
Transfer (MW)
9L11 Little Smoky 813S | Wesley Creek 834S 43.13
West Peace River .
7L75 793S Friedenstal 800S 11.25
7L73 Friedenstal 800S Rycroft 730S 26.25
Clairmont Lake
7L68 Rycroft 730S 811S 41.88
7L46 Little Smoky 813S | Big Mountain 845S 23.75
. Clairmont Lake
7L32 Little Smoky 813S 811S 5.0

Total
S:?\f}ig Minimum
Capability | V°'t89¢€ (P-U.)
(MW)
0.87 @
13213 Eureka 72 kV
0.90 @
10025 Eureka 72 kV
0.90 @
115.25 Ksituan River
144 kV
0.78 @
130.88 Ksituan River
144 kV
092 @
112.75 Ksituan River
144 kV
0.97 @
94 Eureka 72 kV

Table 6-11. Voltage Stability — 2036 WP: 144 kV line and 10 MVAr and 7.2 MVAr capacitor banks at

Ksituan River 754S (min. PV margin = 4.8 MW)

Rycroft 96 MW
(m'_n'f;/ﬂ\?\;gm Meets Total Load
. 1S & ) 105% Serving Minimum
Contingency From To L
Maximum Trgnsfer Capability Voltage (p.u.)
Incremental Criteria? (MW)
Transfer (MW)
0.68 @ Eureka
N-0 System Normal 63.13 158.93 72 KV
oL11 Little Smoky 813S | Wesley Creek 834S 57.50 153.3 0'707@; E\‘;reka
West Peace River . 0.82 @ Eureka
7L75 7938 Friedenstal 800S 19.38 115.18 79 kv
7L73 Friedenstal 800S | Rycroft 730S 44.38 Yes 14018 | 087 @Ksiuan
144 kV
Clairmont Lake 0.65 @ Eureka
7L68 Rycroft 730S 811S 50.63 146.43 72 KV
. . . .82 @ Eurek
7146 Little Smoky 813S | Big Mountain 845S 40.00 13580 | 08 7@; k\‘/”e a
. Clairmont Lake 0.96 @ Eureka
7L32 Little Smoky 813S 811S 6.88 102.68 79 kv
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Power Flow Analysis for additional VAR support with the new line

In the power flow analysis the critical bus voltages at Clairmont Lake 811S was maintained at 138 kV
and above under Category B conditions to ensure the Grande Prairie area VAr requirements did not
influence the options investigated for VAr support in the Study Area.

2026 Timeframe

Power flow analyses were performed on a new 144 kV line between Rycroft 730S and Clairmont Lake
811S and a 10 MVAr capacitor bank at Ksituan River 754S under the 2026 SP and 2026 WP study
scenarios. Power flow diagrams are provided in Attachment B (Opt2-Scenario 2 and Opt2-Scenario 3).

Category A:

No voltage or thermal Reliability Criteria violations were observed under 2026 SP or 2026 WP study
scenarios.

Category B:

No voltage or thermal Reliability Criteria violations were observed under 2026 SP or 2026 WP study
scenarios.
2036 Timeframe

Power flow analyses were performed first on a new 144 kV line between Rycroft 730S and Clairmont
Lake 811S with 10 MVAr and 7.2 MVAr capacitor banks at Ksituan River 754S under the 2036 WP study
scenarios. Power flow diagrams are provided in Attachment B (Opt2-Scenario 5A).

Category A:

No voltage or thermal Reliability Criteria violations were observed under 2036 SP or 2036 WP study
scenarios.

Category B:

The study results show under-voltage and post-transient point of delivery (POD) bus deviation violations
at Eureka River 861S and Hines Creek 724S under 2036 WP scenarios (Table 6-12 and Table 6-13).

Table 6-12. Category B Voltage Range — 2036 WP: 10 MVAr and 7.2 MVAr at Ksituan River 754S

. Substation Name Nominal Em_er_gency Emer.gency Initial Steady
Contingency and Number Bus No. KV Minimum Maximum Voltage State
Voltage (kV) Voltage (kV) (kV) (kV)

7L75 (W. Peace
River 793S - Eureka River 861S 1108 72 65 79 71.8 64.2
Friedenstal 800S)
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Table 6-13. Category B Voltage Deviation — 2036 WP: 10 MVAr and 7.2 MVAr at Ksituan River 754S

Voltage Deviations for POD Busses Only
. . Initial - o ° o s o
Contingency Substation Name Bus Nominal Voltage | .. 5 _ > = > = >
and Number No. kv 05 S © << © 0 = <
(kV) O c X < — X = o 35 e
o g= O 9= O a 2 o
= S o S g S
7L75 (W. Peace Eureka River 861S | 19108 25 26 23.0 115 -
River 793S —
Friedenstal 800S) Hines Creek 724S 19107 25 25.8 23.2 10.1 -

As shown above, the addition of 10 MVAr and 7.2 MVAr capacitors at Ksituan River 754S would be
insufficient to meet the transmission reliability requirements due to the transmission under-voltage
violations at Eureka River 861S and Hines Creek 724S. Additional VAr support of a 2.4 MVAr 25 kV
capacitor was added at Eureka River 861S for further testing using 2036 SP and 2036 WP scenarios. The
study results show that this combination of voltage support meets the transmission Reliability Criteria, as
shown in the power flow diagrams provided in Attachment B (Opt2-2036SP Scenario 4 and Opt2-
2036WP Scenario 5).

Voltage performance results for the 2036 WP scenario that included this additional 2.4 MVAr capacitor
bank at Eureka River 861S are listed in Table 6-14 and Table 6-15.

Table 6-14. Category B Voltage Range — 2036 WP: 10 MVAr and 7.2 MVAr at Ksituan River 754S
and 2.4 MVAr at Eureka River 861S

. . Em_ergency Emer.gency Initial Steady
. Substation Name Nominal Minimum Maximum
Contingency Bus No. Voltage State
and Number kv Voltage Voltage kV) kv)
(kV) (kV)
Friedenstal 800S 1105 144 130 155 147.0 156.2
7L73 (Rycroft .
Friedenstal 800S 1106 72 65 79 76.2 81.1
730S -
Friedenstal | oo creek 7245 | 1107 72 65 79 74.2 79.6
800S)
Eureka River 861S 1108 72 65 79 74.1 79.9

Adding a 2.4 MVAr capacitor bank at Eureka River 861S could cause slightly higher voltages on 144 kV
and 72 kV buses at Friedenstal area under the loss of line 7L73 (from Rycroft 730S to Friedenstal 800S).
The high transmission voltage will be managed through TFO overvoltage protection schemes that trip the
Friedenstal 800S capacitor.

Compared to Option 2, Option 1 does not have any adverse impact on the over-voltages at Friedenstal
area under the loss of line 7L73 as it proposes the dynamic reactive power device at Rycroft area, which
will be separated from Friedenstal area under the contingency of 7L73.
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Table 6-15. Category B Voltage Deviation — 2036 WP: 10 MVAr and 7.2 MVAr at Ksituan River 754S
and 2.4 MVAr at Eureka River 861S

Voltage Deviations for POD Busses
= Onl
S y
=
Substation = o = < )
. Bus T g |5 <z <
Contingency Name and N = s |3 g < g = g
Number o S > |s<| § g = S =
S S |g2| & S 2 S 2
z S |F=| © < 8) < o
c | S 1) S = S
L g 2
& a
7L75 (W. Peace River 793S — Friedenstal Eureka
. 191 2 26.2 | 23. 11% - -
800S) Riverge1s | 19108 | 25 | 26 33 °

In the 2036 WP, for the loss of 7L75 (West Peace River 793S — Friedenstal 800S) marginal voltage
deviation (post-transient only) was noted at Eureka River 861S. However, the voltage deviations
decreased to below 7% and 5% once the automatic and manual adjustments (respectively) were made to
the system.

Option 2 was further tested from a thermal perspective by adding the capacitor banks identified above for
2036 SP and 2036 WP scenarios. The study results are listed in Table 6-16 and Table 6-17.

Table 6-16. Category B Thermal Performance— 2036 SP: 10 MVAr and 7.2 MVAr at Ksituan River
754S and 2.4 MVAr at Eureka River 861S

Rating” Flow* % of
Contingency Overloaded Element (Summer 0
(MVA) Loading
MVA)
. . 7L73 (Rycroft 730S —
7L32 (Little Smoky 813S — Clairmont Lake 811S) Friedenstal 800S) 95 105 107

* MVA on a 138 kV base

Table 6-17. Category B Thermal Performance— 2036 WP: 10 MVAr and 7.2 MVAr at Ksituan River
754S and 2.4 MVAr at Eureka River 861S

Rating* Flow* % of
Contingency Overloaded Element (Winter o
(MVA) Loading
MVA)
7L32 (Little Smoky 813S — Clairmont Lake 811S) | 7 73 (Rycroft 730S — 107 112
. 95
7L46 (Little Smoky 813S — Big Mountain 845S) | Friedenstal 800S) 100 103

* MVA on a 138 kV base

Line 7L73 ratings are currently CT limited, and the line shows thermal overloads under the contingencies
of 7L32 or 7L46 in the long term. As the identified thermal overload would occur post-2026, the 7L73 line
restoration will be further investigated as load continues to grow in the area. No other voltage or thermal
Reliability Criteria violations were observed in the Study Area under the 2036 SP or 2036 WP scenario.
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6.2.3 Summary

To meet the forecast load over the 20-year planning horizon, technical studies were performed to assess
the performance of transmission wire reinforcement from Rycroft 730S to Clairmont Lake 811S with
additional voltage support in the Study Area.

Transmission development for Option 2 comprises of the following system components:
e Anew 144 kV circuit between Rycroft 730S and Clairmont Lake 811S within 10 years;
e Anew 144 kV 10 MVAr capacitor bank at Rycroft 730S within 10 years;

e A new 25 kV 7.2 MVAr capacitor bank at Ksituan River 754S in the long term (i.e., between
year 2027 and 2036);

e A new 25 kV 2.4 MVAr capacitor bank at Eureka River 861S to be installed concurrently with
the Ksituan River 754S capacitor bank described above.

Overall, Option 1 shows relatively better voltage performance than Option 2 and it requires less
voltage support from the rest of the system. The thermal performance is very similar between these
two options. However, Option 1 is more economical and does not involve any new line construction.
Option 1 should, therefore, result in less land impact.

6.3 Option 3: New 144 kV Circuit from Mowat 2033S to Saddle Hills
865S plus Reactive Power Support

6.3.1 Load Serving Capability

Table 6-18 summarizes the load serving capability of adding the new 144 kV line between Mowat 2033S
and Saddle Hills 865S. The load serving capability is approximately 80 MW and is limited due to the
under-voltage violations at Ksituan River 754S under the contingency of 7L73. This load serving
capability of 80 MW is not sufficient to meet the area load needs within 10-year planning horizon.
Therefore, additional voltage support will be needed as the area load approaches that limit. The rating of
the new 144 kV line is assumed to be 114 MVA, similar to the existing 144 kV line 7L68. For the study
scenarios, the critical bus voltage at Clairmont Lake 811S was maintained at 138 kV or above under
Category B contingency conditions. Power flow diagrams are provided in Attachment B (Scenario 1F).

Table 6-18. Load Serving Capability of a new line from Mowat 2033S to Saddle Hills 865S

. . Load Serving Limiting R o
System Configuration Capability (MW) Contingency Limiting Element Limit Type
Under-voltage at
Option 3: new line only 80 7L73 Ksituan River 144 kV Voltage
bus

6.3.2 Reactive Power Support Requirement

Additional reactive power device(s) would be required for Option 3 in order to meet the forecast area load
requirement of 96 MW for the 20-year planning horizon. As this is a voltage limit issue, the size of reactive

December 2017 32 Transmission
R1 File No. RP-05-1784



Engineering Study Report
P1784 Addition of Voltage Support at Rycroft 730S Substation a'eso

power device was determined under winter peak load conditions, which are higher than summer peak
load conditions.

VQ and Step Change Analysis for additional VAR Support with the new line

VQ analysis was conducted in order to determine the amount of VAr required in the Study Area for the
next 20 years for Option 3. Study were done for Ksituan River 754S with a 5% increase over the 2026 WP
and 2036 WP scenario reference load levels of 89 MW and 96 MW respectively. All existing capacitors in
the Study Area were assumed to be on with no new area VAr support.

For the 20-year scenario, the VQ curve hits the nose first for the 7L75 contingency, indicating that this
contingency would require approximately 33 MVAr at Ksituan River 754S on a 144 kV base to prevent
area voltage collapse (Figure 6-4). However, adding a large amount of capacitance at a single substation
with a radial feed is not recommended due to over voltage concerns under certain system operating
conditions.

For the 10-year scenario, the VQ curve shows that the 7L75 contingency would require approximately
24 MVAr at Ksituan River 754S on a 144 kV base to maintain the area voltage above 130 kV (0.94 p.u.)
as shown on Figure 6-5.
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Figure 6-4. 20-year VQ Analysis at Ksituan River 754S with a new 144 kV line — Option 3
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VAr Requirement at Ksituan River 754S
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Figure 6-5. 10-year VQ Analysis at Ksituan River 754S with a new 144kV line — Option 3

Further analysis was conducted to determine the voltage step change as a result of switching different
size capacitor banks at Ksituan River 754S: a 15 and a 10 MVAr capacitor bank at 144 kV and a 25 kV
7.2 MVAr capacitor bank at Ksituan River 754S using 2036 WP study scenario. In all cases, all existing
capacitor banks in the Study Area, including Ksituan River 754S, were assumed to be switched on and
the proposed 144 kV line was assumed to be in service prior to switching on the capacitor of interest. To
keep the voltage step change at or below 3%, the maximum size of capacitor at Ksituan River 754S was
determined to be 10 MVAr, as shown in Table 6-19. Therefore, to meet the VAr requirement for Ksituan
River 754S, only the 144 kV 10 MVAr capacitor bank and the 25 kV 7.2 MVAr capacitor bank were
selected for further testing.

Table 6-19. Voltage Step Change — 2036 WP: Ksituan River 754S

Pre- Voltage Voltage Voltage
Bus | Nominal Voltage Post 15 Step Post 10 Step Post 7.2 Step
Substation No KV (no new MVAr cap Change MVAr cap Change MVAr cap Change
' Cap) Switch (%) Switch (%) Switch (%)
(p.u.) (p.u.) (p.u.) (p.u.)
Ksituan River
1104 144 0.990 1.024 3.4 1.013 2.3 1.009 1.9
754S
Rycroft 730S 1100 144 1.018 1.037 1.9 1.031 1.3 1.028 1.0
Mowat 2030S 1116 144 1.007 1.032 2.5 1.024 1.7 1.021 1.4
Boucher Creek | 1105 | 144 1.035 1.049 14 1.045 1.0 1.043 0.8
929S
gﬁ"smom Lake 19117 | 144 1.045 1.058 12 1.054 0.9 1.052 07
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Again, further analysis was conducted to determine the voltage step change for 15 MVAr and 10 MVAr
144 kV capacitor banks at Rycroft 730S using the 2036 WP scenario. In all cases, all existing capacitor
banks in the Study Area, including Ksituan River 754S were assumed to be switched on and the
proposed 144 kV line was assumed to be in service prior to switching on the capacitor of interest. It was
determined that switching on of either of the two capacitor banks at Rycroft 730S produced a voltage step
change below 3% as shown in Table 6-20.

Table 6-20. Voltage Step Change — 2036 WP: Rycroft 730S

Nominal Pre-Voltage Voltage Post Step Voltage Post Step
Substation Bus No. KV (no new cap) 15 MVAr cap Change 10 MVAr cap Change

(p.u.) Switch (p.u.) (%) Switch (p.u.) (%)

Ksituan River 754S 1104 144 0.990 1.012 2.2 1.005 15
Rycroft 730S 1100 144 1.018 1.041 23 1.033 15
Mowat 2030S 1116 144 1.007 1.029 2.2 1.021 14
Boucher Creek 929S 1102 144 1.035 1.052 1.6 1.046 11
Clairmont Lake 811S 1117 144 1.045 1.059 1.3 1.054 0.9

PV Analysis for additional VAr support with the new line

Voltage stability analysis was performed using the 2026 WP and 2036 WP scenarios based on the VQ
analysis results. With a new 144 kV line from Mowat 2033S to Saddle Hills 865S in service, a 144 kV
10 MVAr, and a 25 kV 7.2 MVAr capacitor bank at Ksituan River 754S, as well as a 10 MVAr capacitor
bank at Rycroft 730S were tested using the 2026 WP scenario as a starting point (Table 6-21 and Table
6-22). The study results show that this combination of voltage support meets the voltage stability
requirement for both 10-year and 20-year planning horizons.

For this PV analysis, Clairmont Lake 811S voltage was maintained at 138 kV or above under Category B
conditions to ensure that the Grande Prairie area VAr requirements did not influence the options
investigated for VAr support in the Study Area.

Table 6-21. Voltage Stability — 2026 WP: 144 kV line plus 10 MVAr and 7.2 MVAr capacitor banks at
Ksituan River 754S and 10 MVAr capacitor bank at Rycroft 730S (min. PV margin = 4.43 MW)

Rycroft 89 MW
(M,m,PV Total
margin is 4.43 Meets
Load .
. MW) 105% . Minimum
Contingency From To Serving
Transfer Capabilit Voltage (p.u.)
Maximum Criteria? | ~2Pablity
Incremental (Mw)
Transfer (MW)
0.70 @ Eureka
N-0 System Normal 72.5 161.0
Y 72 kV
. Wesley Creek 0.70 @ Eureka
9L11 Little Smoky 813S 834S 70.63 Yes 159.13 72 KV
West Peace River . 0.70 @ Eureka
7L75 793S Friedenstal 800S 37.50 126.0 72 KV
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Rycroft 89 MW
(M_'n_PV Total
margin is 4.43 Meets
Load -
. MW) 105% . Minimum
Contingency From To Serving
Transfer Capabilit Voltage (p.u.)
Maximum Criteria? ?\/IW y
Incremental ( )
Transfer (MW)
081 @
7L73 Friedenstal 800S Rycroft 730S 58.75 147.25 .
y Ksituan 144 kV
Clairmont Lake 0.74 @ Eureka
7L68 Rycroft 730S 811S 36.88 125.38 79 kV
Yes
0.76 @ Eureka
7L46 Little Smoky 813S Big Mountain 845S 58.75 147.25 7@; KV
. Clairmont Lake 0.93 @ Eureka
7L32 Little Smoky 813S 811S 18.13 106.63 79 KV

Table 6-22. Voltage Stability — 2036 WP: 144 kV line plus 10 MVAr and 7.2 MVAr capacitor banks at
Ksituan River 754S and 10 MVAr capacitor bank at Rycroft 730S (min. PV margin = 4.6 MW)

Rycroft 96 MW
(M!n PV margin Meets Total Load
. is 4.6 MW) 105% Serving Minimum
Contingency From To L
Maximum Trgnsfer Capability Voltage (p.u.)
Incremental Criteria? (MW)
Transfer (MW)
0.67 @ Eureka
N-0 System Normal 61.25 157.05 72 KV
Little Smoky | Wesley Creek 0.69 @ Eureka
9L11 813S 834S 55.00 150.80 79 KV
West Peace . 0.82 @ Eureka
7L75 River 793S Friedenstal 800S 12.50 108.30 79 KV
Friedenstal 0.87 @
7L73 800S Rycroft 730S 37.50 Yes 133.30 Ksituan 144 KV
Clairmont Lake 0.56 @ Eureka
7L68 Rycroft 730S 811S 40.63 136.43 79 KV
Little Smoky . . 0.81 @ Eureka
7L46 813S Big Mountain 845S 38.13 133.93 72 kv
Little Smoky Clairmont Lake 0.95 @ Eureka
7L32 813S 811S 6.88 102.68 79 KV
December 2017 36 Transmission

R1

File No. RP-05-1784



Engineering Study Report
P1784 Addition of Voltage Support at Rycroft 730S Substation a-eso

Power Flow Analysis for additional VAr support with the new line

For power flow analysis, Clairmont Lake 811S voltage was maintained at 138 kV and above under
Category B conditions to ensure the Grande Prairie area VAr requirements did not influence the options
investigated for VAr support in the Study Area.

2026 Timeframe

Power flow analysis were performed using the 2026 SP and 2026 WP study scenarios, assuming a new
144 kV line was in service between Mowat 2033S and Saddle Hills 865S and that all three capacitor
banks were switched on (i.e., 10 MVAr and 7.2 MVAr capacitor banks at Ksituan River 754S; 10 MVAr
capacitor bank at Rycroft 730S). Power flow diagrams are provided in Attachment B (Opt3-Scenario 2
and Opt3-Scenario 3).

Category A:

No voltage or thermal Reliability Criteria violations were observed under 2026 SP or 2026 WP study
scenarios.

Category B:

No voltage or thermal Reliability Criteria violations were observed under 2026 SP or 2026 WP study
scenarios.

Power flow analysis shows that the addition of a new 144 kV line with 10 MVAr and 7.2 MVAr capacitors
at Ksituan River 754S, as well as a 10 MVAr capacitor bank at Rycroft 730S would be sufficient to reliably
serve the Study Area load for 10 years.

2036 Timeframe

As the Study Area is primarily voltage constrained, power flow analysis was performed to determine if the
identified VAr support is sufficient to address voltage violations in the area for the 2036 WP scenario. For
this scenario, the following components were assumed to be in service:

e new 144 kV line between Mowat 2033S and Saddle Hills 865S
e 10 MVAr and 7.2 MVAr capacitor banks at Ksituan River 754S
e 10 MVAr capacitor bank at Rycroft 730S

Power flow diagrams are provided in Attachment B (Opt3-Scenario 5A).

Category A:

No voltage Reliability Criteria violations were observed under 2036 SP or 2036 WP study scenarios.

Category B:

With the above specified VAr support, the study results show under-voltage and deviation violations at
Eureka River 861S as listed in Table 6-23 and Table 6-24.
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Table 6-23. Category B Voltage Range — 2036 WP: 10 MVAr and 7.2 MVAr at Ksituan River 754S
with 10 MVAr at Rycroft 730S

. Substation Name Bus Nominal Em.ergency Emer.gency Initial Steady
Contingency and Number No KV Minimum Maximum Voltage State
’ Voltage (kV) | Voltage (kV) (kV) (kV)
. Eureka River 861S 1108 72 65 79 715 62.6
7L75 (W. Peace River 793S
— Friedenstal 800S
' ) Hines Creek 7245 | 1107 72 65 79 72.4 64.0

Table 6-24. Category B Voltage Deviation — 2036 WP: 10 MVAr and 7.2 MVAr at Ksituan River 754S
with 10 MVAr at Rycroft 730S

Voltage Deviations for POD Busses Only
Z = S
. . Initial g b =3
Contingenc Substation Name Bus Nominal Voltage £ g < > | = g
gency and Number No. kv 9 > G 2 G 3 3
(kv) c < > < S <
8 O < |0 | S O
[ X % X — X
% g 3
e a
. Eureka River 861S 19108 25 25.9 22.4 134 - - - -
7L75 (W. Peace River
793S — Friedenstal Hines Creek 724S 19107 25 25.8 22.7 12.0 - - - -
800S) -
Friedenstal 800S 19105 25 25.9 23.1 10.7 - - - -

Under the loss of 7L75 (West Peace River 793S to Friedenstal 800S), low steady state transmission
voltages were noted at Eureka River 861S and Hines Creek 724S substations. POD bus post-transient
deviations were noted on 25 kV buses at Eureka River 861S, Hines Creek 724S and Friedenstal 800S, as
7L75 contingency causes the entire load in the Friedenstal area to be supported radially out of Rycroft
730S. These results indicate that additional voltage support would be required in the Friedenstal area for
the loss of 7L75 (West Peace River 793S to Friedenstal 800S). Therefore, a 2.4 MVAr 25 kV capacitor
was added at Eureka River 861S to support voltages in the area with the loss of line 7L75 in the long
term. The study results show that this combination of voltage support can meet the transmission
Reliability Criteria. Power flow diagrams are provided in Attachment B (Opt3-Scenario 4 and
Opt3-Scenario 5). Voltage performance results for the 2036 WP scenario that includes this additional 2.4
MVAr capacitor bank at Eureka River 861S are listed in Table 6-25 and Table 6-26.
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Table 6-25. Category B Voltage Range — 2036 WP: 10 MVAr and 7.2 MVAr at Ksituan River 754S
with 10 MVAr at Rycroft 730S and 2.4 MVAr at Eureka River 861S

. Substation Name Bus Nominal Em.er.gency Emer.gency Initial Steady
Contingency and Number No KV Minimum Maximum Voltage State
' Voltage (kV) | Voltage (kV) (kV) (kV)
7L73 (Rycroft 730S Friedenstal 800S 1105 144 130 155 147.4 156.1
- Friedenstal 800S) | o jenstal 800S | 1106 72 65 79 75.6 80.2

Adding a 2.4 MVAr capacitor bank at Eureka River 861S could cause slightly higher voltages on 144 kV
and 72 kV at Friedenstal area under the loss of 7L73 (Rycroft 730S to Friedenstal 800S). The high
transmission voltage will be managed through TFO overvoltage protection schemes that trip the

Friedenstal 800S capacitor.

Compared to Option 3, Option 1 does not have any adverse impact on the over-voltages at Friedenstal
area under the loss of line 7L73. The reason is that Option 1 proposes the dynamic reactive power device
in the Rycroft area, which will be separated from the Friedenstal area under the contingency of 7L73.

Table 6-26. Category B Voltage Deviation — 2036 WP: 10 MVAr and 7.2 MVAr at Ksituan River 754S
with 10 MVAr at Rycroft 730S and 2.4 MVAr at Eureka River 861S

Voltage Deviations for POD Busses Only

it c < -
. Substation Name Bus Nominal Initial g g < g S g
Contingency Voltage | £ b= o b=t c b=t
and Number No. kv S ] = ] S ]
(kV) - < < ] < =< <
FE1 6 |26 526
@ X 2 S o S

a a o

7L75 (W Peace River Eureka River 861S 19108 25 26.2 23.0 12.2 -

793S — Friedenstal 800S) | jines Creek 724S | 19107 25 260 | 232 | 109 | - - - -

For the loss of 7L75 (West Peace River A793S to Friedenstal 800S), a marginal post-transient voltage
deviation was noted on the 25 kV busses at Eureka River 861S and Hines Creek 724S. Voltage
deviations decreased to below 7% and 5% once the automatic and manual adjustments (respectively)

were made to the system.

Option 3 was further tested from a thermal perspective by adding the capacitor banks identified above for
2036 SP and 2036 WP scenarios. The study results are listed in Table 6-27 and Table 6-28.
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Table 6-27. Category B Thermal Performance — 2036 SP: 10 MVAr and 7.2 MVAr at Ksituan River
754S with 10 MVAr at Rycroft 730S and 2.4 MVAr at Eureka River 861S

Rating” Flow* %
Contingency Overloaded Element (Summer o
(MVA) Loading
MVA)
7L32 (Little Smoky 813S — Clairmont Lake 811S) 81 101
7L46 (Little Smoky 813S — Big Mountain 845S) 84 104
7L45 (Little Smoky 813S — Big Mountain 845S) 7L10 (Rycroft 730S to 83 102
81
7L69 (Goodfare 815S — Elmworth 731S) Mowat 2033S T-tap) 91 108
7L03 (Flyingshot 749S — Elmworth 731S) 92 107
9L11 (Little Smoky 813S — Wesley Creek 834S) 85 100
7L32 (Little Smoky 813S — Clairmont Lake 811S) 106 109
] . - 7L73 (Rycroft 730S to
7L46 (Little Smoky 813S — Big Mountain 845S) Friedenstal 800S) 95 99 101
9L11 (Little Smoky 813S — Wesley Creek 834S) 101 100

*MVA on a 138 kV base

Table 6-28. Category B Thermal Performance — 2036 WP: 10 MVAr and 7.2 MVAr at Ksituan River
754S with 10 MVAr at Rycroft 730S and 2.4 MVAr at Eureka River 861S

Rating” Flow* %
Contingency Overloaded Element (Winter (MVA) Loa(;)in
MVA) 9
7L32 (Little Smoky 813S — Clairmont Lake 811S) 109 113
- . - 7L73 (Rycroft 730S to
7L46 (Little Smoky 813S — Big Mountain 845S) Friedenstal 800S) 95 102 106
7L45 (Little Smoky 813S — Big Mountain 845S) 99 103

*MVA on a 138 kV base

For 2036 SP scenario, N-1 thermal violations were identified on the 7L10 line segment between the
Mowat 2033S T-tap and Rycroft 730S. No thermal violations were observed under N-1 conditions over
the 20-year planning horizon with the line restored to its full thermal rating.

Line 7L73 ratings are currently constrained by the CT limit. Thermal overloads are observed on the line
under the contingencies of 7L32 or 7L46 in the long term. The 7L73 line restoration will be further
investigated when the load has materialized in the area and it is not included in this study scope.

No other voltage or thermal Reliability Criteria violations were observed in the Study Area under 2036 SP
or 2036 WP scenarios.
6.3.3 Summary

To meet the forecast load over the 20-year planning horizon, technical studies were performed to assess
the performance of a new line from Mowat 2033S to Saddle Hills 865S, with additional voltage support in
the Study Area.
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Transmission development for Option 3 comprises of the following system components:

ae€Sso

a new 144 kV transmission circuit between Mowat 2033S and Saddle Hills 865S within

10 years;

a new 144 kV 10 MVAr capacitor bank and a new 25 kV 7.2 MVAr capacitor bank at Ksituan
River 754S, added concurrently with the 144 kV line mentioned above;

a new 144 kV 10 MVAr

capacitor banks at Ksituan 854S and the 144 kV line; and

capacitor bank at Rycroft 730S, added concurrently with the

a new 25 kV 2.4 MVAr capacitor bank at Eureka River 861S in the long term (i.e., between

years 2027 and 2036).

Overall, Option 1 shows relatively better voltage and thermal performance than Option 3 and it requires
less voltage support from the rest of the system. Option 1 is also more economical and does not involve
any new line construction. Option 1 should, therefore, result in less land impact.

6.4 Other Considered Options

A number of other transmission development options were considered with higher Rycroft load forecast
levels, and requests were issued to the TFO to provide the NID cost estimates, as shown in Table 6-29.
Later, the load forecast for the Study Area was reduced. The AESO then worked in collaboration with the

DFO to revise the forecast for the Study Area and consequently these options were discarded.

Table 6-29. Other Transmission Development Options Considered

Rycroft 730S Eureka
Dynamic Rycroft 730S Ksituan 754S .
. . . . . . River 861S
Option Transmission Line Reactive Capacitors Capacitor(s) -
. Capacitors
Power Device (MVAr) (MVAr) (MVAr)
(MVAr)
la NA 60 N/A 10/ 144 kV N/A
2036:
1b NA 50 15/144 kV N/A
4.8/ 25kV
7.2125kV
le NA 40 15/ 144 kV N/A
+4.8/25kV
7.2125kV
1f NA 30 10& 15/ 144 N/A
kv 2036: 4.8/ 25 kV
A new 144 kV circuit' from 10/ 144 KV
2a Rycroft 730S to Clairmont N/A N/A 2.4 /25 kv
Lake 811S 7.2/25kV
A new 14.4kV circuit from 10/ 144 kV
3a Saddle Hills 865S to Mowat N/A 10/ 144 kv 2.4/25kV
2033S 7.2125kV
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6.5 Technical Performance Comparison of Options

ae€Sso

The Study Area is primarily constrained by voltage violations under N-1 conditions. This situation has
arisen because of the length of the 144 kV transmission lines radially serving the area load. From voltage
perspective, with the proposed VAr reinforcement devices, any of the three proposed options could
provide the load serving capability to meet the forecast load in the Study Area for the 20-year planning
horizon. Option 1 would provide the best system performance from a voltage perspective.

6.5.1 Voltage Performance

Overall, Option 1 shows relatively better voltage performance than the other two options (Table 6-30).

Table 6-30. Comparison of Options — Transmission Voltage and POD Bus Information

Rycroft
) Rycroft
Option 7308. 730S . . Eureka River
Total Dynamic 144KV Ksituan River 861S
Option Added Reactive . 754S Capacitor . . Comments
- Capacitor ) Capacitor Size
Capacitive Power : Size (MVAr)
. . Size (MVAr)
MVAr device Size (MVAT)
(MVATr)
No Transmission Criteria Violations
1 54.8 50 N/A 2036: 4.8 MVAr NA S
No POD bus deviations identified
10 MVAr 144 kv Jo36: 2.4 MVA No Transmission Criteria Violations.
12, r i
2 19.6 NA NA 2036 7.2 MVAT In 2.03.6 WP, marglna.ll POD bus
25 K 25kv deviation (post-transient only) was
noted at Eureka River 861S
No Transmission Criteria Violations.
10 MVAr 144 kV 2036: 2.4 MVAr In 2036 WP, marginal POD bus
3 29.6 NA 1x 10 7 2 MVAT 25 KV 25 |V deviation (post-transient only) was
' noted at Eureka River 861S Hines
Creek 724S and Friedenstal 800S
6.5.2 Thermal Performance

o All options indicate that line 7L73 (Friedenstal 800S to Rycroft 730S) overloads due to
clearance and CT limitations in the long term. This line restoration is not included in this
study scope and will be further investigated when the load materializes.

e In the long term, Option 3 would require further clearance mitigation on line 7L10 (Rycroft
730S to Mowat 2033S T-tap) to increase the normal summer rating from 81 MVA to a
minimum rating of 92 MVA on a 138 kV base.
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Table 6-31. Comparison of Options — Thermal Flow

Limiting Branch

Option : _ B
7L10 (Rycroft 730S — Mowat tap) 7L73 (Frledenstiyi?(;?t 73!?>Oosu)cher Creek tap

2036 SP and 2036 WP
for N-1 of 7L46 and 7L32, max flow 109 MVA

2036 SP and 2036 WP
for N-1 of 7L46 and 7L32, max flow 107 MVA

, 2036 SP 2036 SP and 2036 WP
f902r '\l\/ll-\}Aof 7L32, 7145, 7146, 7L69, 7L03 and OL1LL, max flow | (o 1t 21 45 71 46 and 7L32, max flow 109 MVA

*MVA on 138 kV base

The study results also show thermal violations on lines 7L27 (Wesley Creek 834S — West Peace River
793S) and 7L32 (Little Smoky 813S — Clairmont Lake 811S) under various study scenarios. These
constraints are out of this project scope and will be assessed by separate Need Assessment in the future.

6.6 Voltage Recovery Results

A voltage recovery test was conducted for the preferred option. Option 1 passed the voltage recovery test
with the following assumptions:

e Studies using the 2026 WP scenario assumed no additional future enhancement outside the
Study Area (future SVC or similar at or near Clairmont Lake 811S).

e Studies using the 2036 WP scenario with voltage at Clairmont Lake maintained at 138 kV
and above for Category B contingencies.

Plots of the results are provided in Attachment C.

6.7 Short-circuit Analysis

Short-circuit analysis was performed using the 2017 base case to determine the maximum short-circuit
fault levels prior to any transmission system reinforcements. Similar studies were also performed the
preferred transmission development options. Three-phase and single-phase-to-ground fault currents were
calculated. The results of the short-circuit study revealed that all fault levels are below the individual
circuit breaker capabilities. For additional details, see Attachment D.

6.8 Summary of Study Results

The system in the Rycroft area is primarily comprises of a long 144 kV transmission path (approximately
210 km) between Clairmont Lake 811S and West Peace River 793S. This area is primarily constrained by
voltage violations. The objective of this study was to evaluate options for increasing the load serving
capability of the transmission system to reliably serve the forecast load for the Rycroft area over the
20-year planning horizon.
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Option 1

Without any wire reinforcement in the Study Area, dynamic reactive power support in the area is required,
and this is mainly due to the large amount of reactive power requirement of approximately 50 MVAr to
meet the transmission reliability criteria under certain contingency conditions. However, this amount of
reactive power all in forms of capacitor banks at the Rycroft load center will cause normal maximum
voltage violations within and adjacent to the Study Area under system normal conditions. It will also cause
emergency maximum voltage violations throughout the entire Study Area under the contingency of 7L68.
The locations of the reactive power support devices are normally close to the load center, and the
placement of the dynamic VAr support needs to address the voltage violations under the two worst
contingencies in the Study Area: 7L75 and 7L68. With all the factors considered, Rycroft 730S is
recommended to accommodate the 50 MVAr dynamic reactive power device.

Option 2 and 3

Wire solutions were also assessed to meet the forecasted area peak load for the next 20 years. Both
options would also require reactive power support (capacitor banks) in addition to new circuits in the
Study Area.

Comparison of Options

All options meet the objectives of the study and provide the same area reliability with the configurations
tested. The power flow and voltage stability performance on three options were summarized in the
previous sections. Option 1 is recommended as this option has better voltage performance over the other
two options and it requires less voltage support from the rest of the system. This is due to the fact that
even with the added transmission lines under Option 2 or Option 3, there will be a long radial path under
contingency conditions and thus still voltage violations. Option 1 also has better thermal performance
than Option 3. Option 1 is the most economic option and it is superior to other two options in terms of land
impact since it does not involve any new line construction.

A 50 MVAr dynamic reactive power device is able to meet the forecast load for the local area with about
35% growth which is sufficient to address the need in medium term. It also provides the flexibility and
expandability merits to meet the AESO’s 20-year load forecast. Therefore, this study recommends the
transmission development of a 50 MVAr dynamic reactive power addition at Rycroft 730S substation.
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7  Project Interdependencies

There are no other AESO system transmission development projects in flight in or around the Rycroft
area that will impact the need and timing of the need identified in this study. No other AESO transmission
project directly depends on this transmission reinforcement to proceed first. This project is specified by
the load growth milestone of the coincident winter aggregate peak load for the Study Area reaching 75
MW. Once the aggregated peak load for Rycroft area exceeds the existing load serving capability, any
new load connection project(s) in this area could be subject to the interim mitigation measures until the
proposed transmission development option is in place.
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8 Milestones

The studies demonstrate that the identified constraints arise as early as winter 2017 under N-1 conditions
based on the latest load and generation forecast. However, the forecast load growth in the Study Area is
driven by specific projects. While the AESO is reasonably certain that, the Preferred Development Option
is needed in the future, the timing of the ISD for the development is dependent on the specific external
factors (such as the load project ISDs) that are beyond the AESO'’s control. As such, the AESO has
determined it is appropriate to specify milestones.

A load growth milestone is proposed for the Preferred Development Option when the coincident winter
aggregate peak load for the Study Area of 75 MW is reached, as measured at Rycroft 730S, Eureka River
861S, Ksituan River 754S, Boucher Creek 829S, Hines Creek 724S, Friedenstal 800S, and Mowat 2033S
substations.

Finally, the AESO will use operational measures, as necessary, including connection remedial action
schemes, should constraints arise in the area prior to the implementation of the Preferred Development
Option.
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9 Conclusions and Recommendation

The AESO 2015 LTP identifies reliability standards violations, such as voltage and thermal criteria
violations, in the Peace River (Area 19) and Grande Prairie (Area 20) planning areas due to load growth.
As further described in this report, the AESO has since conducted need assessment studies for the local
144 kV and 72 kV transmission network called the Rycroft area and determined the need for transmission
system reinforcement in this area. Planning study results demonstrate that the existing transmission
network in the Study Area does not have sufficient capacity to reliably supply the forecast load growth in
the near term and is prone to voltage violations under a single contingency. This is primarily due to the
length of the 144 kV transmission lines radially feeding the load in the area. Therefore, there is a need for
transmission development in the Study Area to alleviate the identified constraints. The driver of the need
for transmission system development is the forecast load projects in the Study Area. Based on the study
results, timing of the need will be dependent on the load growth in the Study Area reaching 75 MW that
would impact voltage performance in the Rycroft area.

9.1 Options Assessed for the Project

Option 1: Dynamic Reactive Power Support of 50 MVAr
e Dynamic reactive power support of approximately 50 MVAr at the Rycroft 730S substation

Option 2: New 144 kV Circuit from Rycroft 730S to Clairmont Lake 811S Plus Reactive Power
Support

e Anew 144 kV transmission circuit between Rycroft 730S and Clairmont Lake 811S
e Additional VAr support in the form of switched capacitor banks as required
Option 3: New 144 kV Circuit from Mowat 2033S to Saddle Hills 865S Plus Reactive Power Support
e Anew 144 kV line between Saddle Hills 865S and Mowat 2033S
e Additional VAR support of capacitor banks as required

Without any wire reinforcement in the Study Area, dynamic reactive power support is required to meet the
transmission reliability requirements under contingency conditions. The locations of the reactive power
support devices are normally close to the load center, and the placement of the dynamic VAr support
needs to address the voltage violations under the two worst contingencies in the Study Area: 7L75 and
7L68. Adding a large amount of reactive power device at a single substation with a radial feed such as
Ksituan River 754S is not recommended due to incurred losses and constraints on availability of the
reactive power support under certain system operating conditions. Therefore, Rycroft 730S is
recommended for the addition of the 50 MVAr dynamic reactive power device as per Option 1.

Option 2 and Option 3 are wire solutions proposed to meet the forecasted area peak load for the next
20 years. Both options would also require reactive power support (capacitor banks) in addition to new
circuits in the Study Area.

The three short-listed options ensure the transmission Reliability Criteria are met in the Study Area. See
Table 9-1 to compare the transmission reinforcements required for each option.
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Table 9-1. System Reinforcement Options Summary

Rycroft 7.308 Rycroft Ksituan 754S Eureka River Existing Line
. - . Dynamic 730S ) 861S - .
Option Transmission Line . ) Capacitor(s) . Requiring Rating
Reactive Power Capacitors (MVAI) Capacitors Increase
Device (MVAf) (MVAr) (MVAr)
. " Beyond 2026
1 NA 50 NA 2036: 1x 4.8 NA timeframe: 7L73
A new 144 kV circuit from
1x10 2036 :
2 | Rycroft 730S to Clairmont NA NA _ ) . 5%?2::527?73
Lake 811S 2036:1x 7.2 1x24 :
A new 14.4kV circuit from 1x10 2036: Beyond 2026
3 Saddle Hills 865S to NA 1x10 . . timeframe: 7L10
Mowat 2033S 1x7.2 1x24 and 7L73

* 25 kV capacitor located on low side of a local transformer.

9.2 Recommendation

Compared with other options, Option 1 is the Preferred Development Option for the following reasons:
e It has a lower estimated capital cost.

e It has a lower environmental and land use impact because it does not involve any new line
construction.

e It has better voltage performance and requires less voltage support from the rest of the
system.

e It has better thermal performance than Option 3, and similar thermal performance with Option
2.

The preferred transmission development option includes the following system component:
e a 144 kV 50 MVAr Dynamic reactive power support at the Rycroft 730S substation

Based on the study results, the AESO recommends increasing the load serving capability of Rycroft area
by adding a 50 MVAr dynamic reactive power device at the existing Rycroft 730S substation to alleviate
the identified voltage criteria violations. This transmission development is the minimum development
required to address the identified need in the medium term which enables about 35% of the forecast load
growth in the area. It also offers the flexibility and expandability needed to meet the AESQO'’s 20-year load
forecast by adding additional voltage support equipment of 4.8 MVAr capacitor bank at Ksituan River
754S when need arises.

The studies also demonstrate that the identified constraints arise as early as winter 2017 under N-1
conditions based on the latest load and generation forecast. However, the forecast load growth in the
area is driven by a number of connection projects and demand transmission service increases. While the
AESO is reasonably certain that the preferred development option is needed in the future, the timing of
the in-service date for the development will rely on new load and pace of the existing load growth, as well
as new load project ISDs, which are beyond the AESQO'’s control. Therefore, the AESO has determined it
is most appropriate to specify milestones.
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A load growth milestone is proposed for the Preferred Development Option when the coincident winter
aggregate peak load for Rycroft area of 75 MW is reached, as measured at Rycroft 730S, Eureka River
861S, Ksituan River 754S, Boucher Creek 829S, Hines Creek 724S, Friedenstal 800S, and Mowat 2033S
substations.

Finally, the AESO will use operational measures, as necessary, including connection remedial action
schemes, should constraints arise in the area prior to the implementation of the Preferred Development
Option.
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Attachment A: Power Flow Plots — Need
Assessment

Table A-1. Figure Numbers and Contingencies shown in the Plots from the Need Assessment

Figure Study Scenario Study Area Load (MW) Contingency

A-1 1A 75 N-0
A-2 1A 75 oL11
A-3 1A 75 7L75
A-4 1A 75 7L73
A-5 1A 75 7L68
A-6 1A 75 7L10
A-7 1A 75 7132
A-8 1A 75 7L22
A-9 1A 75 7L46
A-10 1A 75 7L45
A-11 1A 75 7L39
A-12 1A 75 7L84
A-13 1A 75 7L03
A-14 1A 75 7L69
A-15 1B 80 N-0
A-16 1B 80 oL11
A-17 1B 80 7L75
A-18 1B 80 7L73
A-19 1B 80 7L68
A-20 1B 80 7L10
A-21 1B 80 7L32
A-22 1B 80 7122
A-23 1B 80 7L46
A-24 1B 80 7L45
A-25 1B 80 7L39
A-26 1B 80 7L84
A-27 1B 80 7L03
A-28 1B 80 7L69
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PROJECT 1784: SCENARIO 2017WP 1A

BASE CASE(N-0)
FIG A-1
THU, NOV 02 2017 17:52

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 75.0 MW
TOTAL FLOW INTO RYCROFT AREA: 80.1 MW
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PROJECT 1784: SCENARIO 2017WP 1A

9L11 (N-1)
FIG A2

THU, NOV 02 2017 17:52

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 75.0 MW
TOTAL FLOW INTO RYCROFT AREA: 79.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1A
7L75 (N-1)
FIG A-3

Bus - Voltage (kV/pu)
THU, NOV 02 2017 17:52

Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 75.0 MW
TOTAL FLOW INTO RYCROFT AREA: 81.5 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1A

7L73 (N-1)
FIG A-4
THU, NOV 02 2017 17:52

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 71.9 MW
TOTAL FLOW INTO RYCROFT AREA: 76.5 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1A

7L68 (N-1)
FIG A5
THU, NOV 02 2017 17:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 75.0 MW
TOTAL FLOW INTO RYCROFT AREA: 83.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1A
7L10 (N-1)

FIG A-6

THU, NOV 02 2017 17:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
-

TOTAL LOAD IN RYCROFT AREA: 23.9 MW
TOTAL FLOW INTO RYCROFT AREA: 25.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1A

7L32 (N-1)
FIG A-7
THU, NOV 02 2017 17:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 75.0 MW
TOTAL FLOW INTO RYCROFT AREA: 82.6 MW
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MERC TAP

P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1A

7L22 (N-1)
FIG A-8
THU, NOV 02 2017 17:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
-

TOTAL LOAD IN RYCROFT AREA: 75.0 MW
TOTAL FLOW INTO RYCROFT AREA: 79.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1A

7L46 (N-1)
FIG A9
THU, NOV 02 2017 17:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 75.0 MW
TOTAL FLOW INTO RYCROFT AREA: 81.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1A

7L45 (N-1)
FIG A-10
THU, NOV 02 2017 17:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 75.0 MW

TOTAL FLOW INTO RYCROFT AREA: 81.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S
PROJECT 1784: SCENARIO 2017WP 1A
7L39 (N-1) TOTAL LOAD IN RYCROFT AREA: 75.0 MW
FIG A-11 Bus - Voltage (kV/pu)

THU, NOV 02 2017 17:53

Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL FLOW INTO RYCROFT AREA: 79.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1A

7L84 (N-1)
FIG A-12
THU, NOV 02 2017 17:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 75.0 MW
TOTAL FLOW INTO RYCROFT AREA: 81.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1A

7L03 (N-1)
FIG A-13
THU, NOV 02 2017 17:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 75.0 MW
TOTAL FLOW INTO RYCROFT AREA: 79.9 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1A

7L69 (N-1)
FIG A-14
THU, NOV 02 2017 17:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 75.0 MW
TOTAL FLOW INTO RYCROFT AREA: 80.3 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1B

BASE CASE(N-0)
FIG A-15
THU, NOV 02 2017 17:55

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 80.0 MW

TOTAL FLOW INTO RYCROFT AREA: 85.5 MW




19108 1108 1085 1090 1.085
44, EUREKAR  EUREKAS éoc4011 PEACE RV MEIKLEL 149.8
2‘2 16 <o olm
- ESTEN tle o|m
< o8 ’§ 51 H(1107 1083 o1 78T 1m L0e
04 4 HINES C81106 1074 149.4 CARMON7 ~ 147.1
3
8 5.1 FRIEDENS ~ 148.2 o,
1040 22050 1088 —( g0 | 12 3%
26.0 725 |10 DAISHOW? 50 WTLTAP 147.9 1082
19107 19 o == WESLY C7
HINES C9 4 7.2 25 89, DONNELL7
<)—0‘3 3 18 22 24 L 1080
0.1 :3 1'0 - ( - 1062 214 WESLY C4
& : —ﬁ 146.5
(1)2 E 1.049 1.074 w0 —{(
: = 724 148.2
19105 04 7L27
1.039 FRIEDEN9 S
%0 %o 19085
Th— ——
<= R L7 PEACE/9 19
11 %S 79| 152 ] &D 1075
<]— . g fos SEAL L
060*-79 0.7 18085 2 1
12 PEACER9 |99 ¢ S J12 D =
: 10.0 0053 % o6 1055 1 1070
50 Pvl 81 14556 1476
L3 %8 1045 2 _‘4.1 >
1.039 35 %61 1.044
260 1105 i %1
FRIEDEN? -
19104
KSIT RV9
1104 15.2
KSTRVT T{> ‘
203 £ 3 50
1102 «
BOUCH C7 19100 17t 2f033 ‘
19102 1100 GEYCROFW 25.8
BOUCH C9 RYCROFT7 : D
v. [se]
29 :} iz 319 L3 1748 3 ii 1ot ‘
<)_ ) : > |~ > 1115 <
0] g6 oo 05 MOWATTAP 7 1 153 S 3 152
<=3 170 RYCROFT 7308 1047 39 85 w3 >
0.2 26.2 7.6
1.041 48 1.020
15.0 7L10 1 1020 1036
55.0 MOWAT1 - 259 ‘
93 -19.1
ol 3 19116
19124 1034 81 MOWAT2
SADDLE 9 142.7 19.0
167 1037 106 95 9L11
83 1432 1042
17 1118 1.048 260
L 4 3 207] POPLARY 1447
=3 us 1o ‘
231 g 207 7| TLe8 1163
e 118 1034 1164 L SMOKY
els 127 Lsmdky?
%‘50(1)6 1124 = 1160 )—
“"SADDLE 7 zl2 BEZANSON ‘
<
I%I(E?SHEQ = 2w 1132 934
7L22 Sl I 313 71
1048 9o QY 117 1,050
144.6 ' CLAR L 144.8 17163 1.090
7L39 —~ LSMOKR1%504
1.047
144.4 1110 1.046 )
MERC TAP 1443 1.135 1.054
391 252.9
P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1B

9L11 (N-1)
FIG A-16

THU, NOV 02 2017 17:55

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 80.0 MW
TOTAL FLOW INTO RYCROFT AREA: 84.7 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

7L75 (N-1)
FIG A-17
THU, NOV 02 2017 17:55

PROJECT 1784: SCENARIO 2017WP 1B

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar

KV >0.000 <=25.000<=69.000 <
-

=240 000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 6.1 MW
TOTAL FLOW INTO RYCROFT AREA: 27.5 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1B

7L73 (N-1)
FIG A-18
THU, NOV 02 2017 17:55

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
-

TOTAL LOAD IN RYCROFT AREA: 76.7 MW
TOTAL FLOW INTO RYCROFT AREA: 82.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S
PROJECT 1784: SCENARIO 2017WP 1B
7L68 (N-1) TOTAL LOAD IN RYCROFT AREA: 69.3 MW
FIG A-19 Bus - Voltage (kV/pu)

THU, NOV 02 2017 17:55

Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
-

TOTAL FLOW INTO RYCROFT AREA: 91.8 MW




19108 1108 1085 1090 1.090

1041
44, EUREKAR  EUREKAS BCO1 - PEACE RV MEIKLEL 1504
220 sy : R
e ——{ -6.6 Lo
< 0.8 —)i :\‘:f' (1107 1.088 N N 1083  1.071
04 BAS HINES C8 1106 1.098 150.2 CARMON 7  147.8
S 51 FRIEDENS 1516
=1 Slm
1060 2078 1088 —( g0 | 1017 3%
267 744 |10 - DAISHOW? 50 WTLTAP 148.6 1082
10107 22 |23 45 o I == WESLY C7
HINES C9 2.7 gjg 4 7.2 25 35, DONNELL7
< )—0‘3 3 18 P 25 3.4 96" 1089
0.1 :3 1'0 Lood - ( e TR 227 WESLY C4
8 : : —{ 147.8
<)% g 1076 | 754 1084 1]
: = 743 1495
19105 - 634 7L27
1.066 FRIEDEN9 S
26 ' 1“3 19085
67— —
<'_ -38.9 L75 PEACE/19 113
34 0.0 2 e 06 267.1
11 | S79 ) © - > 1075
< 06f-7.9 0 g )%“_.10 18085 g [o3 SEAL LK,
Iz =2 Al PEACERY [99 € & |12 > —
. 100 40053 b 06 1058 +° 1075
50 & 8.1 146.1 148.3
L3 238 1055 3 41 >
1.065 16 A P 1.054
26.6 1105 1;19 6 264
FRIEDEN? :
19104
KSIT RV9
1104
KSIT RV7
8
o
1102
19100 o
BOUCH C7 1.033
19102 1100 SF;YCROFTS’ 25.8
BOUCH C9 RYCROFT? }
\v4 [se]
<= G PO i
< X > .
(1)"5‘ S 1'11093 413 W{> l:\L/IIC:)L\?VA'I'I’AP 0 g
5 = . : 7L1 | © éi
S 1.085 4| >
<)—0.2 o6 1509  RYCROFT 730S 108 = 2
15.4 7L10 e 1019 1035
- MOWATL 149 259
s 5 19116
19124 . 3 MOWAT2
SADDLEY 1426 e
16.7 X ¥
— 146.1 L
8.3 1.041
17 1118 1.070 26.0
L 43 207 POPLAR7 1476
=3 1480
230 g 207 ¥ | 7Les 1163
e 17 1033 1164 L SMOKY
~|2 1426 L.smdky?
1.028 & 1160
257 1124 )}__
SADDLE 7 ] = BEZANSON
<t
I%I(E?SHEQ © 2o 732 728
il
7L22 S b I 215 -19.9 612
< < A
1068 2|3 N 1117 1.068 710
147.4 ' CLAR L 1474 17163 1.090
=S 50.4
1.067 7L39 LSMOKR1#
1473 1110 1.065
MERC TAP 147.0 1.043 1.071
360 257.0
P1784 Addition of Reactive Power Support at Rycroft 730S
PROJECT 1784: SCENARIO 2017WP 1B
7L10 (N-1) TOTAL LOAD IN RYCROFT AREA: 25.5 MW
FIG A-20 Bus - Voltage (kV/pu)
TOTAL FLOW INTO RYCROFT AREA: 27.3 MW
THU, NOV 02 2017 17:55 Branch - MW/Mvar

Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
-
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1B

7L32 (N-1)

FIG A-21
THU, NOV 02 2017 17:55

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 80.0 MW
TOTAL FLOW INTO RYCROFT AREA: 88.2 MW
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MERC TAP

P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO
7L22 (N-1)

FIG A-22

THU, NOV 02 2017 17:55

2017WP 1B

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
-

TOTAL LOAD IN RYCROFT AREA: 80.0 MW
TOTAL FLOW INTO RYCROFT AREA: 85.0 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1B
7L46 (N-1)
FIG A-23

THU, NOV 02 2017 17:55

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 80.0 MW
TOTAL FLOW INTO RYCROFT AREA: 87.0 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1B
7L45 (N-1)
FIG A-24

THU, NOV 02 2017 17:55

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 80.0 MW
TOTAL FLOW INTO RYCROFT AREA: 86.7 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1B

7L39 (N-1)
FIG A-25
THU, NOV 02 2017 17:55

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 80.0 MW
TOTAL FLOW INTO RYCROFT AREA: 85.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S
PROJECT 1784: SCENARIO 2017WP 1B
7L84 (N-1) TOTAL LOAD IN RYCROFT AREA: 80.0 MW
FIG A-26 Bus - Voltage (kV/pu)

THU, NOV 02 2017 17:55

Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL FLOW INTO RYCROFT AREA: 87.4 MW




19108 1108 1085 1090 1.086
44, EUREKAR _ EUREKAS é((’:“oll PEACE RV MEIKLE1 149.9
2‘2 07 oo ooy
! "‘i 5 72 5l oo
< 08 s H(lm hogsg R 1083 1.066
04 5t HINES C8 1106 1080 : CARMON7  147.1
& |51 FRIEDENS  149.0
> o™
1048 28057 1088 —( g0 | 12 3%
26.2 729 |70 - DAISHOW? 50 WTLTAP 147.9 1082
19107 19 72 3 @ == WESLY C7
HINES C9 24 gjg 4 7.2 25 08, DONNELL7
03 ) 18 & | 1080
< 01 :3 ' Lo 23 ( 25 1.063 237 WESLY C4
S 10 ! —{ 146.7
<)% g 1056 | 741 1075 246)  p—(
} S
19105 72.9 - 148.3 790 7127
%-604116 FRIEDEN9 3 =1
' o7l ' 19085
< )—3 T 00 . L5 PEACE/9 o
: I—ig Sl 222 o |06 1075 )
~— 0z 12 - e SEAL L
06079 S S8 08 18085 X K74
T =3 ' PEACER9 199 ¢ 3 12 D =
: 10.0 0053 % o6 1056 7 1070
50 . 81 1457 1476
L3 a3 1.045 §4 41 D
1.046 32 %61 Lo7s 1045
26.1 1105 1;18 3 26.1
FRIEDEN? -
19104
KSIT RV9
1104 15.2
KSIT RV7 - T{>
203 £ 3 50
BOUCH C7 19100 16 tx 26047
19102 1100 GEYCROFW 26.2
BOUCH C9 RYCROFT7 : D
\v4 [se]
29 :} iz 407 L3 1748 3 ii 1ot
<)— b=y 61 > : 1115 =
i B b oo FD MOWATTAP 7110 153 S 3 152
— ° y RYCROFT 730S 1.059 35.9 8.5 " -
<)T e 148.1 105 % w3 T{>
15.1 7L10 ute 1% 1050
55.0 MOWAT1 . 26.2
104 -19.0
el B 19116
19124 L1046 8o MOWAT2
SADDLE 9 1444 19.0
16.7 1072 1056 95 9L11
&3] 1479 1.055
17 1118 1.085 264
L 4 3 207] POPLARY 1498
=3 15
230 g 207 © | 7Le8 1163
e 17 1047 1164 L SMOKY
Loat < E 144.4 L.SMAKY7
. < 0
26,0, 124 — 1160 )
SADDLE 7 |2 BEZANSON
o<
HUGHEST 12 o L2 o7
7L22 @2 I 334 210 68.2
100 3|8 8ln 117 1.061 748
146.5 ’ ' CLAR L 146.5 17163 1.090
7L39 —~ LSMOKR1%504
1.068
147.4 110 | 1.060 )
MERC TAP 1463 1.065 1.068
367 256.3
P1784 Addition of Reactive Power Support at Rycroft 730S
PROJECT 1784: SCENARIO 2017WP 1B
7L03 (N-1) TOTAL LOAD IN RYCROFT AREA: 80.0 MW
FIG A-27 Bus - Voltage (kV/pu)

THU, NOV 02 2017 17:55

Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL FLOW INTO RYCROFT AREA: 85.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 2017WP 1B

7L69 (N-1)
FIG A-28
THU, NOV 02 2017 17:55

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 80.0 MW
TOTAL FLOW INTO RYCROFT AREA: 85.8 MW
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ae€Sso

Attachment B: Power Flow Plots — Options

1 through 3

Figure Sc?élrj]gio StUdy(':;er?/? Load Contingency

B-1 1C 100 N-0

B-2 1C 100 9L11

B-3 1C 100 7L75

B-4 1C 100 7L73

B-5 1C 100 7L68

B-6 4A 92 N-0

B-7 4B 96 Base

B-8 4B 96 9L11

B-9 4B 96 7L75

B-10 4B 96 7L73

B-11 4B 96 7L68
Figure Transmission Study_ Study Area Contingency

Option Scenario Load (MW)

B-12 2 1E 85 N-0

B-13 2 1E 85 9L11

B-14 2 1E 85 7L75

B-15 2 1E 85 7L73

B-16 2 1E 85 7L68
B-134 3 1F 80 N-0
B-135 3 1F 80 9L11
B-136 3 1F 80 7L75
B-137 3 1F 80 7L73
B-138 3 1F 80 7L68
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Figure Traré)sprzios:ion Sfé:i?/io Contingency Figure Traré)sprzios:ion Sfé:i?/io Contingency
B-17 1 2 N-0 B-52 1 4 7122
B-18 1 2 oL11 B-53 1 4 7146
B-19 1 2 7L75 B-54 1 4 7L45
B-20 1 2 7L73 B-55 1 4 7L39
B-21 1 2 7L68 B-56 1 4 7L84
B-22 1 2 7L10 B-57 1 4 7L03
B-23 1 2 7L32 B-58 1 4 7L69
B-24 1 2 7122 B-59 1 5 N-0
B-25 1 2 7146 B-60 1 5 oL11
B-26 1 2 7L45 B-61 1 5 7L75
B-27 1 2 7L39 B-62 1 5 7L73
B-28 1 2 7L84 B-63 1 5 7L68
B-29 1 2 7L03 B-64 1 5 7L10
B-30 1 2 7L69 B-65 1 5 71L32
B-31 1 3 N-0 B-66 1 5 7122
B-32 1 3 oL11 B-67 1 5 7146
B-33 1 3 7L75 B-68 1 5 7L45
B-34 1 3 7L73 B-69 1 5 7139
B-35 1 3 7L68 B-70 1 5 7L84
B-36 1 3 7L10 B-71 1 5 7L03
B-37 1 3 7L32 B-72 1 5 7L69
B-38 1 3 7122 B-73 2 2 N-0
B-39 1 3 7L46 B-74 2 2 oL11
B-40 1 3 7L45 B-75 2 2 7L75
B-41 1 3 7L39 B-76 2 2 7L73
B-42 1 3 7L84 B-77 2 2 7L68
B-43 1 3 7L03 B-78 2 2 7L10
B-44 1 3 7L69 B-79 2 2 7L32
B-45 1 4 N-0 B-80 2 2 7122
B-46 1 4 oL11 B-81 2 2 7146
B-47 1 4 7L75 B-82 2 2 7L45
B-48 1 4 7L73 B-83 2 2 7L39
B-49 1 4 7L68 B-84 2 2 7L84
B-50 1 4 7L10 B-85 2 2 7L03
B-51 1 4 7L32 B-86 2 2 7L69
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Figure Traré)sprzios:ion Sfé:i?/io Contingency Figure Traré)sprzios:ion Sfé:i?/io Contingency
B-87 2 3 N-0 B-122 2 5 7L75
B-88 2 3 oL11 B-123 2 5 7L73
B-89 2 3 7L75 B-124 2 5 7L68
B-90 2 3 7L73 B-125 2 5 7L10
B-91 2 3 7L68 B-126 2 5 7L32
B-92 2 3 7L10 B-127 2 5 7122
B-93 2 3 7L32 B-128 2 5 7146
B-94 2 3 7122 B-129 2 5 7L45
B-95 2 3 7146 B-130 2 5 7L39
B-96 2 3 7L45 B-131 2 5 7L84
B-97 2 3 7L39 B-132 2 5 7L03
B-98 2 3 7L84 B-133 2 5 7L69
B-99 2 3 7L03 B-139 3 2 N-0
B-100 2 3 7L69 B-140 3 2 9L11
B-101 2 5A N-0 B-141 3 2 7L75
B-102 2 5A oL11 B-142 3 2 7L73
B-103 2 5A 7L75 B-143 3 2 7L68
B-104 2 5A 7L73 B-144 3 2 7L32
B-105 2 5A 7L68 B-145 3 2 7122
B-106 2 4 N-0 B-146 3 2 7146
B-107 2 4 9L11 B-147 3 2 7L45
B-108 2 4 7L75 B-148 3 2 7L39
B-109 2 4 7L73 B-149 3 2 7L84
B-110 2 4 7L68 B-150 3 2 7L03
B-111 2 4 7L10 B-151 3 2 7L69
B-112 2 4 7L32 B-152 3 2 NewLine_Opt3
B-113 2 4 7122 B-153 3 2 7L10_Opt3
B-114 2 4 7L46 B-154 3 3 N-0
B-115 2 4 7L45 B-155 3 3 oL11
B-116 2 4 7L39 B-156 3 3 7L75
B-117 2 4 7L84 B-157 3 3 7L73
B-118 2 4 7L03 B-158 3 3 7L68
B-119 2 4 7L69 B-159 3 3 7L32
B-120 2 5 N-0 B-160 3 3 7122
B-121 2 5 9L11 B-161 3 3 7L46
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Figure Traré)sprzios:ion Sfé:i?/io Contingency Figure Traré)sprzios:ion Sfé:i?/io Contingency
B-162 3 3 7L45 B-197 3 5 7L45
B-163 3 3 7L39 B-198 3 5 7L39
B-164 3 3 7L84 B-199 3 5 7L84
B-165 3 3 7L03 B-200 3 5 7L03
B-166 3 3 7L69 B-201 3 5 7L69
B-167 3 3 NewLine_Opt3 B-202 3 5 NewLine_Opt3
B-168 3 3 7L10_Opt3 B-203 3 5 7L10_Opt3
B-169 3 5A N-0
B-170 3 5A oL11
B-171 3 5A 7L75
B-172 3 5A 7L73
B-173 3 5A 7L68
B-174 3 4 N-0
B-175 3 4 9L11
B-176 3 4 7L75
B-177 3 4 7L73
B-178 3 4 7L68
B-179 3 4 7L32
B-180 3 4 7122
B-181 3 4 7L46
B-182 3 4 7L45
B-183 3 4 7L39
B-184 3 4 7L84
B-185 3 4 7L03
B-186 3 4 7L69
B-187 3 4 NewlLine_Opt3
B-188 3 4 7L10_Opt3
B-189 3 5 N-0
B-190 3 5 oL11
B-191 3 5 7L75
B-192 3 5 7L73
B-193 3 5 7L68
B-194 3 5 7L32
B-195 3 5 7122
B-196 3 5 7L46
December 2017 Transmission
R1 File No. RP-05-1784
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 1C
BASE CASE(N-0)

FIG B-1

FRI, NOV 03 2017 10:59

Bus - Voltage (kV/pu)
Branch - MVA/% Rate A
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 100.0 MW
TOTAL FLOW INTO RYCROFT AREA: 108.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 1C

9L11 (N-1)
FIG B-2

FRI, NOV 03 2017 10:59

Bus - Voltage (kV/pu)

Branch - MVA/% Rate A

Equipment - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 100.0 MW
TOTAL FLOW INTO RYCROFT AREA: 107.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 1C
7L75 (N-1)

FIG B-3

FRI, NOV 03 2017 10:59

Bus - Voltage (kV/pu)
Branch - MVA/% Rate A
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 100.0 MW
TOTAL FLOW INTO RYCROFT AREA: 110.5 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 1C
7L73 (N-1)

FIG B-4

FRI, NOV 03 2017 10:59

Bus - Voltage (kV/pu)
Branch - MVA/% Rate A
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 95.8 MW
TOTAL FLOW INTO RYCROFT AREA: 103.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784: SCENARIO 1C
7L68 (N-1)

FIG B-5

FRI, NOV 03 2017 10:59

Bus - Voltage (kV/pu)
Branch - MVA/% Rate A
Equipment - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 100.0 MW
TOTAL FLOW INTO RYCROFT AREA: 116.2 MW
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P1784 Addition of Reactive Power Su556ort at Rycroft 730S

PROJECT 1784: SCENARIO 4A

BASE CASE(N-0)
FIG B-6

FRI, NOV 03 2017 11:30

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 92.0 MW
TOTAL FLOW INTO RYCROFT AREA: 103.8 MW




BASE CASE(N-0)
FIG B-7

FRI, NOV 03 2017 11:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar

Equipment - MW/Mvar

100.0%Rate B
1.0940V

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
-
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P1784 Addition of Reactive Power Support at Rycroft 730S
PROJECT 1784: SCENARIO 4B

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 106.8 MW
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P1784 Addition of Reactive Power Surz)d'ﬁort at Rycroft 730S

PROJECT 1784: SCENARIO 4B
9L11 (N-1)

FIG B-8

FRI, NOV 03 2017 11:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B
1.1500V

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 104.7 MW
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P1784 Addition of Reactive Power Suffﬁort at Rycroft 730S

PROJECT 1784: SCENARIO 4B
7L75 (N-1)

FIG B-9

FRI, NOV 03 2017 11:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B
1.1500V

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 106.8 MW
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P1784 Addition of Reactive Power Suf)sﬁort at Rycroft 730S

PROJECT 1784: SCENARIO 4B
7L73 (N-1)

FIG B-10

FRI, NOV 03 2017 11:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B
1.1500V

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 91.7 MW
TOTAL FLOW INTO RYCROFT AREA: 98.5 MW
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P1784 Addition of Reactive Power Suf)zﬁort at Rycroft 730S

PROJECT 1784: SCENARIO 4B
7L68 (N-1)

FIG B-11

FRI, NOV 03 2017 11:53

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B
1.1500V

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 112.9 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 1E
BASE CASE(N-0)

FIG B-12

TUE, NOV 07 2017 10:17

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 85.0 MW
TOTAL FLOW INTO RYCROFT AREA: 90.7 MW




19108 1108

1085

EUREKA R 1041 1090 1.083
50 EUREKA 8 BooL PEACE RVycikLEL 1105
ﬂ 25 c
viiv -
4 09 ,% 50 —4(1107 1077 122 213 3% s 1057
04 2 7t &2 HINES C81106 1030 148.6 ' "| CARMON7 1459
g 11059
g 5.9 FRIEDENS 1422 FRIED_144CAP G
s = —( 850 | 1064 =@
14002 146 146 1088 . =
0.999 so1 179 1030 DAISHOW7 WTLTAP 146.8 1082
250 08 " 1150 == WESLY C7
19107 : g5, DONNELLT
HINES 93 1080
< gi ‘? 1? 787 1036 256 WESLY C4
. g . 1429
6] 2 1.006 1047 168]  =——1(
< )— = 69.4 1444
09 19105 sw -103.8 (=4
1003 FRIEDEN9 = —( 51 —
25.1 7.4 19085
< 1 815 L75 PEACE/9 1066
' 19.0 2 &D 1075
* 18085 & fo3 SEAL LKg
12+-86 2 4
< i 5 PEACER9 [[99 § oS 12 D 05
91105 M 9.9 V9954 ¢a 0.6 1068 7% 1.061
FRIED_25CAP 8.1 147.3 146.5
00 o 7L73 647 et B 1>
pmm——"l 2% 1000 35 vy =0 o 1014
g 25.0 1105 1;15 0 25.4
o FRIEDEN? :
250 19104
KSIT RVO
1104 14.7
KSIT RV7 5 T{> ‘
199 ¢ 3 5.1 D
1102 ¢
19102 BOUCH C7 19100 e RO 25988 ‘
BOUCH C9 1100 RYCROFT9 ) 00 %o 247
RYCROFT7 78 125 ETT)
3.1 _( > 0.963
=R 36 L3 39 1329 2 18104
L5 |3 g1 80 92 ¢~ A 115 3 KSIT RV8
. - <
g oo B T e 7L10 162 5 3 162
4001 y RYCROFT 730S 0.996 36.5 9.2 < —( >
144 1408 0 24.9 72 . 3 8.1
7L1 ’ .
-56.6 w16 1329 0.984
! MOWAT1L 246
34 -20.0
071 o 19116
10124 0.973 42 0979 Ly MOWAT2
SADDLE 9134.3 47 1351 wee 20.0
205 ) 0.0 ] R 10.0 9L11
—10.2 J 13.2 -13.2 0.991
0.979
20 1118 0.987 0979 28
5 v)  254] POPLART z|J 1362 0993 o
. > 2R .
28] & 3 13 54 1370 | 7168 New Line ) QTG4 1163 ‘
] S T ) 0.979 1164 L SMOKY
© 135.1 135.1 L.SMAKY7
0980 1124 b
24.5 SADDLE7 e 1160 )F— ‘
O
085 s - BEZANSON
7L32
HUGHES?
7L22 w2 gy 1123 |
olo iR -35.9' -11.9
s == 2= Sl 1.002 1.063
0,992 1000 2|10 8|S 0998 117 1383 17163 1407
1369 1380 MERC TAP 4378 CLAR L LSMOKR17
- 7L3!
— = ) 1.055
e
gl= 1019 253.1
| 351

99

/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 1E
9L11 (N-1)

FIG B-13

TUE, NOV 07 2017 10:17

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 85.0 MW
TOTAL FLOW INTO RYCROFT AREA: 89.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 1E
7L75 (N-1)

FIG B-14

TUE, NOV 07 2017 10:17

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD
TOTAL FLOW

IN RYCROFT AREA: 85.0 MW
INTO RYCROFT AREA: 45.1 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 1E
7L73 (N-1)

FIG B-15

TUE, NOV 07 2017 10:17

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 81.5 MW
TOTAL FLOW INTO RYCROFT AREA: 51.3 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 1E
7L68 (N-1)

FIG B-16

TUE, NOV 07 2017 10:17

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 85.0 MW
TOTAL FLOW INTO RYCROFT AREA: 87.7 MW
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P1784 Addition of Reactive Power Surz)sr?ort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

BASE CASE(N-0)
FIG B-17

FRI, NOV 03 2017 16:03

Bus - Voltage (kV/pu)
Branch - MW/Mvar

Equipment - MW/Mvar
100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 77.5 MW

TOTAL FLOW INTO RYCROFT AREA: 85.3 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000
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P1784 Addition of Reactive Power Surz)ﬁﬁort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

9L11 (N-1)
FIG B-18
FRI, NOV 03 2017 16:03

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 77.5 MW

TOTAL FLOW INTO RYCROFT AREA: 84.9 MW
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P1784 Addition of Reactive Power Surz)ﬁﬁort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

7L75 (N-1)
FIG B-19
FRI, NOV 03 2017 16:03

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 85.2 MW




19108

1108

1085

1041 1090 1.104
35, EUREKAR  EUREKAS fract . PEACE RVycikLE] 1523
ﬂ 19 '
VY ——{ 6.7 Nt~
0.7 (1107 1.103 S0 &N 1083 100
03] 2 7t en HINES C8 1106 1.140 1522 "| cARMON7 1505
= g 11059
S 45 FRIEDENS  157.3 FRIED_144CAP
- 0.0 -0.0_SwW / —
1125 3154 om0 —( 80 | 103 |
28.1 79.6 '36-29 0 8 140 DAISHOW? 150 WT|TAP 150.9 \1/\(/)§§LY .
19107 : 703 ~ 35 =
03, HINESCO 37 8 BE%*H e 22,6, DONNELLT 1080
N V. (=] K ~ . R
< 02— :3 iz 15 36 20 1085 21 WESLY C4
ig g 1147 ‘ 1.086 ' wo|  f—i(
! : 792 149.9
< 19105 alo 542 7L27
;-71%4 FRIEDEN9 ‘ s|3 T
< 19085
28 137 L75 PEACE/S 1125
10 00 @ 05 2700
< '— 00 o SSes| B9 I _( > 1075
05, . T8 S fo3 SEALL
6.6 Smt 23 18085 8 9
27 ) PEACE/29 |81 £ S J10 D o
g 8.1 v81l43 ¢a 05 1081 Y 1092
sw m : 66 149.1 150.7
N . Lo 8 >
1115 266 1.067
27.9 ‘ 1105 1;51103 26.7
FRIEDEN? :
19104
KSIT RV9
1104 15.4
‘ KSITRV7 % ?{>
205 ¢ 3 50 D
1102 y
BOUCH C7 J 19100 %s?‘?%ANchP 1.9 A 215-046
19102 . 1100 4IZ‘(CROFTQ ) SW_-0.0 0.0 26.2
BOUCH C9 RYCROFT7 : L2142 a2
V3 7L73 22 D 1402 2 18104
(=]
< o3 _ g for 115 S KSIT RV8
g L1082 >3 g:A = Jos D MOWATTAP - ;0 151 & 3 151
<13 uss  RYCROFT730S |* 1043 3.0 84 =3 >
1.040 26.1 o1 76
15.0 991100 7L10 1116 1.016 1044
ALT1SVC 559 MOWATL 140.2 %1
1.009 198
139.2 }__ 84 8 19116
19124 ) e — 1.030 133 1& MOWAT2
- - 142.1
SADDLE 9 11168 0 19.8
205 1040 sw_ot”"A = | 04 99 9L11
10.2 ) ) -146 14.6 -14.6 1.048
20 1118 1.022 1050 26.2
ol v]  254] POPLAR7 141.1 1040 e
2 53 B, 1435 | 7168 sw_HOWAT_EA] 1163
S = ) 9.7 9.7 9.7
o 150 T 27 1030 1164 L SMOKY
=9 1421 1421 L.smdky7
1031 1124 5
258 SADDLE7 = 60 —
1086 g|= BEZANSON
HUGHES? 7122 7L32 32
108.3 130.2 245
o5 -47.1 7.1 -60.9
8|
—r s 1.034 1.090
1027 1034 S|d b= l 1117 1426 17163 1904
) 142.7 ' CLAR L LSMOKR17
1418 7139 o
= !
1110 1.032 261.1
MERCTAP | 1425 1.042

P1784 Addition of Reactive Power Suf)sﬁort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

7L73 (N-1)
FIG B-20
FRI, NOV 03 2017 16:03

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 73.9 MW
TOTAL FLOW INTO RYCROFT AREA: 79.1 MW
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P1784 Addition of Reactive Power Suf)sﬁort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2
7L68 (N-1)
FIG B-21

FRI, NOV 03 2017 16:03

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 86.3 MW
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P1784 Addition of Reactive Power Suﬁsﬁort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

7L10 (N-1)
FIG B-22

FRI, NOV 03 2017 16:03

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 22.2 MW
TOTAL FLOW INTO RYCROFT AREA: 25.9 MW
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P1784 Addition of Reactive Power Suf)ﬁr())ort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

7L32 (N-1)
FIG B-23
FRI, NOV 03 2017

16:03

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 90.2 MW
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P1784 Addition of Reactive Power Suﬁsﬁort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

7122 (N-1)
FIG B-24
FRI, NOV 03 2017 16:03

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 84.2 MW
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P1784 Addition of Reactive Power Surz)ﬁﬁ)ort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

7L46 (N-1)
FIG B-25
FRI, NOV 03 2017

16:04

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 88.4 MW
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P1784 Addition of Reactive Power Surz)spsort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

7L45 (N-1)
FIG B-26
FRI, NOV 03 2017

16:04

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 87.8 MW
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P1784 Addition of Reactive Power Surz)sﬁort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

7L39 (N-1)
FIG B-27
FRI, NOV 03 2017 16:04

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 84.0 MW
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P1784 Addition of Reactive Power Surz)sﬂort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

7L84 (N-1)
FIG B-28

FRI, NOV 03 2017 16:04

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 87.4 MW
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P1784 Addition of Reactive Power Surz)sﬁort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

7L03 (N-1)
FIG B-29
FRI, NOV 03 2017 16:04

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 85.0 MW
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P1784 Addition of Reactive Power Surz)sﬂort at Rycroft 730S

PROJECT 1784 OPT1: 2026SP SCENARIO 2

7L69 (N-1)
FIG B-30
FRI, NOV 03 2017

16:04

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 85.7 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000
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P1784 Addition of Reactive Power Sugﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP
BASE CASE(N-0) TOTAL LOAD IN RYCROFT AREA: 88.6 MW
FIG B-31 Bus - Voltage (kV/pu)
FRI, NOV 03 2017 16:05 Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

TOTAL FLOW INTO RYCROFT AREA: 98.0 MW

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=
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P1784 Addition of Reactive Power Suﬁsﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP
9L11 (N-1) TOTAL LOAD IN RYCROFT AREA: 88.6 MW

FIG B-32 Bus - Voltage (kV/pu)

FRI, NOV 03 2017 16:05 Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

TOTAL FLOW INTO RYCROFT AREA: 97.7 MW

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=
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P1784 Addition of Reactive Power Suﬁoﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP
7L75 (N-1) TOTAL LOAD IN RYCROFT AREA: 88.6 MW
FIG B-33 Bus - Voltage (kV/pu)
FRI, NOV 03 2017 16:05 Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

TOTAL FLOW INTO RYCROFT AREA: 98.5 MW

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=
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P1784 Addition of Reactive Power Suﬁsﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP

7L73 (N-1)
FIG B-34
FRI, NOV 03 2017 16:05

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 84.9 MW
TOTAL FLOW INTO RYCROFT AREA: 91.2 MW
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P1784 Addition of Reactive Power Sugﬁ)ort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP

7L68 (N-1)
FIG B-35
FRI, NOV 03 2017 16:05

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 100.0 MW
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P1784 Addition of Reactive Power Suﬁigort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP
7L10 (N-1)
FIG B-36

FRI, NOV 03 2017 16:05

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

K\:>0.000 <=25 000 <=|

69,000 ==1.38 000 <=240.000 <=500,000
-

TOTAL LOAD IN RYCROFT AREA: 30.3 MW
TOTAL FLOW INTO RYCROFT AREA: 35.0 MW
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P1784 Addition of Reactive Power Suﬁsﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP

7L32 (N-1)

FIG B-37
FRI, NOV 03 2017 16:05

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 104.0 MW
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P1784 Addition of Reactive Power Suﬁﬁﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP

7L22 (N-1)
FIG B-38
FRI, NOV 03 2017 16:05

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
-

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 96.9 MW
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P1784 Addition of Reactive Power Suﬁsﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP

7L46 (N-1)
FIG B-39
FRI, NOV 03 2017

16:05

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 102.0 MW
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P1784 Addition of Reactive Power Suﬁsﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP

7L45 (N-1)

FIG B-40
FRI, NOV 03 2017 16:05

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 88.6 MW

TOTAL FLOW INTO RYCROFT AREA: 101.2 MW
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P1784 Addition of Reactive Power SuBS}i?ort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP
7L39 (N-1)
FIG B-41

FRI, NOV 03 2017 16:05

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 96.4 MW
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P1784 Addition of Reactive Power Sugﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP

7L84 (N-1)
FIG B-42
FRI, NOV 03 2017 16:05

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 101.0 MW
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P1784 Addition of Reactive Power Suﬁeﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP
7L03 (N-1) TOTAL LOAD IN RYCROFT AREA: 88.6 MW

FIG B-43 Bus - Voltage (kV/pu) :
FRI. NOV 03 2017 16:05 Branch - MW/Myar TOTAL FLOW INTO RYCROFT AREA: 97.7 MW

Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=
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P1784 Addition of Reactive Power Suf%ort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 3 2026WP

7L69 (N-1)
FIG B-44
FRI, NOV 03 2017 16:05

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 98.6 MW
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P1784 Addition of Reactive Power Suffﬁ)ort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP
BASE CASE(N-0)

FIG B-45

FRI, NOV 03 2017 16:06

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 95.3 MW
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P1784 Addition of Reactive Power Surz)gﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP
9L11 (N-1)
FIG B-46

FRI, NOV 03 2017 16:06

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar

100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 83.8 MW

TOTAL FLOW INTO RYCROFT AREA: 99.7 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000
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P1784 Addition of Reactive Power Suﬁoﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP

7L75 (N-1)
FIG B-47
FRI, NOV 03 2017

16:06

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 83.8 MW

TOTAL FLOW INTO RYCROFT AREA: 93.0 MW
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P1784 Addition of Reactive Power Suf)gﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP

7L73 (N-1)
FIG B-48

FRI, NOV 03 2017 16:06

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 79.5 MW
TOTAL FLOW INTO RYCROFT AREA: 85.2 MW
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P1784 Addition of Reactive Power Surz)ﬁpsort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP

7L68 (N-1)
FIG B-49
FRI, NOV 03 2017 16:06

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 93.9 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000




19108 1108 1085
53, EUREKAR  EUREKAB o PEACE RV c i n 10
. 23 :
2.7 c
VIV -10.5 oy e~
4 09 4,%': 62 —4(1107 1055 gly sils w8 1om
04f 3 ¢ g2 HINES C8 1106 1.065 : CARMON 7 148.1
3 3 11059
2 -6.2 FRIEDEN8  146.9 00 00 SERIED_144CAP T
1048 < o3 156 15.5'-1? S L 1088 ( 850 A
26.2 71.0 ('39;10 03 ] 146.9 DAISHOW? 1150 WTLTAP 1486 \1I\(I)I§§LY c7
19107 - 93 3 T
o107 =SB0 40 246, DONNELLT
0.4 78 E 57 1080
<)T 23 21 3 05 05" | oes 333 WESLY C4
92 =3 16 1.065 146.8 189 _{(
:J 2 5 1034 | 735 1.083 :
. - 713 149.5 7L27
19105 o -112.3
1.040 FRIEDENS 213 e (
26.@ « LS 00 59.6
34 7L75 19085 1115
00 I ik PEACE/19 %77
11 ' 2 I179 « [o5 '
- L 1075
] os]. 00 ® 2 fos > SEALL
191105 7.8 S -0.8 18085 = 4.9
FRIED_25CAP 73 — ) PEACE29 |91 EL s ji D 18.1
. TNy o
sw 0.0 4.6 74 ’ '
)y EX 00 773 552 1040 3 37 >
52 52 -0.9 262 -
1.042 : Lo78 1.049
002 2.1 1105 1487 %2
FRIEDEN? :
19104
KSIT RV9
1104
KSITRV & —{>
1102
19100 e o 1.048
19102 BOUCH C7 1100 RYCROFTY Y remuAeAr 262
BOUCH C9 RYCROFT7 65 D W on2
a7 (v43 503 7L73 32 139.7 g 18104
- ) = 1.0 S KSIT RV8
< )— 2 |- 76 > 1115 s
o6 < Bt 12 E‘AH 05 MOWATTAP 71 19 —g*ii B
<'T Loz 1455 RYCROFT 730S ’ %.6013 R — e
148 991100 7L10 1116 1.012 1040
ALT1SVC MOWAT1 139.7 26 0
1011 — '
139.6 000___| — — 19116
0.0 -0.0
19124 o350 %ﬁzi g MOWAT2
SADDLE 9 ’ vowarcae | &
236 o 32 1.030 sw - 9L11
8] a2 ] w21 )y, 1.038
23 1118 1.026 1028 26.0
L= vl 260 POPLAR7 1416
1.2 - :3 o5 1.030 11169
g . -292 1421 7L68 ) MOWAT_CAH 1163
S SEE 1023 1023 1164 L. SMOKY
. o ; 1412 1412 L.SMAKY7
1048 1124 N
262 SADDLE 7 =& 1160 )
gl= BEZANSON
1086 7L32
HUGHEST 7L32
7L22 77,3| 926 -106.6
2o 213 134 -320
23
S - O = 1.052 1.100
Lo% 1048 3|3 23 1117 1451 17163 1518
19 1446 CLAR L LSMOKR17
} 739 L 1.088
1110 1.045 261.1
MERC TAP 144.2 Loz

P1784 Addition of Reactive Power Suﬁﬁﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP

7L10 (N-1)
FIG B-50
FRI, NOV 03 2017 16:06

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 28.5 MW
TOTAL FLOW INTO RYCROFT AREA: 35.6 MW
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P1784 Addition of Reactive Power Surz)gﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP

7L32 (N-1)
FIG B-51

FRI, NOV 03 2017 16:06

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 102.3 MW
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P1784 Addition of Reactive Power Suﬁﬁﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP

7122 (N-1)
FIG B-52
FRI, NOV 03 2017

16:06

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 83.8 MW

TOTAL FLOW INTO RYCROFT AREA: 93.7 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000
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P1784 Addition of Reactive Power Surz)gﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP
7L46 (N-1)

FIG B-53

FRI, NOV 03 2017 16:06

Bus - Voltage (kV/pu)

Branch - MW/Mvar

Equipment - MW/Mvar

100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 100.0 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000
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P1784 Addition of Reactive Power Sur3)7p80rt at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP

7L45 (N-1)
FIG B-54

FRI, NOV 03 2017 16:06

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 83.8 MW

TOTAL FLOW INTO RYCROFT AREA: 99.0 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000
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P1784 Addition of Reactive Power Surz)sr?ort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP

7L39 (N-1)
FIG B-55

FRI, NOV 03 2017 16:07

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 93.2 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000
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P1784 Addition of Reactive Power Suffﬁ)ort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP

7L84 (N-1)
FIG B-56

FRI, NOV 03 2017 16:07

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 98.2 MW
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P1784 Addition of Reactive Power Surz)ﬁﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP

7L03 (N-1)
FIG B-57
FRI, NOV 03 2017

16:07

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 94.9 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000
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P1784 Addition of Reactive Power Suffﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 4 2036SP

7L69 (N-1)
FIG B-58

FRI, NOV 03 2017 16:07

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 83.8 MW

TOTAL FLOW INTO RYCROFT AREA: 96.0 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000
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P1784 Addition of Reactive Power Suﬁeﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP

BASE CASE(N-0)
FIG B-59
TUE, NOV 07 2017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 108.9 MW
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P1784 Addition of Reactive Power Sugﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP

9L11 (N-1)
FIG B-60
TUE, NOV 07 2017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 111.2 MW
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P1784 Addition of Reactive Power Suﬁoﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP

7L75 (N-1)
FIG B-61
TUE, NOV 07 2017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 107.8 MW
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P1784 Addition of Reactive Power Suﬁsﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP

7L73 (N-1)
FIG B-62
TUE, NOV 07 2

017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 91.7 MW

TOTAL FLOW INTO RYCROFT AREA: 98.8 MW
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P1784 Addition of Reactive Power Suﬁ%ort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP
7L68 (N-1)
FIG B-63

TUE, NOV 07 2017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar

Equipment - MW/Mvar

100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 109.2 MW
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P1784 Addition of Reactive Power Suﬁ%ort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP

7L10 (N-1)
FIG B-64
TUE, NOV 07 2017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
-

TOTAL LOAD IN RYCROFT AREA: 37.6 MW
TOTAL FLOW INTO RYCROFT AREA: 45.0 MW
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P1784 Addition of Reactive Power Sugﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP

7L32 (N-1)
FIG B-65
TUE, NOV 07 2017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 116.9 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S
PROJECT 1784 OPT1: SCENARIO 5 2036 WP
7L22 (N-1) TOTAL LOAD IN RYCROFT AREA: 96.0 MW
FIG B-66

TUE, NOV 07 2017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
-

TOTAL FLOW INTO RYCROFT AREA: 107.2 MW
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P1784 Addition of Reactive Power Suﬁsﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP
7L46 (N-1) TOTAL LOAD IN RYCROFT AREA: 96.0 MW
FIG B-67 Bus - Voltage (kV/pu)
TUE, NOV 07 2017 9:51 Branch - MW/Mvar

Equipment - MW/Mvar
100.0%Rate B

TOTAL FLOW INTO RYCROFT AREA: 114.5 MW

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=
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P1784 Addition of Reactive Power Sugﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP
7L45 (N-1)
FIG B-68

TUE, NOV 07 2017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 113.4 MW
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P1784 Addition of Reactive Power Suf%ort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP

7L39 (N-1)
FIG B-69
TUE, NOV 07 2017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 106.2 MW
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P1784 Addition of Reactive Power Suﬁeﬁ)ort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP
7L84 (N-1) TOTAL LOAD IN RYCROFT AREA: 96.0 MW
FIG B-70 Bus - Voltage (kV/pu)
TUE, NOV 07 2017 9:51 Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

TOTAL FLOW INTO RYCROFT AREA: 113.0 MW

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=
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P1784 Addition of Reactive Power Su556ort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP

7L03 (N-1)
FIG B-71

TUE, NOV 07 2017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 108.4 MW
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P1784 Addition of Reactive Power Suﬁeﬁort at Rycroft 730S

PROJECT 1784 OPT1: SCENARIO 5 2036WP

7L69 (N-1)
FIG B-72
TUE, NOV 07 2017 9:51

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

KV. >0.000 <=25.000<=69.000 =222 000 <=240.000 <=500.000
=

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 109.7 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 2 2026SP

BASE CASE(N-0)
FIG B-73

TUE, NOV 07 2017 9:57

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 85.3 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 2 2026SP

9L11 (N-1)
FIG B-74
TUE, NOV 07 2017 9:57

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 84.9 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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v P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 2 2026SP

7L75 (N-1)
FIG B-75
TUE, NOV 07 2017 9:57

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 82.1 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 2 2026SP

7L73 (N-1)
FIG B-76

TUE, NOV 07 2017 9:57

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 73.9 MW
TOTAL FLOW INTO RYCROFT AREA: 77.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 2 2026SP
7L68 (N-1)

FIG B-77

TUE, NOV 07 2017 9:57

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 85.4 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 2 2026SP

7L10 (N-1)
FIG B-78
TUE, NOV 07 2017 9:57

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 22.2 MW
TOTAL FLOW INTO RYCROFT AREA: 26.0 MW
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PROJECT 1784 OPT2: SCENARIO 2 2026SP

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
7L32 (N'l) Bus - Voltage (kV/pu)

FIG B-79 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 90.5 MW
TUE, NOV 07 2017 9:57 Equipment - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 2 2026SP

7L22 (N-1)
FIG B-80

TUE, NOV 07 2017 9:57

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 84.2 MW
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PROJECT 1784 OPT2: SCENARIO 2 2026SP

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
7L46 (N'l) Bus - Voltage (kV/pu)

FIG B-81 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 88.5 MW
TUE, NOV 07 2017 9:57 Equipment - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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99

PROJECT 1784 OPT2: SCENARIO 2 2026SP

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
7L45 (N'l) Bus - Voltage (kV/pu)

FIG B-82 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 87.9 MW
TUE, NOV 07 2017 9:57 Equipment - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 2 2026SP

7L39 (N-1)
FIG B-83
TUE, NOV

07 2017 9:57

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 84.4 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 2 2026SP

7L84 (N-1)
FIG B-84
TUE, NOV 07 2017 9:57

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 87.5 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 2 2026SP
7L03 (N-1)
FIG B-85

TUE, NOV 07 2017 9:57

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 85.0 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 2 2026SP
7L69 (N-1)
FIG B-86

TUE, NOV 07 2017 9:57

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 85.7 MW




19108

1108 1085
EUREKAR 1041 1090 1.099
5 EUREKA 8 o o PEACE RV, o1 1517
< 26 ¢
4 o) RBf%es —4(1107 1,004 90 g5 3|15 s 1081
4] 27t 88 HINES C81106 1070 Lose 1510 CARMON7 ~ 149.2
D
g |51 FREDENS 1476 = = FREED_ua4cap w =
© Mo T 18 1068 —( g0 | Log7 o
1.030 720 182 1070 DAISHOW7 WTLTAP 150.0 1082
258 N ' 1150 e WESLY C7
: 43 DONNELLT
19107 -10.5 1080
HINES. 138
< 03 ‘Qf 20 557 1064 2538 WESLY C4
0.1 ) 11 146.8 -
17 g 1.047 1.069 14.0 —{ (
<= = 722 14756
09 19105 sw -109.0 (=4
L1035 FRIEDEN9 = —( 73
25.9 19085
< )_;; 845 L5 PEACE/L9 0
) 27.6 = [96 > 1075 ’
N
13]90 18085 g [°3 SEAL LA g
<= PEACERY [99 ¢ & J12 > —
91105 o607 9.9 v99[54 A 06 1.;]988 : 1.;]982
FRIED_25CAP A R
- 49 8.1
00 o 773672 10 & el
" 525 1041 105 s -~ 1.039
§ 26.0 1105 1;18.5 26.0
FRIEDENT
750" 19104
KSIT RVO
1104 15.4
KSIT RV7 ) 5 TD
= o
20.7 § 3 53 D
1102 .
19102 BoucH c7 19100 oo |20 2fyas
BOUCH C9 1100 RYCROFT9 ) o5 fo 759
RYCROFT7 82 243 7
32 _( > 1.029
<’T R 3706 [CEI T g Ju w19 2 18104
=3 19— - « 13 IS KSITRV8
0s) 3 3 129 55 ¢t 07—{> HOWATTAP 169 3 3
Q 030 & 1.062 : 7L10 > 16.8
G035 165  RYCROFT 7308 103 380 5 9 >
' 7L10 o 1116 1029 1030
589 MowaTy 1419 2538
16.9 209 o
a1l o 19116
19124 1031 44 e 2B MOWAT2
SADDLE 9142.3 4 ’ NowaT_cap || 1174 28
205 ) 0.0 e 10.4 9L11
W J 14.8 -14.8 1.041
20 1118 1.045 o 26.0
— v}  254)| POPLART 5|2 1443 Lo e
. > R .
2] 85 B9 140 | 7168 ewline ST 163
g 25,
oo I 150 %2 438 1038 1164 L. SMOKY
: < 1832 1432 Lsmdky?
1034 1124 S
259 SADDLE 7 e 1160 JF—
= BEZANSON
1086 7L32
HUGHES?
7L22 32 g4 1108 153
-39.0 174 5.7
3| 3|5 I
1.046 1.004
o wn M~
Losa 15 38110 §|S 1088 117 1443 17163 110
40 1443 WERCTAP |7 o442 CLAR L LSMOKR17
' L3 1.085
——3 — .
HE L1029 2605
355

7

99

P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP

BASE CASE(N-0)
FIG B-87
TUE, NOV 07 2017 10:00

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD
TOTAL FLOW

IN RYCROFT AREA: 88.6 MW
INTO RYCROFT AREA: 93.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

99

PROJECT 1784 OPT2: SCENARIO 3 2026WP

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
9L11 (N'l) Bus - Voltage (kV/pu)

FIG B-88 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 91.6 MW
TUE, NOV 07 2017 10:00 Equipment - MW/Mvar

100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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P1784 Addition of Reactive Power Support at Rycroft 730S

FIG B-89
TUE, NO

V 07 2017 10:00

PROJECT 1784 OPT2: SCENARIO 3 2026WP
7L75 (N-1)

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 47.2 MW




19108 1108

1085

EUREKAR 1041 1090 1.103
52 EUREKAS BooL . PEACE RVyEi E1 1522
ﬂ 26 ¢
4 oo Rf%ss —4(1107 1101 82 g3 SIS 108 1083
=3 1519 - -
4] 27t 88 HINES C8 1106 1125 oo CARMON7 1495
§ 6.1 FRIEDEN8  155.2 00 .o FRIED_144cAP w0l
S T2ty T 1068 —( 850 | oo o
1.096 764 182 1125 DAISHOW7 WTLTAP 150.4 1082
274 "I 1552 1150 - - WESLY C7
19107 b8 g4 43 265, DONNELLT .
HINES 190 1
4 03 &f 20 ; 22 48 | o 230 WESLY C4
01 w 11 1477
17| 8 1.108 1084 2] —(
< )— = 76.4 1495
09 19105 oW 634 727
1.096 FRIEDEN9 oo —1( %4
274 77 19085
< 1 h 475 L75 PEACE/19 Lo
A b3 g0 203 2 &D 1075
138*-9.0 ; =07 18085 g o3 SEALLKF
< 0613 ' PEACER9 |99 § 3 J12 D —
91105 ’ ' 9.9 v99[54 A 06 1.;]98% : 1.5008§
FRIED_25CAP
- 49 8.1 : '
00 o 773 1053 & el
Pz 58 S, 263 1.057
58 . 1.094 p
275 1105 1509 26.4
FRIEDEN? :
s 19104
KSIT RV9
1104 )}7 15.4
‘ KSITRV7 % T{>
208 £ 3 53 D
1102 «
19102 BoucH c7 19100 oo |23 26956
BOUCH C9 1100 RYCROFT9 ) ) %o 239
RYCROFT? 8.2 D L0 210
<}7 V3 TL73 96 ¢ § 4.1 1320 @ 18104
" B : « 13 S KSIT RV8
s D 1115 S
<]7 3 1.062 ° @ 07 MOWATTAP 7L10 169 3 3 16.8
$o3s 165  RYCROFT 7308 0369 3.1 7 3 >
: : 04 '
7L10 1116 (1]'39258 0.953
-59.0 MOWATL : 238
9.3 209] o
o7l & 19116
19124 0977 348 23:3353 2B MOWAT2
SADDLE 9134.8 15 : mee 208
205 ) 0.0 ] 10.4 9L11
W J 12.9 -12.9 0.967
_20] g 357 242
5 v)  254| POPLAR7 3 0.980 o
28] B 313 954 1352 | 7168 ewtine o HOWAT_ AT 1163
] S — ©8 06 0969 1164 L SMOKY
: 137 1337 L.smdky7
0974 1124
244 SADDLE7 ~ 1160 )—
- ¥ BEZANSON
7L32
HUGHES?
7L22 32 460 1425 250
©lm ol -49.8' -109 -46.3
W5 Bl
e —l i 0.999 1.073
0.994 1000 ©|N1110 S5 1000 1117 1379 17163 1480
' 1380 MERC TAP 380 CLAR L LSMOKR17
137.2 7L3
— —~ ) 1.069
gl 1028 2565
355

N/

V
99

P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP

7L73 (N-1)
FIG B-90
TUE, NOV

07 2017 10:00

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 84.9 MW
TOTAL FLOW INTO RYCROFT AREA: 53.5 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP

7L68 (N-1)
FIG B-91
TUE, NOV 07 2017 10:00

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 89.7 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP
7L10 (N-1)

FIG B-92

TUE, NOV 07 2017 10:00

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 30.3 MW
TOTAL FLOW INTO RYCROFT AREA: 51.6 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP

7L32 (N-1)
FIG B-93
TUE, NOV 07 2017 10:00

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 111.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP

7L22 (N-1)
FIG B-94
TUE, NOV 07 2017 10:01

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=

69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 89.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP

7L46 (N-1)
FIG B-95
TUE, NOV 07 2017 10:01

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 106.3 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP
7L45 (N-1)

FIG B-96

TUE, NOV 07 2017 10:01

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 103.9 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP
7L39 (N-1)

FIG B-97

TUE, NOV 07 2017 10:01

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 86.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP
7L84 (N-1)

FIG B-98

TUE, NOV 07 2017 10:01

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCRO
TOTAL FLOW INTO RYC

FT AREA: 88.6 MW
ROFT AREA: 101.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP

7L03 (N-1)
FIG B-99
TUE, NOV 07 2017 10:01

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 92.3 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 3 2026WP

7L69 (N-1)
FIG B-100
TUE, NOV 07 2017

10:01

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL FLOW

TOTAL LOAD IN RYCROFT AREA: 88.6 MW

INTO RYCROFT AREA: 95.0 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

BASE CASE(N-0)
FIG B-101
THU, NOV 09 2017

14:33

PROJECT 1784 OPT2: SCENARIO 5A 2036WP

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 109.1 MW




19108

1108 1085
EUREKAR 1041 1090 1.100
71 EUREKAS BCOL PEACE RV E1 1518
ﬂ 35 ¢
4 B BRI —4(1107 1003 105 |3 815 1083 1086
- 150.9 : :
i I e HINES C81106 1053 e CARMON7 1498
3 =82 FRIEDENS ~ 145.3 FRIED_144CAP
o 00 -00 olo
< "020g0 e (100 —( 850 | 10w BN
1.028 711 Q107 « 1053 DAISHOW? WitTAR | 1507 1082
257 : & - 1150
07 f1112 - —t— WESLY C7
e o5 g Jpfm s
2 10,
< 03 @f 23 " 07 o1t s 363 WESLY C4
0.2 ~ 13 ! 1448
2 S 1043 | 748 1064 B4 p—(
< )— ? 719 146.8
10 < 19105 oo sw -156.1 =4
1.022 FRIEDENS ‘ 2le oo —1( W30 -
25.6 sofl— 19085
<)_ -110.3 L5 PEACE/19 109
45 0.0 %5 07 1075 258.9
15 00 = D¢brioa) 3 8 _( >
ﬂ 07]*-104 2 2§ 09 18085 s fo3 SEAL LKg,
: ; i PEACE/29 [[112 ¢ S J13
91105 0.0 s ) < D -10.7
FRIED_25CAP 11 Alll6.1 EA 0.7 1'19988 1'5009é ‘
91 : -
00 0.0 7L73 888 50 1.037 g T‘>
)}— 52 52 1040 22.8 259 = Lots i.036
26.0 1105 1475 %9
1.040 FRIEDEN7 :
26.0 19104
KSIT RVO
1104 )’— 16.1
KSIT RV7 vg WD ‘
215 ¢ 3 53 D
1102 ¢
w4 15100 T [ S |
BOUCH C9 1100 RYCROFT9 ) 00 00 5.9
37 RYCROFT7 oy
; o
<)_8 ] P 7L73 s ¢ 8 o 1423 @ 18104 ‘
4 EICIY] o ' Sl : e KSIT RV8
B 2f- 9 1115 5
b Toae R MOWATTAP 7110 125 ) 161
° S 143 RYCROFT730S Loz 38.1 a1 3 >
' 7L10 ' 9 1116 1032 1.035
590 MowaT1 1423 259 ‘
249 209 o
2ol S 19116
19124 1,013 32 ] R MOWAT2
SADDLE 9139.8 s ’ MOWAT_CAP 11.7 208
235 s N 00> -0 5w’ A J( 104 9L11
117 ~ - Jl T8 14800 1 1.038
4 118 | 1028 123 %60
[ v)  236] POPLAR7 3|3 1418 Log7 L1160 ‘
> 2R 3
e B P 1 7es | Newline JHowT g "
S _16.5 98w 98 1035 1164 L. SMOKY
i o 142.9 142.9 L.SMQKY7 ‘
1.034 1124 J
258 SADDLE 7 —— —
oo 1160
814 BEZANSON
1086 7L32
HUGHES?
7122 L3253 176 |
~lo N -40.7' -15.7
S Lk
e e 1.043 1.098
1034 1043 8= 1110 §|5 1042 1117 1439 17163 1915
e 1439 MERC TAP g7 CLAR L LSMOKR17
: 7L3 = ) 1.062
———— = |
P
2|3 1.083 48
374

/ P1784 Addition of Reactive Power Support at Rycroft 730S

99
e

PROJECT 1784 OPT2: SCENARIO 5A 2036WP

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
9L11 (N'l) Bus - Voltage (kV/pu)

FIG B-102 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 111.6 MW
THU, NOV 09 2017 14:33 Equipment - MW/Mvar

100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]




/
\/
\V

99
e

19108
1108 1085
EUREKA R 1041 1090 1.104
71 EUREKA 8 BooL PEACE RVycikLEL 1523
ﬂ 35
11— 3¢ve (1107 1.100 121 5 & E 3 1083  1.089
< )— - 1518 ; -
0.6 H 48 HINES C8 1106 0.975 11056 CARMON 7 150.3
3 s 82 FRIEDENS 1345 FRIED_144CAP
2 00 -0.0 oo
S % EcruTT 1068 —( 850 | 1055 3%
0.921 642 Q107 « 0875 DAISHOW? witTar | 1511 1082
230 N BT 1122 1048 1150 == WESLY C7
T 22 -
19107 It 53 449, DONNELLT
HINES 2 15.9 1080
03 23 . gg§ 2.2 297 1062 29.9 WESLY C4
ﬂ 0.2 ~ 13 ) 146.6
20 B 0.949 | 690 1081 131 (
< )— ? 655 149.1
! I 19105 ol oW 702 727
0.927 FRIEDEN9 ‘ Tl oo 536
282 . g9 ' 19085
<)T 00 s PEACE/19 %;a%gg
: : 0.7 :
15 D105 8 —( > 1075
<. 00 % 18085 g fos SEAL LK,
0.7 -104 ) 19 & 8
08 p<ap] PEACER9 112 ¢ S 13 D 55
Frigdzscae | 11 Aif61 ¢a o7 Log T 1008
91 - :
00 a0 7L73 216 LY. >
Y—T oz 9.0 %64 '
0954 : 1089 1.056
238 1105 1'50 5 26.4
0.954 FRIEDEN7 i
238 19104
KSIT RVO
1104 )’— 16.1
KSIT RV7 % W‘>
215 ¢ 3 53 D
1902 golecr 19100 e 196 ta V2ggy
BOUCH C9 1100 RYCROFT9 00 00 21
)
37 RYCROFT? I g 2
. i 43 3 1333
Q E] om :3 551261 L3 25 ¢ 3 14 D g %%vg
<J U B A 77 98 6.2 1115 g
S 3
030 3 0.975 MOWATTAP 7L10 162 5 3 161
: ?5.3982 134.6 RYCROFT 730S 0973 382 92 7‘3 F{>
7L10 L 1116 0.966 0.964
591 Mowary 1333 241
171 209] o
osl S 19116
19124 0.961 496 0973 "1, MOWAT2
: - 134.2
SADDLE 9132.7 blé\GA?AT cAp 1119 208
235 s N 00> -0 5w A J( 104 9L11
TRl _ - Jl “130 -130] 0.0 1 0.972
~ 28 1118 | 0976 oo 243
V. - .
— :3 iig POPLART HE 1347 0.979 11169
g o P 1352 | 7168 New Line ) o6 ATG 1163
S )
168 8ler3 0973 1164 L. SMOKY
1342 1342 L.smdky7
0976 1124
244 SADDLE 7 ~ I JF—
N B 1160
o6 S BEZANSON
7L32
HUGHES?
7L22 32 a5, 1738 1161
=|o <lo -59.1' -28 -193
(=23 Ao
e - H“’ d — 0.998 1.098
0987 1000 21110 S|~ 1,000 1117 1817 17163 1918
1364 1380 MERC TAP 7139380 CLAR L LSMOKR17
— - =~ )F_ 1.063
zls 1162 255.0
i 40.1

P1784 Addition of Reactive Power Support at Rycroft 730S

7L75 (N-1)
FIG B-103
THU, NOV 09 2017 14:33

PROJECT 1784 OPT2: SCENARIO 5A 2036WP

Bus - Voltage (kV/pu)
Branch - MW/Mvar

Equipment - MW/Mvar

100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 102.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 5A 2036WP

7L73 (N-1)
FIG B-104
THU, NOV 09 2017 14:33

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 91.7 MW
TOTAL FLOW INTO RYCROFT AREA: 96.4 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

7L68 (N-1)
FIG B-105

THU, NOV 09 2017 14:33

PROJECT 1784 OPT2: SCENARIO 5A 2036WP

Bus - Voltage (kV/pu)
Branch - MW/Mvar

Equipment - MW/Mvar

100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 109.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 4 2036SP

BASE CASE(N-0)
FIG B-106
THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW

TOTAL FLOW INTO RYCROFT AREA: 99.2 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 4 2036SP

9L11 (N-1)
FIG B-107
THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 110.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 4 2036SP

7L75 (N-1)
FIG B-108
THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 44.7 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 4 2036SP

7L73 (N-1)
FIG B-109
THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 79.5 MW
TOTAL FLOW INTO RYCROFT AREA: 50.7 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 4 2036SP

7L68 (N-1)
FIG B-110

THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 101.9 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 4 2036SP

7L10 (N-1)
FIG B-111
THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL
TOTAL

LOAD IN RYCROFT AREA: 28.5 MW
FLOW INTO RYCROFT AREA: 58.8 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 4 2036SP

7L32 (N-1)
FIG B-112
THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 116.2 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 4 2036SP

7L22 (N-1)
FIG B-113

THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)
Branch - MW/Mvar

Equipment - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 94.4 MW




19108

1108 1085
EUREKA R 1041 1090 1.092
53 EUREKA 8 et PEACE RV 1cikLE1 1507
ﬂ 21 .
\238% -
< 09 H%', 62 (1107 1085 Ha g8 3|3 w0m 106
04 27t & HINES C81106 1034 Lose 149.8 ' | CARMON7 1470
S |62 FRIEDENS  142.7 FRIED_144CAP
) Sw - 37 0.0 -0.0. ( 2 ;
2.3 1.019 147 147 1088 850 1.070 $
023 703 90 w 103 DAISHOW? 1150 WIHTAR | 1476 1082
. 26 94 3 o ) —— WESLY C7
HINES. B é—% 4 :2 A5y PONER] 1080
] .
< 04 &f 2l Lo 26 097 1050 351 WESLY C4
02 - 16 : 144.9
X S 1016 | 717 1064 189)  —(
< )— > 701 146.8
12 © 19105 =1 1445 7L27
0.992 FRIEDEN9 ‘ <13 o
248 19085
6.7 00 . 1125 L5 PEACE/19 %61602
j 3.4 - =1 33.4 « [§05 1075 '
578 —( >
191105 . 00 3 % 0.3 SEAL LI
78 St 04 18085 8 9
FrEREeA = b PEACERY |91 ¢ S J11
<} 09 9.1 vo1las  se  fos > 1068 1627 1067
) }ﬂ 05 16 74 1474 1473
500 00 L7393 "0 g 37 >
e 7 0,999 156 %8 = 1.030
0.999 . 1.058 .
25.0 25.0 1105 1461 25.7
FRIEDEN7 :
19104
KSIT RV9
1104 — 154
KSITRV7 ) #{>
205 £ o 5.0
1102 y D
19102 BoUcHCT 19100 g OB A 26981
BOUCH C9 1100 RYCROFT9 ) ) b0 245
RYCROFT? 6.5 228 28
3.7 0.996
< frasf o, w3 ., & T‘> 1374 5 18104
(1>:§ ¢ 250 3 gjo L‘> 1115 g KSITRV8
<’T oo : 05 MOWATTAP 1o 151 3 3 51
<7 0904 ' RYCROFT 730S 0.993 36.0 85 >
143 L 2438 105 3 76
7L10 ' 1116 0.996 0.988
55.9 MowaTy 1374 o7
24 199]
sl 8 19116
19124 0.950 101 10 18 MOWAT2
SADDLE 9131.1 48 : e 19.8
236 PR ) o0 VAT [ A 9.9 9L11
11.8 32 }— / 138 138 0.991
23 No1s 1118 0.964 Taso 24.8
5 v)  260| POPLAR7 3|z 1331 1002 e
. > 2R A
g3 Bo) 83 |76 | Newline ST 163
- 175 % 000 1,000 1164 L. SMOKY
138.0 138.0 L.SMQKY7
0977 1124
244 SADDLE 7 N 1160 )—
o =
085 © BEZANSON
7L32
HUGHES?
.22 L3238 1447 -93.4
3 . 2 ; -40.1' 2.6 -34.0
s e ' 1.006 1.100
0982 1000 @Y 10 2| 097 117 1388 17163 118
1356 1380 MERC TAP 4376 CLAR L LSMOKR17
" 7L3! L
—— —~ ) 1.083
EE 1.130 2599
39.0

N/
\ /

99

v P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 4 2036SP

7L46 (N-1)
FIG B-114
THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 110.5 MW
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v P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 4 2036SP

7L45 (N-1)
FIG B-115
THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 108.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCE
7L39 (N-1)

FIG B-116

THU, NOV 09 2017 14:09

NARIO 4 2036SP

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 92.9 MW




19108

1108 1085
EUREKA R 1041 1090 1.003
53 EUREKAS et s PEACE RV 1cikLE1 1508
ﬂ 27 . =
viiv -
4 09 4.§" 62 _4(1107 1087 113 219 $19 1083 1066
04 27t © HINES C81106 1038 Lose 1500 ' "| CARMON7 1472
S 62 FRIEDENS 1433 FRIED_144CAP
Sw - 0.0 -0.0. S sl
) 24 38025 EVERVI ( 1088 ( 850 1071 =
04 707 190 w 103 DAISHOW? 1150 WitTAR | 1477 1082
X X 94 )
oo 2.7 Sy . 20 s B, WESLY C7
30 5 3¢5 -19.4
0.4y MINESSY 27 3 46 — 1080
< . ? . . 04§ 27 097 1 052 34.8 WESLY C4
02 = 16 : 1451
23] B 1021 | 721 1.066 188 (
< )— 2 704 1471
12 © 19105 =1 1393 7L27
0.997 FRIEDEN9 ‘ <13 e
249 19085
6.7 00 . -106.2 L5 PEACE/19 %'61612
Q 34 I———-@ = 306 o f05 1075 ’
; 578 —( >
191105 «78 00 § ;—:‘W 18085 % 0.3 SEAL LK 4
FRIED725CA§1 : S0 -0. PEACE/29 |91 § S 1 I—
<= 09 9.1 vo1l78  tn  fos > 1069 1617 1068
= 05 5 v 74 1475 1474
28000 00 7L73 890 1033 = T{>
75 ExL I 126 %8 1033
1.004 : 1.061 :
25.1 25.1 1105 1464 25.8
FRIEDEN? :
19104
KSIT RV9
1104 15.4
KSIT RV7 ) ?D
205 £ o 5.0
1102 y D
19102 BOUCH C7 19100 e cae 46 2 25983
BOUCH C9 1100 RYCROFT9 ) 5 %o 246
RYCROFT? 6.5 29 20
37 _( > 0.998
< ] P (VLT 8 [s2 w8 5 18104
(1>:§ ¢ 2T 3 gjo L‘> 1115 g KSITRV8
< = s ies : 05 MOWATTAP ) 10 151 s 3 151
0998 y RYCROFT 730S 0.995 36.0 8.5 < —( >
144 w7 24.9 06 3 7.6
7L10 ' 1116 0.998 0.990
559 Mowary 1378 248
27 199]
10l 8 19116
19124 0974 74 e 1D MOWAT2
SADDLE 9134.5 21 - 11168 2 19.8
26 . \ 0" | A 99 9L11
118 32<' }_ J 13.9 -13.9 0.994
23 N1 1118 | 0990 1553 248
5 v)  260| POPLAR7 5|3 1367 1005 o
. > 2R A
g3 8] 180 | 768 | Newline ST 163
- 173 o 2 1003 1164 _ L SMOKY
- 1384 1384 L.smdky7
1005 1124 3
251 SADDLE7 ~~ 17 1160 )—
w =
- 3 BEZANSON
7L32
HUGHES?
7L22 32 yge 1316 952
<|e <l -32.4' -18 -335
~i ~
e el i ko 1.008 1.100
0,994 1000 31110 RIS 0995 117 1391 17263 1°18
1571 1380 MERC TAP 372 CLAR L LSMOKRL7
: 7L3! L
== — ) 1.084
BE 1081 2601
373

N/

P1784 Addition of Reactive Power Support at Rycroft 730S

99

PROJECT 1784 OPT2: SCENARIO 4 2036SP

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
7L84 (N'l) Bus - Voltage (kV/pu)

FIG B-117 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 105.9 MW
THU, NOV 09 2017 14:09 Equipment - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

V
O

PROJECT 1784 OPT2: SCENARIO 4 2036SP
7L03 (N-1)
FIG B-118
THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)

Branch -
Equipme|

MW/Mvar
nt - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 98.2 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 4 2036SP

7L69 (N-1)
FIG B-119

THU, NOV 09 2017 14:09

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 100.9 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 5 2036WP

BASE CASE(N-0)
FIG B-120
THU, NOV 09 2017 14:12

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 109.2 MW




19108
EUREKAR 1108 1041 1085 1090 1.100

71 EUREKAS BeoL o PEACE RVyEi E1 1519
j 35 ¢ |—
vty ——{ -10.3 ~lo ofn
< 11 4’%2 82 (1107 1094 gl g|® 1083 108
06f & °¢ 20 HINES C81106 1057 Lose 150.9 CARMON7 ~ 149.9
3 S |82 FRIEDENS 1459 FRIED_144CAP
Sw - 0.0 -0.0. N
) 26 312.064 -15.4 15.4. ( 1088 —— ( 850 1.092 2 ~
1036 734 |07 1057 DAISHOW? WTLTAP 150.7
59 23 |aud e 1150 WESLY C7
. . - . - L ]
19107 s =35 111 53 206, DONNELLT
03, MINESSY 23 v 8 é—za -10.9 —03| 1080
< = 3 = Lo 2 037 1050 363 WESLY C4
- 8 - ; 144.9
2 1065 | 756 1065 14—
s I 10105 "*° slo o 1469 s L2
1035 FRIEDENS ‘ e oo —( . —
25.9 8.9 19085
<)_ -110.6 L75 PEACE/19 Lo7s
45 0.0 e 07 258.9
15 >ry0.4 || 38 % _( > 1075
<)— N 00 3 18085 g fos SEAL LKgy
07Q*-104 8 e 09 & 4
91105 0.1 s ) PEACE/29 [[112 ¢ S J13 D —
FRIED_25CAP f| 111 M1106.1 A 0.7 1-[?988 ’ }5009613
56 &0 91 ! }
] 89.0
e 30 1 e
: = 1033 ek 29 - 1.037
58 1105 %;?773 259
1.033 FRIEDEN7 :
=8 19104
KSIT RVO
1104 )’— 16.1
KSIT RV7 g W{> ‘
215 ¢ 3 53
1102 11049 44 & 2 D
19102 BOUCH C7 19100 KSITUAN_CAP : A 16.032
BOUCH C9 1100 RYCROFT9 ) o5 ANl %58
£l [ RYCROFT7 _ 245 25
R 1426
g 18 :3 83.2 s 125 ¢ 3 14 g 18104
o6 2 227 o 93 52 D 1115 s KSIT RV8
03% Zos0 1irs  RYCROFT 7303 1040 oy L0 i % ECLES ‘
Q ELE | 1 9.1
148 1449 260 1o * 8.1
7110 1116 }f;g 1.037
-59.0 MOWAT1 . 259
251 209] ~
130l S 19116
19124 1014 34 1037 o MOWAT2
SADDLE 9139.9 9 1432 11168 208
' MOWAT_cAP [ 11.7A:
235 s N 00~ 00/|SW J( 104 9L11 ‘
wnr <= 118 | 1029 : 1?;8?33.3 e 27
V. >
3 izg POPLART 3|2 1420 1039 e ‘
~ .
8 101 1434 1 7168 New Line ) o6 ATG 1163
S )
-165 %08 " 1038 1164 _ L. SMOKY
3 143.2 143.2 L.SMQKY7
1035 1124 g
259 SADDLE 7 == —
o< 1160
1086 el BEZANSON
7L32
HUGHES?
7122 7L32 96.1| 117.4 |
410 -16.0
3|2 32 I
—= e 1.044 1.098
1.035 1043 811110 o 1042 1117 1440 17163 1515
w8 1440 MERC TAP 9143.9 CLAR L LSMOKR17
- 7L3 L
—— —~ ) 1.062
5|® 1.082 2548
ﬁ 373

7

P1784 Addition of Reactive Power Support at Rycroft 730S

99

PROJECT 1784 OPT2: SCENARIO 5 2036WP

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
9L11 (N'l) Bus - Voltage (kV/pu)
FIG B-121 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 111.6 MW
THU, NOV 09 2017 14:12 Equipment - MW/Mvar

100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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P1784 Addition of Reactive Power Support at Rycroft 730S

7L75 (N-1)
FIG B-122
THU, NOV 09 2017 14:12

PROJECT 1784 OPT2: SCENARIO 5 2036WP

Bus - Voltage (kV/pu)

Branch - MW/Mvar

Equipment - MW/Mvar

100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 102.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 5 2036WP

7L73 (N-1)
FIG B-123
THU, NOV 09 2017 14:12

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 91.7 MW
TOTAL FLOW INTO RYCROFT AREA: 96.6 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 5 2036WP

7L68 (N-1)
FIG B-124
THU, NOV 09 2017 14:12

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 109.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 5 2036WP
7L10 (N-1)
FIG B-125
THU, NOV 09 2017 14:12

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar

100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 37.6 MW
TOTAL FLOW INTO RYCROFT AREA: 45.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO
7L32 (N-1)

FIG B-126

THU, NOV 09 2017 14:12

5 2036WP

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 117.5 MW
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/ P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 5 2036WP

7L22 (N-1)
FIG B-127

THU, NOV 09 2017 14:12

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 107.5 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 5 2036WP

7L46 (N-1)
FIG B-128
THU, NOV 09 2017 14:12

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCRO

FT AREA: 96.0 MW

TOTAL FLOW INTO RYCROFT AREA: 114.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 5 2036WP

7L45 (N-1)
FIG B-129
THU, NOV 09 2017 14:12

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCRO
TOTAL FLOW INTO RYC

FT AREA: 96.0 MW
ROFT AREA: 113.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 5 2036WP

7L39 (N-1)
FIG B-130
THU, NOV 09 2017 14:12

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 106.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT2: SCENARIO 5 2036WP

7L84 (N-1)
FIG B-131

THU, NOV 09 2017 14:12

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCRO
TOTAL FLOW INTO RYC

FT AREA: 96.0 MW
ROFT AREA: 112.7 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

99

PROJECT 1784 OPT2: SCENARIO 5 2036WP

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
7L03 (N'l) Bus - Voltage (kV/pu)

FIG B-132 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 108.7 MW
THU, NOV 09 2017 14:12 Equipment - MW/Mvar

100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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P1784 Addition of Reactive Power Support at Rycroft 730S

7L69 (N-1)
FIG B-133

THU, NOV 09 2017 14:12

PROJECT 1784 OPT2: SCENARIO 5 2036WP

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 109.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 1F

TOTAL LOAD IN RYCROFT AREA: 80.0 MW

BASE CASE(N-0)
FIG B-134
THU, NOV 09 2017 14:17

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL FLOW INTO RYCROFT AREA: 100.0 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 1F

9L11 (N-1)
FIG B-135
THU, NOV 09 2017 14:17

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 80.0 MW

TOTAL FLOW INTO RYCROFT AREA: 98.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 1F

7L75 (N-1)
FIG B-136
THU, NOV 09 2017 14:17

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD

IN RYCROFT AREA: 80.0 MW

TOTAL FLOW INTO RYCROFT AREA: 70.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 1F

7L73 (N-1)
FIG B-137
THU, NOV 09 2017 14:17

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 76.7 MW
TOTAL FLOW INTO RYCROFT AREA: 72.0 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 1F

7L68 (N-1)
FIG B-138
THU, NOV 09 2017 14:17

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 80.0 MW
TOTAL FLOW INTO RYCROFT AREA: 91.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

BASE CASE(N-0)
FIG B-139
THU, NOV 09 2017 14:18

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 98.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

Bus - Voltage (kV/pu)
Branch - MW/Mvar

9L11 (N-1)
FIG B-140

THU, NOV 09 2017 14:18

Equipment -
100.0%Rate A

MW/Mvar

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 97.7 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

7L75 (N-1)
FIG B-141
THU, NOV 09 2017 14:18

TOTAL LOAD IN RYCROFT AREA: 77.5 MW

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL FLOW INTO RYCROFT AREA: 69.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

7L73 (N-1)
FIG B-142
THU, NOV 09 2017 14:18

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 73.9 MW
TOTAL FLOW INTO RYCROFT AREA: 70.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

7L68 (N-1)
FIG B-143

THU, NOV 09 2017 14:18

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 90.7 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

7L32 (N-1)
FIG B-144
THU, NOV 09 2017 14:18

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 106.4 MW




19108

1108 1085
EUREKAR 1041 1090 1,099
38 EUREKAS BCOL a4 PEACE RV E1 1517
ﬂ 19 ¢
vilv 1.2 @Y
< 0.7 ,; " 45 __{ (1107 1;“3019‘71 &Y 3|° 1083  1.086
03 e HINES C8 1106 L1108 o : CARMON7 1499
S 4.5 FRIEDEN8 152.9 00 00 FRIED_144CAP 1088 <15
Lo7a 31tog3 oo ECEETE M DAISHOW? ( wil T‘*ES }'5%32 “I"
o 75.4 = 20 8 1529 uso | ' WeSLY 7
. . -7 S L ]
Lo107 T o PRI 3; - g7, DONNELLT .
g 23,
4 03 &f 23 " ; 28 590 | o 26 WESLY C4
0.2 o 13 ! 1483
) 1088 | 76.1 5s s B
v 10105 "1 s 3 775 a0 7127
=2 K=]
L0701 56 FRIEDENS 13 38.0 418 o0
8 )— | 19085
ig . PEACE/19 a2
<3 20 g e L 1075 2080
- >3 6.6 —( >
w 6.6 " g mi 37 18085 § 03 SEAL LK ;
191105 3 =3 ’ PEACE/29 (|81 ¢ S JL0 D 36
FRIED_25QF3. 8.1 vella3 ¢ 05 1078 7 1.087
m 66 148.8 150.1
) EY 7L73 586 1048 & 33 D
51 Lo71 -22.0 262 - Log6 1.052
1.035 %8 1105 149.8 263
259 FRIEDEN?
19104
) KSIT RVO
1104 -87015.4
- )
KSIT RV7 % ?{>
205 ¢ 3 50
1102 ) D
BOUCH C7 1100 ]}igY]glgOFTg o glsﬁt??JANicAB o 26 EA 215-099
19102 RYCROFT7 ) : —-— 25
BOUCH C9 L{> 88 . 285
[Te)
bt i IR g e
& o B > : 1115 =
H E T106 BE e o 7110 151 S 3 151
G B e 1o 360 83 B —>
o e mo e e L '
154 SW_0.0 0.0 MOWAT1L 153.7 1.099
) 55.8 275
A1271L2 112 202 -19.8 ’
oz 152.5 ’ s 212 19116
SADDLE 9L RYCROFT 730S 1536 108 el
[ . Q%S?ALC%PO 1104 9.9 9L11
) 111.4113 -1-1.4 %7028
Zg . 1.105 1537 lmlé\?vBAT_CAP
=3 0.0 New Line 1525 00§00 00g |
E— g 0.0 R0 EIEEIEN | 1163
S “ 1537 1164 _ L. SMOKY
103 ‘ islslg L.smdKky7
260 7L68 ' —
SADDLE7 ‘ 118 | 1135 1160 /
POPLAR 7 156.6 BEZANSON
1086 7L32
HUGHES? 7L32
- L2 74.0 88.0 137
—— -38.6 I -25.9 -59.7
I 1.072 1,090
148.0 150.4
1.059 1.076 1117 gﬁgmn
146.1 148.4 CLAR L Lol
1016 261.9
35.1

P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

7L22 (N-1)
FIG B-145
THU, NOV 09 2017 14:18

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 85.5 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

7L46 (N-1)
FIG B-146
THU, NOV 09 2017 14:19

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 106.9 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

7L45 (N-1)
FIG B-147
THU, NOV 09 2017 14:19

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 105.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

7L39 (N-1)
FIG B-148
THU, NOV 09 2017 14:19

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 98.9 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

7L84 (N-1)
FIG B-149
THU, NOV 09 2017 14:19

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 95.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

Bus - Voltage (kV/pu)
Branch - MW/Mvar

7L03 (N-1)
FIG B-150

THU, NOV 09 2017 14:19

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

Equipment - MW/Mvar
100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 108.5 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S
PROJECT 1784 OPT3: 2026SP SCENARIO 2 TOTAL LOAD IN RYCROFT AREA: 77.5 MW
7L69 (N'l) Bus - Voltage (kV/pu)
FIG B-151 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 109.8 MW
. Equipment - MW/Mvar
THU, NOV 09 2017 14:19 00 Dorate A
KV: >0.000 <=25.000 <=69.000 <=138.000 <=240.000 <=500.000
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2
NEWLINE_OPT3 (N-1)
FIG B-152

THU, NOV 09 2017 14:19

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 77.5 MW
TOTAL FLOW INTO RYCROFT AREA: 86.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: 2026SP SCENARIO 2

7L10_OPT3 (N-1)
FIG B-153
THU, NOV 09 2017 14:19

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 22.2 MW
TOTAL FLOW INTO RYCROFT AREA: 25.9 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

BASE CASE(N-0)
FIG B-154
THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 109.7 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

9L11 (N-1)
FIG B-155
THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 108.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

7L75 (N-1)
FIG B-156
THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 77.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

7L73 (N-1)
FIG B-157
THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 84.9 MW
TOTAL FLOW INTO RYCROFT AREA: 79.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

7L68 (N-1)
FIG B-158
THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 100.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

7L32 (N-1)
FIG B-159

THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 118.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

Bus - Voltage (kV/pu)
Branch - MW/Mvar

7L22 (N-1)
FIG B-160

THU, NOV 09 2017 14:24

100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

Equipment - MW/Mvar

TOTAL LOAD
TOTAL FLOW

IN RYCROFT AREA: 88.6 MW
INTO RYCROFT AREA: 97.9 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

7L46 (N-1)
FIG B-161

THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 119.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

7L45 (N-1)
FIG B-162
THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 117.7 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

7L39 (N-1)
FIG B-163

THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 109.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

7L84 (N-1)
FIG B-164
THU, NOV

09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 106.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

7L03 (N-1)
FIG B-165

THU, NOV 09 2017 14:24

PROJECT 1784 OPT3: SCENARIO 3 2026WP

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 119.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

7L69 (N-1)
FIG B-166
THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 121.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

NEWLINE_OPT3 (N-1)

FIG B-167

THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 88.6 MW
TOTAL FLOW INTO RYCROFT AREA: 98.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 3 2026WP

7L10_OPT3 (N-1)
FIG B-168
THU, NOV 09 2017 14:24

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 30.3 MW

TOTAL FLOW INTO RYCROFT AREA: 34.9 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 5A 2036WP

BASE CASE(N-0)
FIG B-169
THU, NOV 09 2017 14:27

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 125.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 5A 2036WP

9L11 (N-1)
FIG B-170
THU, NOV 09 2017 14:27

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 129.9 MW
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7L75 (N-1)
FIG B-171
THU, NOV 09 2017 14:27

PROJECT 1784 OPT3: SCENARIO 5A 2036WP

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 86.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 5A 2036WP
7L73 (N-1)
FIG B-172
THU, NOV 09 2017 14:27

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 91.7 MW
TOTAL FLOW INTO RYCROFT AREA: 88.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 5A 2036WP

7L68 (N-1)
FIG B-173
THU, NOV 09 2017

14:27

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 116.3 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S
PRg‘]ECCT 1784 OPT3: SCENARIO 4 20365P TOTAL LOAD IN RYCROFT AREA: 83.8 MW
BASE CASE(N-0) Bus - Voltage (kV/pu)
FIG B-174 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 115.9 MW
. Equipment - MW/Mvar
THU, NOV 09 2017 14:29 00 Dorate A
KV: >0.000 <=25.000 <=69.000 <=138.000 <=240.000 <=500.000|
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 4 2036SP

Bus - Voltage (kV/pu)
Branch - MW/Mvar

9L11 (N-1)
FIG B-175

THU, NOV 09 2017 14:29

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

Equipment - MW/Mvar
100.0%Rate A

TOTAL LOAD
TOTAL FLOW

IN RYCROFT AREA: 83.8 MW
INTO RYCROFT AREA: 124.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 4 2036SP

7L75 (N-1)
FIG B-176

THU, NOV 09 2017 14:29

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 77.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 4 2036SP

7L73 (N-1)
FIG B-177
THU, NOV 09 2017 14:29

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 79.5 MW
TOTAL FLOW INTO RYCROFT AREA: 78.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 4 2036SP

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
7L68 (N'l) Bus - Voltage (kV/pu)

FIG B-178 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 110.0 MW
THU, NOV 09 2017 14:29 Equipment - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 4 2036SP

7L32 (N-1)
FIG B-179
THU, NOV 09 2017 14:29

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 125.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 4 2036SP
Bus - Voltage (kV/pu)

7L22 (N

-1)

FIG B-180
THU, NOV 09 2017 14:29

Branch - MW/Mvar
Equipment - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 98.5 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 4 2036SP
7L46 (N-1)
FIG B-181
THU, NOV 09 2017 14:29

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 125.7 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S
PROJECT 1784 OPT3: SCENARIO 4 2036SP TOTAL LOAD IN RYCROFT AREA: 83.8 MW
7L45 (N'l) Bus - Voltage (kV/pu)
FIG B-182 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 124.0 MW
. Equipment - MW/Mvar
THU, NOV 09 2017 14:29 00 Dorate A
KV: >0.000 <=25.000 <=69.000 <=138.000 <=240.000 <=500.000
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 4 2036SP

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
7L39 (N'l) Bus - Voltage (kV/pu)

FIG B-183 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 115.6 MW
THU, NOV 09 2017 14:30 Equipment - MW/Mvar

100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 4 2036SP

7L84 (N-1)
FIG B-184
THU, NOV 09 2017 14:30

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 112.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S
PROJECT 1784 OPT3: SCENARIO 4 2036SP TOTAL LOAD IN RYCROFT AREA: 83.8 MW
7L03 (N'l) Bus - Voltage (kV/pu)
FIG B-185 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 126.5 MW
. Equipment - MW/Mvar
THU, NOV 09 2017 14:30 00 Dorate A
KV: >0.000 <=25.000 <=69.000 <=138.000 <=240.000 <=500.000
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 4 2036SP

7L69 (N'l) Bus - Voltage (kV/pu)
FIG B-186 Branch - MW/Mvar
THU, NOV 09 2017 14:30 Equipment - MW/Mvar

100.0%Rate A

TOTAL LOAD IN RYCROFT AREA: 83.8 MW
TOTAL FLOW INTO RYCROFT AREA: 128.1 MW

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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P1784 Addition of Reactive Power Support at Rycroft 730S
PROJECT 1784 OPT3: SCENARIO 4 2036SP
TOTAL LOAD IN RYCROFT AREA: 83.8 MW
NEWLINE_OPT3 (N'l) Bus - Voltage (kV/pu)
FIG B-187 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 96.2 MW
. Equipment - MW/Mvar
THU, NOV 09 2017 14:30 00 Dorate A
KV: >0.000 <=25.000 <=69.000 <=138.000 <=240.000 <=500.000
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3: SCENARIO 4 2036SP

7L10_OPT3 (N-1)
FIG B-188
THU, NOV 09 2017 14:30

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate A

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 28.5 MW
TOTAL FLOW INTO RYCROFT AREA: 35.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP

BASE CASE(N-0)
FIG B-189
THU, NOV 09 2017

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar

14:32 100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 128.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP

9L11 (N-1)
FIG B-190
THU, NOV 09 2017

14:32

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 133.0 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP

7L75 (N-1)
FIG B-191
THU, NOV 09 2017 14:32

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 83.0 MW




19108

1108 1085
EUREKA R 1041 1090 1.107
71 EUREKA 8 A . PEACE RV ek E1 1527
ﬂ 35 ¢ :
V3LV <15 oo NS
< 11 ,% 5.2 —4(1107 1.105 2w g 1083 1089
0.6 A HINES C81106 1131 11050 1525 CARMON7  150.3
w S |82 FRIEDENS 1561 = = FRIED 144cAP -
00 1088 I N
) 31 4]?143 -17.6 176 DAISHOW? ( 850 1.096 2 ~
1131 70 107 1131 WT| TAP 151.2 1082
283 M e - 1150
10107 38 53 209, DONNELLT —— WESLY C7
HINES -8.6 1080
< gi &f ig 117 1073 30.7 WESLY C4
) 5 . 148.0
2] & 1.140 18 2] —A(
] 0] ° 10105 737 215 7L75 842 7L27
L FRIEDENS 216 50.7 o0
I Sy 19085
5 o PEACE/L9 108
8.9 I__ 23 07 k
< )_ 0. D04 3 _( > 1075
450, 104 0 18085 § 03 SEAL LKQJG.S
o105 08 PEACER9 112 ¢ S 13 D =0
i = s LN i ™
H— 56 9.1 A 3
6.0 6.2.71? 6.0 7L73 Loso o T‘>
: 1114 27 < 1.068
2738 1105 Lo 26.7
FRIEDEN? :
19104
e KSITRVO
1104 ) -6.7§16.1
~ _( >
‘ KSIT RV7 5 o
215 ¢ 3 53
1102 19100 11049 56 [N 26 D
BOUCH C7 1100 RYCROFT9 GSITUAN_CAP .965
19102 — —— RYCROFT? ) : — 41
BOUCH C9 &D 214 21.4
3 L3 6.2 1333 @ 18104
G EE - 5 £ > s S KSIT RV8
S y 162 3 3
2 1061 7.7 [N MOWATTAP IR 161
<3 1464 0.964 382 7L10 TR oL
1048 97100 7L10 71 1116 0.966 ot
151 : 0.965
>‘ sw_o.SOOSCAP -0.0 -48.6 MOWATL 1333 21
[ 88 8?39532 8.8 11.7 -10.4 g Lo116
19124 - 0.973 45) 2
SADDLE 9072 RYCROFT 7308 1343 2B AT
% oh:c%\(:?ALCAOPO 1184 10.4 9L11
' ) ;a g o7 8.7 (2);19;2
vl 236 _ 0.980 1343 MOWAT_CAP
= :3 105 New Line 135.2 -105 100 0.0 |7
E— =) 140057 54 -13.0 130 |
S ss[-396 0.973 1163
.-499<\J 251 86 134.3 1164 _ L. SMOKY
0.967 0.973 L.SMQKY7
) 112 L6 1343 J—]|
242 N At L
SADDLE7 gls s =l 098 A 1160 /
"! POPLAR7 ' 135.9 110 / 1005 BEZANSON
1086 !
HUGHES7 e MERCTAP 2o 1387 7132 32
7L22 oy =
X 127.7 158.8 -102.6
— ol= -51.6' -4.9 -25.8
Y -
3|9 < 1.006 1,008
138.8 1515
0.994 1005 3|9 117 17163
1371 1387 7|7 7139 CLAR L LSMOKR17
) 1.066
=~
1121 255.9
387

P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP

7L73 (N-1)
FIG B-192

THU, NOV 09 2017 14:32

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 91.7 MW
TOTAL FLOW INTO RYCROFT AREA: 86.6 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP

7L68 (N-1)
FIG B-193

THU, NOV 09 2017 14:32

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 117.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
7L32 (N'l) Bus - Voltage (kV/pu)

FIG B-194 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 138.9 MW
THU, NOV 09 2017 14:32 Equipment - MW/Mvar

100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP

7L22 (N-1)
FIG B-195
THU, NOV 09 2017 14:32

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 114.0 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP
7L46 (N-1)
FIG B-196
THU, NOV 09 2017 14:32

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 140.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP
7L45 (N-1)
FIG B-197
THU, NOV 09 2017 14:32

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 138.4 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP

7L39 (N-1)
FIG B-198
THU, NOV 09 2017 14:32

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 125.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP
7L84 (N-1)
FIG B-199
THU, NOV 09 2017 14:32

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 122.8 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP

7L03 (N-1)
FIG B-200
THU, NOV 09 2017 14:32

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW

TOTAL FLOW INTO RYCROFT AREA: 140.2 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP
7L69 (N-1)
FIG B-201
THU, NOV 09 2017 14:32

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 96.0 MW
TOTAL FLOW INTO RYCROFT AREA: 142.1 MW
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P1784 Addition of Reactive Power Support at Rycroft 730S

PROJECT 1784 OPT3 SCENARIO 5 2036WP

NEWLINE_OPT3 (N-1) Bus - Voliage (cV/pu) TOTAL LOAD IN RYCROFT AREA: 96.0 MW
FIG B-202 Branch - MW/Mvar TOTAL FLOW INTO RYCROFT AREA: 109.3 MW
THU, NOV 09 2017 14:32 Equipment - MW/Mvar

100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]
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7L10_OPT3 (N-1)
FIG B-203

THU, NOV 09 2017 14:32

PROJECT 1784 OPT3 SCENARIO 5 2036WP

Bus - Voltage (kV/pu)
Branch - MW/Mvar
Equipment - MW/Mvar
100.0%Rate B

kV: >0.000 <=25.000 <=69.000 <:1138.OOO <=240.000 <=500.000]

TOTAL LOAD IN RYCROFT AREA: 37.6 MW
TOTAL FLOW INTO RYCROFT AREA: 45.4 MW




Engineering Study Report
P1784 Addition of Voltage Support at Rycroft 730S Substation

ae€Sso

Attachment C: Voltage Recovery Results

Dynamic Information tables

Table C-1. Rycroft SVC Model CSSCST: Control of Rycroft 144 kV bus (bus 1100)

SVC Model for Switched Shunt
Vov
T3 (>0) Vmax, Vmin, (override
K T1 (sec) T2 (sec) (sec) T4 (sec) T5 (sec) Mvars Mvars voltage)
(pu)
1300 0.005 0.0 0.055 0.0 0.02 45,92 -45.92 0.15
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Engineering Study Report
P1784 Addition of Voltage Support at Rycroft 730S Substation a'eso

Attachment D: Short Circuit Results

Short-circuit Analysis
The objective of the short-circuit analysis was to estimate the maximum short-circuit fault levels for the

substations in the Study Area for before and after transmission reinforcement. Short-circuit analysis was
performed based on system data® available to the AESO.

Listed below are the basic assumptions adopted in the short-circuit analysis:

Study Years
The system model consists of facilities assumed to be in service as of 2017

Study Cases Used for 2017SP

Study Component Assumption
Generation dispatch All generators in and around Grande Prairie and Peace River Areas dispatched
All transmission elements In service
Series capacitors In service
HvDC Blocked
PSS/E Version used Version 33

Three-phase faults and single line-to-ground faults were applied at the 144 kV and 72 kV substations for
the aforementioned study years and system conditions. The tables below present the computed three-
phase and single-phase fault currents as well as the associated positive sequence and zero sequence
impedances at these substations for before and after the identified transmission reinforcement. The
proposed transmission reinforcement would not have any material impact on the short-circuit levels in the
Study Area.

It should be noted that the short-circuit levels change as new facilities are added to the system and are
sensitive to any generation additions or retirements in the area of interest. The short-circuit levels
provided in this study are not intended to be used as the sole source of information for electrical
equipment specification or the design of public safety or worker safety grounding systems.

% Short-circuit current calculation is based on modeling information provided to the AESO by third parties. Short-
circuit estimation is subject to change.

December 2017 Transmission
R1 File No. RP-05-1874
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Table D-1: Short-circuit Current Levels — Pre- and Post-Rycroft 730S Substation Reactive Power
Addition (Year 2017)

Pre- Positive Sequence Zero Sequence
Base Fault F3'¢|t Fl qIJt Impedance Impedance
' au au
Substation Name Voltage Voltage (R1 +] X1) (RO + X0)
(kv) (kA) (KA)
(p.u.) (p.u.) (p.u.)
Rycroft 730S 138 1.070 2.67 2.64 0.079189+j0.147705 | 0.034352+j0.176366
Ksituan River 754S 138 1.049 1.49 1.70 0.151909+j0.253142 | 0.029821+j0.196248
Mowat 2033S 138 1.062 1.88 2.16 0.119340+j0.203873 | 0.022908+j0.151617
Boucher Creek 829S 138 1.082 2.40 1.76 0.081002+j0.170335 | 0.102974+j0.384404
Friedenstal 800S 138 1.087 2.48 1.75 0.076153+j0.167060 | 0.109131+j0.399769
Friedenstal 800S 69 1.081 2.13 1.88 0.094264+j0.413258 | 0.114976+j0.584170
Eureka River 861S 69 1.065 0.68 0.74 0.716127+j1.107957 | 0.136716+j1.031855
Hines Creek 724S 69 1.063 0.98 0.89 0.501748+j0.754282 | 0.296245+j1.179148
Clairmont Lake 811S 138 1.081 5.32 4.93 0.031904+j0.078833 | 0.024299+j0.103568
West F;zzcse River 138 1.071 5.56 469 | 0.029193+0.075162 | 0.031047+j0.122542

Note 1: pu calculated using 138 kV and 69 kV voltage and 100 MVA

December 2017
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