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[bookmark: _Toc31111824]Executive Summary
The Executive Summary is a high-level summary of the report. Be brief. Make sure the information in the Executive Summary and the information in the rest of the document is consistent.
In order to use acronyms/short form, acronyms should be defined at first use.
If referring to a transmission line, please use the following format: 138 kV transmission line 123L (from 345S substation to 678S substation).
If referring to a substation, please use the following format: the ABC 345S substation.
Project Overview
[Market Participant Legal Name (Market Participant Short Name)] has submitted a System Access Service Request (SASR) to the Alberta Electric System Operator for [Demand Transmission Service and/or Supply Transmission Service] of XXXMW at [Project location, e.g., south of the City of Grande Prairie to serve oilfield loads]  (the Project). 
The requested In-Service Date for the Project is [Month DD, YYYY as per the SASR request].
Study Area for the Project
The Study Area for the Project consists of the AESO Planning areas of [AESO Planning Area Name (Area No.)], including the tie lines connecting these planning areas to the rest of the AIES. All transmission facilities within the Study Area were studied and monitored for violations of the Reliability Criteria.
Connection alternatives studied
Please list the alternatives selected for further study as described in the AESO’s Study Scope.
Alternative 1 – [brief description of connection method]
Alternative 2 – [brief description of connection method]
Alternative 3 – [brief description of connection method]
Etc.
Studies Performed for the Project
This section will provide a high level description of the studies performed to assess the impact of connecting the Project to the AIES. Below is an example of the write up:
[Power flow analysis was performed for the 2016 summer peak (SP) and winter peak (WP) pre-Project and post-Project scenarios, with the 2016 AIES topology in the NW Region, to determine the impact of the connection of the Project on the AIES.
Voltage stability analysis was performed for the 2016 WP post-Project scenario to identify violations, if any, of the voltage stability criteria. Short-circuit analysis was performed for the 2016 WP pre-Project scenario and for the 2016 WP and 2025 WP post-Project scenarios to determine the short-circuit levels in the vicinity of the Project.]
Results of the Pre-Project Studies
Category A Conditions
Adapt the following text to explain your findings.
No Reliability Criteria violations were observed under the Category A conditions (i.e., all elements in service) for any of the pre-Project scenarios. The short-circuit fault levels were found to be within the typical capabilities of the nearby facilities.
Category B Conditions
Adapt the following text to explain your findings.
No Reliability Criteria violations were observed under Category B conditions.
OR
The pre-Project power flow studies identified a number of [thermal and/or voltage] violations under Category B conditions (i.e., loss of a single system element). 
In addition, under Category B conditions, voltage deviations were observed that were beyond the limits listed in Table 3-1 of the AESO’s Study Scope at point-of-delivery (POD) low voltage busses (subsequently referred to as POD bus voltage deviations).
OR 
No Reliability Criteria violations or voltage deviations were observed that were beyond the limits listed in Table 3-1 of the AESO’s Study Scope (hereafter referred to as point of delivery (POD) bus voltage deviations) under Category B conditions.
Category C5 Conditions
Adapt the following text to explain your findings.
No Reliability Criteria violations were observed under Category C5 conditions.
OR
The pre-Project power flow studies identified a number of [thermal and/or voltage] violations under Category C5 conditions (i.e., loss of a single system element). 
In addition, under Category C5 conditions, voltage deviations were observed that were beyond the limits listed in Table 3-1 of the AESO’s Study Scope at point-of-delivery (POD) low voltage busses (subsequently referred to as POD bus voltage deviations).
OR 
No Reliability Criteria violations or voltage deviations were observed that were beyond the limits listed in Table 3-1 of the AESO’s Study Scope (hereafter referred to as point of delivery (POD) bus voltage deviations) under Category C5 conditions.
Results of the Post-Project Studies
Category A Conditions
Adapt the following text to explain your findings.
No Reliability Criteria violations were observed under Category A conditions for any pre-Project scenarios. Post-Project short-circuit fault levels were not significantly higher than pre-Project levels. 
The long term short circuit levels were found to be within the designed capabilities of the nearby facilities.
Category B Conditions
Adapt the following text to explain your findings. If there were Reliability Criteria violations found during the power flow studies:
Post-Project power flow studies and voltage stability studies identified a number of system performance issues under Category B conditions, namely: [list them here; e.g., thermal criteria violations, voltage range criteria violations, voltage stability criteria violations, and POD bus voltage deviations]. 
If there were no Reliability Criteria violations found in the post-Project studies:
No Reliability Criteria violations or POD bus voltage deviations were observed under Category B conditions. 
If voltage stability studies were completed with no concerns:
The voltage stability margin was met for all studied conditions.
If transient stability studies were completed with no concerns:
Results did not indicate any transient stability concerns, and the system showed acceptable dynamic response to all Category B conditions studied.
Category C5 Conditions
Adapt the following text to explain your findings. If there were Reliability Criteria violations found during the power flow studies:
Post-Project power flow studies and voltage stability studies identified a number of system performance issues under Category C5 conditions, namely: [list them here; e.g., thermal criteria violations, voltage range criteria violations, voltage stability criteria violations, and POD bus voltage deviations]. 
If there were no Reliability Criteria violations found in the post-Project studies:
No Reliability Criteria violations or POD bus voltage deviations were observed under Category C5 conditions. 
If voltage stability studies were completed with no concerns:
The voltage stability margin was met for all studied conditions.
If transient stability studies were completed with no concerns:
Results did not indicate any transient stability concerns, and the system showed acceptable dynamic response to all Category C5 conditions studied.
Mitigation Strategy and Sensitivity Analysis [as required] 
Please describe how to mitigate the identified Reliability Criterial violations in these pre- and post-Project studies. 
[bookmark: _Toc31111825]Introduction
[bookmark: Text126]This report presents the results of the engineering studies that were completed by [Studies Consultant Organization Legal Name] (the Studies Consultant) to assess the impact of the Project (as defined in the AESO’s Study Scope) on the performance of the Alberta interconnected electric system (AIES). The studies were performed in accordance with the AESO’s Study Scope titled “[Insert title]” dated [Insert date], Version [#].
[bookmark: Text127]The power system network analysis tool that was used for the studies in this connection assessment was [e.g., PSS/E version 33].
[bookmark: _Toc31111826]Connection Alternatives
[bookmark: _Toc31111827]Connection Alternatives Studied
List the alternatives that are selected for study as described in the AESO’s Study Scope. If any additional alternatives were added during the studies, please include the additional alternatives and explain why the alternatives were proposed. Describe each connection alternative separately. For each alternative, include a connection diagram that shows the main transmission network in the Study Area post-connection. Provide single-line diagrams (SLDs) for the proposed facilities. The connection diagrams and proposed facilities SLDs can be included as an attachment. Below is an example of the write up:
[Four alternatives were examined in this report. A description of the developments associated with each alternative is provided below.
Alternative 1: Add a new point of delivery (POD) substation, and connect the new POD to the existing transmission line [Line name] via an in/out connection configuration. 
Alternative 2: Add a new point of delivery (POD) substation, and connect the new POD to the existing transmission line [Line name] via a T-tap connection configuration.
Alternative 3: Add a new point of delivery (POD) substation, and connect the new POD to the existing transmission line [Line name] via a radial connection configuration to the existing [substation name and number].
Alternative 4: Upgrade the capacity at the existing [Substation Name and number] substation and shift load to neighboring [Substation Name and number] substation. 
The line length of each alternative will be subject to change after line routing by TFO.]
[bookmark: _Toc31111828]Pre-Project Study Results
This section describes the results of the pre-Project power flow studies.
[bookmark: _Toc31111829]Power Flow Studies
Power flow diagrams illustrating the pre-Project power flow studies results for Category A, Category B, and Category C5 conditions are provided in [Attachment X].
[bookmark: _Toc18925816][bookmark: _Toc31111830]Alternative 1
Repeat this level of heading for as many alternatives as were studied.
Scenario 1: [e.g. 2019 Summer Light High Generation Pre-Project]
Repeat this level of heading for as many pre-Project scenarios as were studied.
Category A Conditions
Describe the results. Adapt the following text as appropriate.
No Reliability Criteria (as defined in the AESO’s Study Scope) violations were observed under Category A conditions.
Category B Conditions
No Reliability Criteria violations were observed under Category B conditions.
OR
Thermal Criteria Violations
No thermal criteria violations were observed under Category B conditions.
OR
Thermal criteria violations were observed under certain Category B conditions as shown in Table 4‑1.
Only keep Note “a” below if applicable (i.e. those assets are listed in the table). 
[bookmark: _Ref23170733][bookmark: _Toc514764787][bookmark: _Toc18925847][bookmark: _Toc31111795]Table 4‑1: Thermal Criteria Violations under Category B Conditions for [Scenario 1]
	Contingency
(System Element Lost)
	Violation Location Details
	Thermal Ratingsa (MVA)
	Pre-Project Results

	
	
	Normal
Rating
	Emergency
Rating
	Power Flowb (MVA)
	% 
Loadingc

	[Line No.]
	[Line (From Substation - To Substation)]
	
	
	
	

	[Line No.]
	[xxxsT1, yyys123T, Substation HH/LL kV transformer]
	
	
	
	

	
	[Line (From Substation - To Substation)]
	
	
	
	


Notes: 
a The facility ratings shown in the AESO’s Study Scope have been adjusted from a [72/144] kV voltage base to a [69/138] kV voltage base, as is used by the power system network analysis tool.
b Power flow (MVA) is current expressed as MVA (i.e., S = √3 x Vbase x Iactual)
c Reported as a percentage of the power flow (in MVA, i.e., S = √3 x Vbase x Iactual) relative to the transmission line’s Normal Rating (also in MVA), as shown in the AESO’s Study Scope.
Voltage Criteria Violations
No voltage criteria violations were observed under Category B conditions. 
OR 
Voltage criteria violations were observed under certain Category B conditions as shown in Table 4‑2.
[bookmark: _Ref23170774][bookmark: _Toc514764788][bookmark: _Toc18925848][bookmark: _Toc31111796]Table 4‑2: Voltage Criteria Violations under Category B Conditions for [Scenario 1]
	Contingency (System Element Lost)
	Violation Location Details
	Voltage Ratings (kV)
	Pre-Project Results

	
	Substation Name and No.
	Bus No.
	Nominal Voltage
	Emergency Minimum Voltage
	Emergency Maximum Voltage
	Initial Voltage (kV)
	Post-contingency Steady State (kV)

	[Line No.]
	[Substation Name and No.]
	
	
	
	
	
	

	[Line No.]
	[Substation Name and No.]
	
	
	
	
	
	

	
	[Substation Name and No.]
	
	
	
	
	
	


Notes:
[Add notes here as necessary.]
POD Bus Voltage Deviations
No voltage deviations beyond the limits listed in Table 3-1 of the AESO’s Study Scope (hereafter referred to as point of delivery (POD) bus voltage deviations) were observed.
OR 
Voltage deviations beyond the limits listed in Table 3-1 of the AESO’s Study Scope (hereafter referred to as point of delivery (POD) bus voltage deviations) were observed under certain Category B conditions as shown in Table 4‑3. 
[bookmark: _Ref23170808][bookmark: _Toc514764789][bookmark: _Toc18925849][bookmark: _Toc31111797]Table 4‑3: POD Bus Voltage Deviations under Category B Conditions for [Scenario 1]
	Contingency (System Element Lost)
	Voltage Deviation Location Details
	Pre-Project Results

	
	Substation Name and No.
	Bus No.
	Nominal Bus Voltage (kV)
	Initial Voltage (kV)
	Voltage Deviations at POD Low Voltage Buses

	
	
	
	
	
	Post Transient (kV)
	% Change
	Post Auto Control (kV)
	% Change
	Post Manual (kV)
	% Change

	
	
	
	
	
	
	
	
	
	
	

	[Line No.]
	[Substation Name and No.]
	
	
	
	
	
	
	
	
	

	[Line No.]
	[Substation Name and No.]
	
	
	
	
	
	
	
	
	

	
	[Substation Name and No.]
	
	
	
	
	
	
	
	
	


Notes:
[Add notes here as necessary.]

Category C5 Conditions
No Reliability Criteria violations were observed under Category C5 conditions.
OR
Thermal Criteria Violations
No thermal criteria violations were observed under Category C5 conditions.
OR
Thermal criteria violations were observed under certain Category C5 conditions as shown in Table 4‑4.
Only keep Note “a” below if applicable (i.e. those assets are listed in the table). 
[bookmark: _Ref13668196][bookmark: _Toc18925850][bookmark: _Toc31111798]Table 4‑4: Thermal Criteria Violations under Category C5 Conditions for [Scenario 1]
	Contingency
(System Element Lost)
	Violation Location Details
	Thermal Ratingsa (MVA)
	Pre-Project Results

	
	
	Normal
Rating
	Emergency
Rating
	Power Flowb (MVA)
	% 
Loadingc

	[Line No.]
	[Line (From Substation - To Substation)]
	
	
	
	

	[Line No.]
	[xxxsT1, yyys123T, Substation HH/LL kV transformer]
	
	
	
	

	
	[Line (From Substation - To Substation)]
	
	
	
	


Notes: 
a The facility ratings shown in the AESO’s Study Scope have been adjusted from a [72/144] kV voltage base to a [69/138] kV voltage base, as is used by the power system network analysis tool.
b Power flow (MVA) is current expressed as MVA (i.e., S = √3 x Vbase x Iactual)
c Reported as a percentage of the power flow (in MVA, i.e., S = √3 x Vbase x Iactual) relative to the transmission line’s Normal Rating (also in MVA), as shown in the AESO’s Study Scope.
Voltage Criteria Violations
No voltage criteria violations were observed under Category C5 conditions. 
OR 
Voltage criteria violations were observed under certain Category C5 conditions as shown in Table 4‑5.
[bookmark: _Ref13668186][bookmark: _Toc18925851][bookmark: _Toc31111799]Table 4‑5: Voltage Criteria Violations under Category C5 Conditions for [Scenario 1]
	Contingency (System Element Lost)
	Violation Location Details
	Voltage Ratings (kV)
	Pre-Project Results

	
	Substation Name and No.
	Bus No.
	Nominal Voltage
	Emergency Minimum Voltage
	Emergency Maximum Voltage
	Initial Voltage (kV)
	Post-contingency Steady State (kV)

	[Line No.]
	[Substation Name and No.]
	
	
	
	
	
	

	[Line No.]
	[Substation Name and No.]
	
	
	
	
	
	

	
	[Substation Name and No.]
	
	
	
	
	
	


Notes:
[Add notes here as necessary.]
POD Bus Voltage Deviations
No voltage deviations beyond the limits listed in Table 3-1 of the AESO’s Study Scope (hereafter referred to as point of delivery (POD) bus voltage deviations) were observed.
OR, if there were too many violations to fit in a table:
Numerous voltage deviations beyond the limits listed in Table 3-1 of the AESO’s Study Scope (hereafter referred to as point of delivery (POD) bus voltage deviations) were observed.
OR, if there were some violations that can be described in a table: 
Voltage deviations beyond the limits listed in Table 3-1 of the AESO’s Study Scope (hereafter referred to as point of delivery (POD) bus voltage deviations) were observed under certain Category C5 conditions as shown in Table 4‑6. 
[bookmark: _Ref13668174][bookmark: _Toc18925852][bookmark: _Toc31111800]Table 4‑6: POD Bus Voltage Deviations under Category C5 Conditions for [Scenario 1]
	Contingency (System Element Lost)
	Voltage Deviation Location Details
	Pre-Project Results

	
	Substation Name and No.
	Bus No.
	Nominal Bus Voltage (kV)
	Initial Voltage (kV)
	Voltage Deviations at POD Low Voltage Buses

	
	
	
	
	
	Post Transient (kV)
	% Change
	Post Auto Control (kV)
	% Change
	Post Manual (kV)
	% Change

	
	
	
	
	
	
	
	
	
	
	

	[Line No.]
	[Substation Name and No.]
	
	
	
	
	
	
	
	
	

	[Line No.]
	[Substation Name and No.]
	
	
	
	
	
	
	
	
	

	
	[Substation Name and No.]
	
	
	
	
	
	
	
	
	


Notes:
[Add notes here as necessary.]
[bookmark: _Toc433183326][bookmark: _Toc433187012][bookmark: _Toc433350397][bookmark: _Toc239233069][bookmark: _Toc294693569][bookmark: _Toc306375185][bookmark: _Toc449939819][bookmark: _Toc18925818][bookmark: _Toc31111831]Voltage Stability Studies [as required]
Use Power Voltage (PV) curves and tables to show the critical steady state voltage stability analysis results. For each scenario, provide complete information regarding any Category A, Category B, and selected Category C5 analyses carried out and the outcomes of each. Present the results for each scenario separately. If any constraints are identified, AESO will advise the study consultant if these constraint(s) has previously been identified in other studies done by or for the AESO. If so, specify how the constraints are currently managed. In the appropriate attachment sections, include voltage stability diagrams.
[bookmark: _Toc239233070][bookmark: _Toc294693570][bookmark: _Toc306375186][bookmark: _Toc449939820][bookmark: _Toc18925819][bookmark: _Toc31111832]Transient Stability Studies [as required]
Discuss the main study outcomes of the transient stability analysis. The complete transient stability diagrams should be included in an attachment. This section, please use tables to show summarize results of all Category A, Category B and Category C5 contingencies examined.  If any constraints are identified, AESO will advise the study consultant if these constraint(s) has previously been identified in other studies done by or for the AESO. If so, specify how the constraints are currently managed. In the appropriate attachment sections, include transient stability diagrams.
[bookmark: _Toc13046778][bookmark: _Toc428770707][bookmark: _Toc431210183][bookmark: _Ref433185161][bookmark: _Toc449939826][bookmark: _Toc18925820][bookmark: _Toc31111833]Post-Project Study Results 
[bookmark: _Toc292375954][bookmark: _Toc292376069][bookmark: _Toc292441631][bookmark: _Toc292441992][bookmark: _Toc292442081][bookmark: _Toc292442375][bookmark: _Toc292451184][bookmark: _Toc292454345][bookmark: _Toc292455929][bookmark: _Toc294177386][bookmark: _Toc294528554]This section describes the results of the post-Project [power flow studies], [voltage stability studies], [transient stability studies] and/or [motor starting studies].
As described in Section 2 of the AESO’s Study Scope, the post-Project studies were performed using Alternative [1, 2, etc.].
[bookmark: _Toc18925821][bookmark: _Toc31111834]Power Flow Studies 
Power flow diagrams illustrating the post-Project power flow studies results for Category A, Category B, and Category C5 conditions are included in [Attachment X]. 
[bookmark: _Toc449939828][bookmark: _Toc18925822][bookmark: _Toc31111835]Alternative [3]
Repeat this level of heading for as many alternatives as were studied.
[bookmark: _Toc18925823][bookmark: _Toc449939829]Scenario [3]: [e.g. 2020 Winter Peak High Generation Post-Project Alternative 1]
Repeat this level of heading for as many scenarios (year/season and alternative) as were studied.
Category A Conditions
Describe the results. Adapt the following text as appropriate. If an N-0 violation occurs (which is extremely rare), determine appropriate mitigation and determine appropriate wording.
No Reliability Criteria violations were observed under Category A conditions.
Category B Conditions
If there are no Reliability Criteria violations at all:
No Reliability Criteria violations were observed under Category B conditions.
OR if there are no thermal criteria violations but there are voltage violations:
No thermal criteria violations were observed under Category B conditions.
OR if there are thermal criteria violations:
Thermal criteria violations were observed under certain Category B conditions as shown in Table 5‑1.
[bookmark: _Ref23172959][bookmark: _Toc514764790][bookmark: _Toc18925853][bookmark: _Toc31111801]Table 5‑1: Thermal Criteria Violations under Category B Conditions for [Scenario 3]
	Contingency (System Element Lost)
	Details of Violation (Violation Observed On)
	Normal Rating (MVA)
	Emergency Rating (MVA)
	Pre-Project Results
	Post-Project Results
	% Loading Difference (Post-Pre)

	
	
	
	
	Observed Power Flow (MVA)
	% Loading
	Observed Power Flow (MVA)
	% Loading
	

	
	
	
	
	
	
	
	
	

	xxxL (yyyS – aaaS)
	xxxL (yyyS – aaaS)
	 
	 
	 
	 
	 
	 
	 

	xxxL (yyyS – aaaS)
	[xxxsT1] [yyys123T] (xxxS HH/LL kV transformer)
	 
	 
	 
	 
	 
	 
	 

	
	xxxL (yyyS – aaaS)
	 
	 
	 
	 
	 
	 
	 


Notes:
[Add notes here as necessary.]
Voltage Criteria Violations
No voltage criteria violations were observed under Category B conditions. 
OR 
Voltage criteria violations were observed under certain Category B conditions as shown in Table 5‑2.
[bookmark: _Ref23172977][bookmark: _Toc514764791][bookmark: _Toc18925854][bookmark: _Toc31111802]Table 5‑2: Voltage Criteria Violations under Category B Conditions for the [Scenario 3 Description] 
	Contingency (System Element Lost)
	Details of Violation
(Violation Observed On)
	Voltage Ratings (kV)
	Pre-Project Results
	Post-Project Results
	% Voltage Difference (kV)

	
	Substation Name and Number
	Bus No.
	Nominal Voltage
	Emergency Minimum Voltage
	Emergency Maximum Voltage
	Initial Voltage (kV)
	Post-contingency Steady State (kV)
	Initial Voltage (kV)
	Post-contingency Steady State (kV)
	

	xxxL (yyyS – aaaS)
	xxxS
	
	
	
	
	
	
	
	
	

	xxxL (yyyS – aaaS)
	xxxS
	
	
	
	
	
	
	
	
	

	
	xxxS
	
	
	
	
	
	
	
	
	


POD Bus Voltage Deviations
No POD bus voltage deviations were observed. 
OR 
Several POD bus voltage deviations were observed under certain Category B conditions as shown in Table 5‑3.
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[bookmark: _Ref23173324][bookmark: _Toc514764792][bookmark: _Toc18925855][bookmark: _Toc31111803]Table 5‑3: Voltage Deviations at POD Low Voltage Busses under Category B Conditions for the [Scenario 3 Description]
	Contingency (System Element Lost)
	Voltage Deviation Location Details
	Post-Project Results

	
	Substation Name and Number
	Bus No.
	Nominal Bus Voltage (kV)
	Initial Voltagea (kV)
	Voltage Deviations at POD Low Voltage Buses

	
	
	
	
	
	Post Transient (kV)
	% Change
	Post Auto Control (kV)
	% Change
	Post Manual (kV)
	% Change

	
	
	
	
	
	
	
	
	
	
	

	xxxL (yyyS – aaaS)
	xxxS
	 
	 
	 
	 
	 
	 
	 
	 
	 

	xxxL (yyyS – aaaS)
	xxxS
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	xxxS
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Category C5 Conditions
If there are no Reliability Criteria violations at all:
No Reliability Criteria violations were observed under Category C5 conditions.
OR if there are no thermal criteria violations but there are voltage violations:
No thermal criteria violations were observed under Category C5 conditions.
OR if there are thermal criteria violations:
Thermal criteria violations were observed under certain Category C5 conditions as shown in Table 5‑4.
[bookmark: _Ref13666754][bookmark: _Toc18925856][bookmark: _Toc31111804]Table 5‑4: Thermal Criteria Violations under Category C5 Conditions for [Scenario 3]
	Contingency (System Element Lost)
	Details of Violation (Violation Observed On)
	Normal Rating (MVA)
	Emergency Rating (MVA)
	Pre-Project Results
	Post-Project Results
	% Loading Difference (Post-Pre)

	
	
	
	
	Observed Power Flow (MVA)
	% Loading
	Observed Power Flow (MVA)
	% Loading
	

	
	
	
	
	
	
	
	
	

	xxxL (yyyS – aaaS)
	xxxL (yyyS – aaaS)
	 
	 
	 
	 
	 
	 
	 

	xxxL (yyyS – aaaS)
	[xxxsT1] [yyys123T] (xxxS HH/LL kV transformer)
	 
	 
	 
	 
	 
	 
	 

	
	xxxL (yyyS – aaaS)
	 
	 
	 
	 
	 
	 
	 


Notes:
[Add notes here as necessary.]
Voltage Criteria Violations
No voltage criteria violations were observed under Category C5 conditions. 
OR 
Voltage criteria violations were observed under certain Category C5 conditions as shown in Table 5‑5.
[bookmark: _Ref13666783][bookmark: _Toc18925857][bookmark: _Toc31111805]Table 5‑5: Voltage Criteria Violations under Category C5 Conditions for the [Scenario 3 Description] 
	Contingency (System Element Lost)
	Details of Violation
(Violation Observed On)
	Voltage Ratings (kV)
	Pre-Project Results
	Post-Project Results
	% Voltage Difference (kV)

	
	Substation Name and Number
	Bus No.
	Nominal Voltage
	Emergency Minimum Voltage
	Emergency Maximum Voltage
	Initial Voltage (kV)
	Post-contingency Steady State (kV)
	Initial Voltage (kV)
	Post-contingency Steady State (kV)
	

	xxxL (yyyS – aaaS)
	xxxS
	
	
	
	
	
	
	
	
	

	xxxL (yyyS – aaaS)
	xxxS
	
	
	
	
	
	
	
	
	

	
	xxxS
	
	
	
	
	
	
	
	
	


POD Bus Voltage Deviations
No POD bus voltage deviations were observed. 
OR, if there were too many violations to fit in a table:
Numerous POD bus voltage deviations were observed.
OR, if there were some violations that can be described in a table:
Several POD bus voltage deviations were observed under certain Category C5 conditions as shown in Table 5-6.

	Engineering Study Results
P[0000] [Project Name]
[e.g., V1D1]
	
	



	Engineering Study Results
P[0000] [Project Name]
[e.g., V1D1]
	
	



[bookmark: _Ref509308229][bookmark: _Ref13667224][bookmark: _Toc18925858]
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[bookmark: _Ref23327581][bookmark: _Toc31111806]Table 5-6: Voltage Deviations at POD Low Voltage Busses under Category C5 Conditions for the [Scenario 3 Description]
	Contingency (System Element Lost)
	Voltage Deviation Location Details
	Post-Project Results

	
	Substation Name and Number
	Bus No.
	Nominal Bus Voltage (kV)
	Initial Voltagea (kV)
	Voltage Deviations at POD Low Voltage Buses

	
	
	
	
	
	Post Transient (kV)
	% Change
	Post Auto Control (kV)
	% Change
	Post Manual (kV)
	% Change

	
	
	
	
	
	
	
	
	
	
	

	xxxL (yyyS – aaaS)
	xxxS
	 
	 
	 
	 
	 
	 
	 
	 
	 

	xxxL (yyyS – aaaS)
	xxxS
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	xxxS
	 
	 
	 
	 
	 
	 
	 
	 
	 



[bookmark: _Toc31111836]Voltage Stability Studies
[bookmark: _Toc31111837]Alternative [3]
Repeat this level of heading for as many alternatives as were studied.
[bookmark: Text139][e.g., Scenario 3: 2016 SL HC Post-Project]
Repeat this level of heading for as many scenarios as were studied.
Voltage stability analysis was performed for the [e.g., 2016 SL HC post-Project scenario]. The reference load level for the Study Area is [X] MW. For Category B contingencies, the minimum incremental load transfer is 5% of the reference load, or [Y] MW (0.05 x [X] MW = [Y] MW), in order to meet the voltage stability criteria. 
Table 5‑7 provides the voltage stability study results under the Category A condition and for the [five] worst contingencies under Category B conditions. The voltage stability diagrams are provided in [Attachment X].
[Include if appropriate: The voltage stability margin was met for all studied conditions.]
If any post-Project scenarios result in voltage stability issues, run PV analysis on the corresponding pre‑Project scenario to determine if the criteria violation existed beforehand and document the results. If the criteria violation did exist, consult AESO Engineer to determine what existing or planned mitigation measures exist. If this is a new violation, consult AESO Engineer to develop mitigation measures.
[bookmark: _Ref23257746][bookmark: _Toc514764793][bookmark: _Toc18925859][bookmark: _Toc31111807]Table 5‑7: Voltage Stability Study Results under Category B Conditions for [Scenario 3]
	Contingency
(System Element Lost)
	From
	To
	Maximum Incremental Transfer 
(MW)
	Meets Criteria?

	N-0
	System Normal
	
	

	[Line No.]
	
	
	
	

	[Line No.]
	
	
	
	

	[Transformer, e.g.: XXXsT1, YYYsZZZT]
	[Substation Name and No.], [HH/LL kV transformer]
	
	

	[Line No.]
	
	
	
	


 The following table for Category C5 can be deleted if it is not required.
[bookmark: _Toc18925860][bookmark: _Toc31111808]Table 5‑8: Voltage Stability Study Results under Category C5 Conditions for [Scenario 3]
	Contingency
(System Element Lost)
	From
	To
	Maximum Incremental Transfer 
(MW)
	Meets Criteria?

	N-0
	System Normal
	
	

	[Line No.]
	
	
	
	

	[Line No.]
	
	
	
	

	[Transformer, e.g.: XXXsT1, YYYsZZZT]
	[Substation Name and No.], [HH/LL kV transformer]
	
	

	[Line No.]
	
	
	
	



[bookmark: _Toc449939841][bookmark: _Toc18925827][bookmark: _Toc31111838]Transient Stability Studies
[bookmark: _Toc449939842][bookmark: _Toc18925828][bookmark: _Toc31111839]Alternative [3]
Repeat this level of heading for as many alternatives as were studied.
[bookmark: _Toc18925829][e.g., Scenario 3: 2016 SL HC Post-Project]
Repeat this level of heading for as many scenarios as were studied.
Transient stability studies were completed for [Scenario No./description]. 
If there were no transient stability issues, use the following explanation. 
The results did not indicate any transient stability concerns, and the system showed acceptable dynamic response to all Category B conditions studied, as shown in Table 5‑9. The post-Project transient stability plots are provided in [Attachment X]. The dynamic data and assumptions of all equipment proposed for the Facility are provided in [Attachment X].
If any post-Project scenarios result in transient stability issues, run a transient stability study on the corresponding pre-Project scenario to determine if the issue existed beforehand and document the results. If the issue did exist, consult AESO Engineer to determine what existing or planned mitigation measures exist. If this is a new violation, consult AESO Engineer to develop mitigation measures.
NOTE: The following table is populated with sample text. Replace that text with study results.
[bookmark: _Ref23257895][bookmark: _Toc514764794][bookmark: _Toc18925861][bookmark: _Toc31111809]Table 5‑9: Transient Stability Study Results under Category B Conditions for [Scenario 3]
	Studied Contingency
	Fault Description and Location
	Results

	[Line No.] (Terminal A – Terminal B)
	3-phase fault at Terminal A
	Stable

	
	3-phase fault at Terminal B
	Stable

	[Line No.] (Terminal A – Terminal C)
	3-phase fault at Terminal A
	Stable

	
	3-phase fault at Terminal C
	Stable

	[Line No.] (Terminal B – Terminal D)
	3-phase fault at Terminal B
	Stable

	
	3-phase fault at Terminal D
	Stable

	[Line No.] (Terminal E – Terminal F)
	3-phase fault at Terminal E
	Stable

	
	3-phase fault at Terminal F
	Stable


[bookmark: _Toc449939849][bookmark: _Toc18925830][bookmark: _Toc31111840]Motor Starting Studies [as required]
If the MP has confirmed that the motors will not start with VFD, then motor starting analysis will not be required. Present the motor starting analysis results by using “across-the-line” starting of the motors at the proposed substation. Please list the nameplate data of the proposed motors in a table. Specify equivalent circuit diagram and corresponding data (parameter). Below is an example of the write up for motor starting analysis portion:
[Motor starting analysis was performed to assess the feasibility of the “across-the-line” starting of the 7,000 HP motors at the proposed Battle Sands 594S substation. Although Enbridge has indicated that Variable Frequency Drivers (VFDs) will be used to start the motors, the analysis assesses the voltage dip at the transmission busses in the case of a VFD failure (VFD by-pass condition) and to determine if starting restrictions would be imposed.
Motor starting analysis was conducted for the start-up of a single motor with all other motors in the station already running at full load. All four motors were supplied by one 138/6.9 kV, 25/33 MVA transformer. The 2017 WP post-Project scenario was used in the analysis. The analysis was based on the dynamic analysis method in PSS/E 33. ]
Table 5‑10 shows the nameplate data of the 7,000 HP induction motors.
[bookmark: _Ref13659920][bookmark: _Toc431915996][bookmark: _Toc502829168][bookmark: _Toc18925862][bookmark: _Toc31111810]Table 5‑10: Motor Nameplate and Calculated Data
	Motor Rating
	Value

	Rated power
	7,000 HP

	Rated voltage
	6,600 V

	Rated current
	516 A

	Rated speed
	1780 rpm

	Rated torque
	20,676  lb-ft

	Nominal power factor
	0.92

	Nominal efficiency
	0.964

	Moment of inertia (motor)
	4667 lb-ft2

	Moment of inertia (Driven Machine)
	400 lb-ft2

	Locked-rotor torque
	75.7%

	Breakdown torque
	196.2%

	Locked-rotor current
	650%

	MVA base
	5.889 MVA

	Rated motor speed pu
	0.9889

	Driven machine torque pu @ n=ns
	0.8

	H (combined motor and driven machine)
	0.6297



Figure 5‑1 shows the equivalent circuit that was used to model the motors.
[bookmark: _Ref431414241][bookmark: _Toc431901317][bookmark: _Toc502829147][bookmark: _Toc18916923][bookmark: _Toc31111811][bookmark: _Toc31111823]Figure 5‑1: Equivalent Circuit of Induction Motor
[image: ]
Table 5‑11 lists the equivalent circuit parameters.
[bookmark: _Ref13659899][bookmark: _Toc431915997][bookmark: _Toc502829169][bookmark: _Toc18925863][bookmark: _Toc31111812]Table 5‑11: Equivalent Circuit Data
	Equivalent Circuit Parameter
	Value in Per Unit

	Ra
	0.037

	La
	0.071

	Lm
	3.4

	R1
	0.025

	L1
	0.07

	R2
	0.0195

	L2
	0.024



[bookmark: _Toc432594302][bookmark: _Toc449939850][bookmark: _Toc18925831][bookmark: _Toc31111841]Motor Starting Results for Alternative 1 
Please provide the motor starting results in a table. Below is an example of the write up for motor starting results portion:
[Motor starting analysis was conducted for the 2017 WP post-Project Alternative 1 configuration. The analysis was conducted under system normal Category A and critical contingency conditions extracted from the power flow analysis. Table 5‑12 shows the summary for Alternative 1.]
[bookmark: _Ref13660336][bookmark: _Toc431915998][bookmark: _Toc502829170][bookmark: _Toc18925864][bookmark: _Toc31111813]Table 5‑12: Motor Starting Performance for Alternative 1
	                   Contingencies

Substation
	Category A (N-0)
	Category B 
(N-1)
681L  (From Hardisty 377S to Tucuman 478S)
	Category C5 (N-2)
679L and 680L (From Nilrem 574S to Tucuman 478S)
	…
	…

	Substation A
	Nominal Bus Voltage (kV)
	138
	138
	138
	
	

	
	Before Motor Start (kV)
	142.83
	129.38
	129.38
	
	

	
	After Motor Start (kV)
	139.66
	123.86
	123.86
	
	

	
	Voltage Dip (kV)
	3.17
	5.52
	5.52
	
	

	
	% Voltage Dip
	2.22
	4.27
	4.27
	
	

	Substation B
	Nominal Bus Voltage (kV)
	…
	..
	..
	
	

	
	Before Motor Start (kV)
	
	
	
	
	

	
	After Motor Start (kV)
	
	
	
	
	

	
	Voltage Dip (kV)
	
	
	
	
	

	
	% Voltage Dip
	
	
	
	
	



[The motor starting results show that the voltage dip caused by “across-the-line” motor starting at Substation A and B 138 kV busses are below 5% under both system normal and contingency conditions. The simulation results suggest that the impact on the voltage due to “across-the-line” starting of one motor is acceptable. The induction motor curves and the voltages at Substation A and B busses are provided in Attachment K.]
[bookmark: _Toc433183350][bookmark: _Toc433187036][bookmark: _Toc433350421][bookmark: _Toc449939851][bookmark: _Toc18925832][bookmark: _Toc31111842]Sub-Synchronous Interaction (SSI) Analysis [as required]
Discuss the main study outcomes of the SSI analysis.
[bookmark: _Toc433183354][bookmark: _Toc433187040][bookmark: _Toc433350425][bookmark: _Toc433183358][bookmark: _Toc433187044][bookmark: _Toc433350429][bookmark: _Toc433183361][bookmark: _Toc433187047][bookmark: _Toc433350432][bookmark: _Toc306350104][bookmark: _Toc306355383][bookmark: _Toc306355712][bookmark: _Toc306355777][bookmark: _Toc306355842][bookmark: _Toc306357797][bookmark: _Toc306359740][bookmark: _Toc306362710][bookmark: _Toc306362774][bookmark: _Toc306362839][bookmark: _Toc306363180][bookmark: _Toc296071483][bookmark: _Toc296097790][bookmark: _Toc294693571][bookmark: _Ref295216440][bookmark: _Toc306375201][bookmark: _Ref422985481][bookmark: _Toc449939855][bookmark: _Toc18925833][bookmark: _Toc31111843]Short Circuit Studies
[bookmark: _Toc296097792][bookmark: _Toc294693572][bookmark: _Toc306375202][bookmark: _Toc449939856][bookmark: _Toc18925834][bookmark: _Toc31111844]Pre-Project Results
Pre-Project short-circuit current levels are provided in Table 6‑1[footnoteRef:1]. [1:  Short-circuit current studies were based on modeling information provided to the AESO by third parties. The authenticity of the modeling information has not been validated. Fault levels could change as a result of system developments, new customer connections, or additional generation in the area. It is recommended that these changes be monitored and fault levels reviewed to ensure that the fault levels are within equipment operating limits. The information provided in this study should not be used as the sole source of information for electrical equipment specifications or for the design of safety-grounding systems.] 

[bookmark: _Ref23258184][bookmark: _Toc514764796][bookmark: _Toc18925865][bookmark: _Toc31111814]Table 6‑1: Pre-Project Short-Circuit Current Levels for [e.g., Scenario 1]
	Substation Name and Number
	Base Voltage (kV)
	Pre-Fault Voltage (kV)
	3-Φ Fault (kA)
	Positive Sequence Thevenin Source Impedance (R1+jX1) (pu)
	1-Φ Fault (kA)
	Zero Sequence
Thevenin
Source
Impedance
(R0+jX0) (pu)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



[bookmark: _Toc433183368][bookmark: _Toc433187054][bookmark: _Toc433350439][bookmark: _Toc433183380][bookmark: _Toc433187066][bookmark: _Toc433350451][bookmark: _Toc433183391][bookmark: _Toc433187077][bookmark: _Toc433350462][bookmark: _Toc294528599][bookmark: _Toc294607173][bookmark: _Toc294607673][bookmark: _Toc294693573][bookmark: _Toc306375203][bookmark: _Toc449939857][bookmark: _Toc18925835][bookmark: _Toc31111845]Post-Project Results
[bookmark: _Toc514764779][bookmark: _Toc18925836][bookmark: _Toc31111846][bookmark: _Toc306375238][e.g., Scenario 4: 2017 WP HC Post-Project]
Post-Project short-circuit current levels for [e.g., Scenario 4] are provided in Table 6‑2.
[bookmark: _Ref23258219][bookmark: _Toc514764798][bookmark: _Toc18925866][bookmark: _Toc31111815]Table 6‑2: Post-Project Short-Circuit Current Levels for [e.g., Scenario 4]
	Substation Name and Number
	Base Voltage (kV)
	Pre-Fault Voltage (kV)
	3-Φ Fault (kA)
	Positive Sequence Thevenin Source Impedance (R1+jX1) (pu)
	1-Φ Fault (kA)
	Zero Sequence
Thevenin
Source
Impedance
(R0+jX0) (pu)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


[bookmark: _Toc514764778][bookmark: _Toc18925837][bookmark: _Toc31111847][e.g., Scenario 5: 2027 WP HC Post-Project]
Post-Project short-circuit current levels for [e.g., Scenario 5] are provided in Table 6‑3.
[bookmark: _Ref23258246][bookmark: _Toc514764797][bookmark: _Toc18925867][bookmark: _Toc31111816]Table 6‑3: Post-Project Short-Circuit Current Levels for [e.g., Scenario 5]
	Substation Name and Number
	Base Voltage (kV)
	Pre-Fault Voltage (kV)
	3-Φ Fault (kA)
	Positive Sequence Thevenin Source Impedance (R1+jX1) (pu)
	1-Φ Fault (kA)
	Zero Sequence
Thevenin
Source
Impedance
(R0+jX0) (pu)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


[bookmark: _Toc449939854][bookmark: _Toc18925838][bookmark: _Toc31111848]Mitigation Measure Development and Evaluation
This section describes the mitigation measures and supporting analysis required to address the violations noted in the previous section.
The Studies Consultant, in consultation with the AESO, developed mitigation measures to address the system performance issues that were identified in the post-Project scenarios. Existing remedial action schemes (RASs) are described in the AESO’s Connection Study Scope. 
[As part of this Project, mitigation measures will not be specifically developed for the POD bus voltage deviations observed under certain Category B conditions during pre-Project and post-Project scenarios.[footnoteRef:2]] [2:  The AESO’s desired post-contingency voltage deviations for low voltage busses represent guidelines rather than criteria. A POD bus voltage deviation that exceeds the desired limits shown in Table 3-1 of the AESO’s Connection Study Scope does not represent a Reliability Criteria violation.] 

[bookmark: _Toc514764781][bookmark: _Toc18925839][bookmark: _Toc31111849]Pre-Project
Pre-Project mitigation measures are summarized in Table 7‑1.
[bookmark: _Ref23258510][bookmark: _Toc514764799][bookmark: _Toc18925868][bookmark: _Toc31111817]Table 7‑1: Pre-Project Mitigation Measures
	Mitigation Measure
	Location of Observed Violation
	Contingency

	Existing [RAS No.]
	[Line No. (From Substation - To Substation)]
	

	
	[Line No. (From Substation - To Substation)]
	

	Planned [RAS No.]a
	[Line No. (From Substation - To Substation)]
	

	
	[Line No. (From Substation - To Substation)]
	

	
	[Line No. (From Substation - To Substation)]
	

	
	[xxxSTN (Substation Name and No., xxxS HH/LL kV transformer)]
	

	
	[Line No. (From Substation - To Substation)]
	

	Planned [RAS No.]b
	[Line No. (From Substation - To Substation)]
	

	
	[Line No. (From Substation - To Substation)]
	

	TFO capital maintenance project to restore ratings on the [XXX] kV transmission line [Line No.]
	[Line No. (From Substation - To Substation)]
	

	Real time operational practices
	[Line No. (From Substation - To Substation)]
	

	
	[Line No. (From Substation - To Substation)]
	


Notes:
a [RAS No.] is an existing RAS (see Section 1.2.2 of the AESO’s Connection Study Scope). Modifications to [RAS No.] are proposed for the planned [Name of other Project 1]. This modified version of [RAS No.] is referred to hereafter as “planned [RAS No.]” 
b Planned [RAS No.] is a RAS proposed for the planned [Name of other Project 2].
[bookmark: _Toc514764782][bookmark: _Toc18925840][bookmark: _Toc31111850]Post-Project
Post-Project mitigation measures are summarized in Table 7‑2.
[bookmark: _Ref23258537][bookmark: _Toc514764800][bookmark: _Toc18925869][bookmark: _Toc31111818]Table 7‑2: Post-Project Mitigation Measures
	Mitigation Measure
	Location of Observed Violation
	Contingency

	Existing [RAS No.]
	[Line No. (From Substation - To Substation)]
	

	
	[Line No. (From Substation - To Substation)]
	

	Planned [RAS No.]a
	[Line No. (From Substation - To Substation)]
	

	
	[Line No. (From Substation - To Substation)]
	

	
	[Line No. (From Substation - To Substation)]
	

	
	[xxxSTN (Substation Name and No., xxxS HH/LL kV transformer)]
	

	
	[Line No. (From Substation - To Substation)]
	

	Planned [RAS No.]
	[Line No. (From Substation - To Substation)]
	

	
	[Line No. (From Substation - To Substation)]
	

	TFO capital maintenance project to restore ratings on the [XXX] kV transmission line [Line No.]
	[Line No. (From Substation - To Substation)]
	

	Real time operational practices
	[Line No. (From Substation - To Substation)]
	

	
	[Line No. (From Substation - To Substation)]
	


 Notes:
a “Modify” refers to adding the Project to the logic of the planned [RAS No.].
[bookmark: _Toc514764783][bookmark: _Toc18925841][bookmark: _Toc31111851]Evaluation of Mitigation Measures
This section describes the results of the power flow studies that were performed to assess the impact of the Project on the performance of the AIES following the implementation of proposed mitigation measures. 
The post-mitigation measures studies were performed under Category B conditions for [list the appropriate scenarios here] using Alternative [X] and the RASs described in the previous section.
The post-mitigation power flow diagrams for selected Category B conditions are provided in [Attachment X]. Post-mitigation power flow diagrams present only those contingencies that result in thermal criteria violations that require RAS mitigation. Contingencies that result in thermal criteria violations that can be mitigated by real-time operational practices or TFO capital maintenance projects were not studied.
If more than one scenario was studied, add a subheading for each alternative, as in the example below. If only one scenario was studied, delete the subheadings.
[bookmark: _Toc18925842][bookmark: _Toc514764784][bookmark: _Toc31111852][e.g., Scenario 3: Description]
Category B Conditions
Adapt the following text as appropriate.
Thermal and voltage criteria violations observed under certain Category B conditions in the post-Project studies were mitigated by RASs as shown in Table 7‑3 and Table 7‑4. 
Include the following statement if appropriate.
After RAS actions were complete, real-time operational practices are required to fully alleviate certain thermal criteria violations observed on [e.g., 138 kV transmission line 701L].
[bookmark: _Ref23258606][bookmark: _Toc514764801][bookmark: _Toc18925870][bookmark: _Toc31111819]Table 7‑3: Post-RAS Power Flow Study Results for [Scenario 3]
	Contingency
(System Element Lost)
	Details of Violation
(Violation Observed On)
	Seasonal Continuous
Rating (MVA)
	Short-term (Emergency)  Rating (MVA)
	Post-Project Results
	Post-RAS Action Results

	
	
	
	
	Power Flow (MVA)
	% Loading
	Power Flow (MVA)
	% 
Loading

	e.g. Contingency 1
	e.g. Overload 1
	
	
	
	
	
	

	e.g. Contingency 1
	e.g. Overload 2
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Notes:
a [Add note where a violation remained after RAS actions were complete, and mention that real-time operational practices will mitigate the overload]
b [Add note where a cascading violation occurred after RAS actions were complete, and mention that real-time operational practices will be used to mitigate the overload.]

[bookmark: _Ref23258614][bookmark: _Toc514764802][bookmark: _Toc18925871][bookmark: _Toc31111820]Table 7‑4: Voltage Range Violations under Category B Conditions for [Scenario 3]
	Contingency
(System Element Lost)
	Substation Name and Number
	Bus Number
	Nominal kV
	Emergency Minimum Voltage (kV)
	Emergency Maximum Voltage (kV)
	Initial Voltage (kV)
	Steady State Voltage     (kV)
	Post- Mitigation Steady State     (kV)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	



[bookmark: _Toc18925843][bookmark: _Toc514764785][bookmark: _Toc31111853][e.g., Scenario 4: Description]
Category B Conditions
Adapt the following text as appropriate.
The thermal and voltage criteria violations observed under certain Category B conditions in the post-Project studies were mitigated by RASs as shown in Table 7‑5 and Table 7‑6. 
Include the following statement if appropriate.
After RAS actions were complete, real-time operational practices are required to fully alleviate certain thermal criteria violations observed on [e.g., 138 kV transmission line 701L].
[bookmark: _Ref23258651][bookmark: _Toc514764803][bookmark: _Toc18925872][bookmark: _Toc31111821]Table 7‑5: Post-RAS Power Flow Study Results for [Scenario 4]
	Contingency
(System Element Lost)
	Details of Violation
(Violation Observed On)
	Seasonal Continuous
Rating (MVA)
	Short-term (Emergency)  Rating (MVA)
	Post-Project Results
	Post-RAS Action Results

	
	
	
	
	Power Flow (MVA)
	% Loading
	Power Flow (MVA)
	% 
Loading

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Notes:
a [Add note where a violation remained after RAS actions were complete, and mention that real-time operational practices will mitigate the overload]
b [Add note where a cascading violation occurred after RAS actions were complete, and mention that real-time operational practices will be used to mitigate the overload.]

[bookmark: _Ref23258660][bookmark: _Toc514764804][bookmark: _Toc18925873][bookmark: _Toc31111822]Table 7‑6: Voltage Range Violations under Category B Conditions for [Scenario 4]
	Contingency
(System Element Lost)
	Substation Name and Number
	Bus Number
	Nominal kV
	Emergency Minimum Voltage (kV)
	Emergency Maximum Voltage (kV)
	Initial Voltage (kV)
	Steady State Voltage     (kV)
	Post- Mitigation Steady State     (kV)

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	



[bookmark: _Toc449939853][bookmark: _Toc18925844][bookmark: _Toc31111854]Constraint Effective Factor Studies [as required]
Constraint effective factor studies were conducted for all post-Project scenarios. The constraint effective factors were calculated for all Category B conditions when the loadings of the monitored transmission elements in the Study Area exceeded 100% (i.e., for all of the contingencies that resulted in thermal criteria violations). The results of the constraint effective factor studies are provided in [Attachment X].
[bookmark: _Toc433183403][bookmark: _Toc433187089][bookmark: _Toc433350474][bookmark: _Toc433183415][bookmark: _Toc433187101][bookmark: _Toc433350486][bookmark: _Toc433183426][bookmark: _Toc433187112][bookmark: _Toc433350497][bookmark: _Toc433183437][bookmark: _Toc433187123][bookmark: _Toc433350508][bookmark: _Toc295214917][bookmark: _Toc295214973][bookmark: _Toc294693574][bookmark: _Ref295216449][bookmark: _Toc306375204][bookmark: _Ref422985483][bookmark: _Ref422985485][bookmark: _Toc449939858][bookmark: _Toc18925845][bookmark: _Toc31111855]Project Interdependencies
Discuss if there are any interdependencies between this project and other system projects and customer connection projects. Indicate the impact of such interdependencies between the projects. Below are some examples of the write up:
Example for no project independency
[The Project is not dependent on the future developments of the AESO Long Term Plan for the region.] 
Example for project dependency 
[Transmission voltage criteria violations identified both pre- and post-Projects indicate the need for the Irish Creek 706S capacitor addition, as identified in the 2015LTP, prior to the 2017WP.]
Another example
[The Project is dependent on line 7L44 relay tele-communication upgrade to mitigate instability of Lowe Lake (NPP1) generator on a fault on line 7L44. The existing relay upgrade at Flyingshot 749S and Big Mountain 847S substation is scheduled for completion in the first quarter of 2016 (ATCO capital maintenance project). This upgrade will incorporate tele-communication functionality, i.e. communications assisted tripping, and will allow for reduced fault clearing times of 8 cycles for a remote fault on line 7L44. 
Upon the completion of this capital maintenance project, the NPP1 request to increase its STS contract from 93 MW to 105 MW can be realized.]
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[bookmark: _Toc31108277]Attachment A: Dynamic Data and Assumptions of All Equipment Proposed for the Connection


Study Area load representation assumed for the transient studies is shown in Table B-1
Table A-1: Transient Stability Analysis Load Representation
	Planning Areas
	% of load specified as Large Motors
	% of load specified as Small Motors
	The Remainder of the Load (excluding Motor loads)

	
	
	
	Active Power
	Reactive Power

	
	
	
	Constant Current
	Constant Impedance

	Areas in NW and NE regions
	40%
	30%
	100%
	100%

	Areas in other regions
	10%
	10%
	100%
	100%



List the dynamic data of all equipment proposed for connection to the grid, such as generators, excitation systems and their limiters, power system stabilizers (PSSs), turbine governors, wind turbines, static VAR compensators (SVCs), large motors, as well as all other relevant dynamic representations of the proposed facilities. Use a table. If it is not possible to present the information in a table, attach the detailed dynamic data in a comprehensive format or attach it directly as a dyr file. 

Table A-2: Generator Dynamic (Example)
	Generator Dynamic Data (GENROU model)

	T’do
	T"do
	T’qo
	T"qo
	H
	D
	Xd
	Xq
	X’d
	X’q
	X"d
	Xl

	
	
	
	
	
	
	
	
	
	
	
	

	S(1.0)
	S(1.2)
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	



Table A-3: Exciter Dynamic Data (Example)
	Exciter Dynamic Data (EXAC2 model)

	TR
	TR
	TR
	TR
	TR
	TR
	TR
	TR
	TR
	TR
	TR
	TR

	
	
	
	
	
	
	
	
	
	
	
	

	KH
	KH
	KH
	KH
	KH
	KH
	KH
	KH
	KH
	KH
	KH
	KH

	
	
	
	
	
	
	
	
	
	
	
	



Table A-4: Stabilizer Dynamic Data (Example)
	Stabilizer Dynamic Data (PSS2B model)

	Tw1
	Tw2
	T6
	Tw3
	Tw4
	T7
	KS2
	KS3
	T8
	T9
	KS1
	T1

	
	
	
	
	
	
	
	
	
	
	
	

	T2
	T3
	T4
	T10
	T11
	VSI1MAX
	VSI2MIN
	VSI1MAX
	VSI2MIN
	VSTMAX
	VSTMIN
	ICS1

	
	
	
	
	
	
	
	
	
	
	
	

	REMBUS1
	ICS2
	REMBUS2
	M
	N
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	



Table A-5: Governor Dynamic Data (Example)
	Governor Dynamic Data (GGOV1 model)

	R
	Tpelec
	Maxerr
	Minerr
	Kpgov
	Kigov
	Kdgov
	Tdgov
	Vmax
	Vmin
	Tact
	Kturb

	
	
	
	
	
	
	
	
	
	
	
	

	Wfnl
	Tb
	Tc
	Teng
	Tfload
	Kpload
	kiload
	Ldref
	Dm
	Ropen
	Rclose
	Kimw

	
	
	
	
	
	
	
	
	
	
	
	

	Aact
	Ka
	Ta
	Trate
	db
	Tsa
	Tsb
	Rup
	Rdown
	Rselect
	Flag
	

	
	
	
	
	
	
	
	
	
	
	
	



Provide a high-level summary of the modelling assumptions made for all other generators, such as the dynamic data provided by AESO used, the generator test reports used (where such test reports were available), and/or the standard generator data used (where such test reports were not available).
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[bookmark: _Toc31108278]Attachment B: Pre-Project Power Flow Diagrams (Scenarios 1 to [XX])

[bookmark: _Toc31108279]Attachment C: Pre-Project Voltage Stability Diagrams (Scenarios 1 to [XX])


Table C-1: Summary of Voltage Stability Outages; Initial Load Level for Area XX is YY MW
	System Condition
	Worst Case Outage
	Incremental Area Load Increase before Collapse Point (MW)
	Available Voltage Stability Margin (%)

	
	
	
	

	
	
	
	



All figures must be easy to read and have proper labels for both the x axis and the y axis. See Figure C-1 for an example. The table headings must identify the initial amount of static load in the study region or the initial transfer level, whichever is applicable. Figure C-1: Overview of Voltage Stability Outages (Example)

[bookmark: _Ref412105574]Figure C-1: Overview of Voltage Stability Outages (Example)
Show the Cat A, B, and C5 margins on the graphs as applicable.
 
System Condition: N-FNG,
Area Capacitor banks utilized to prepare for next outage,
RB Area Load = ~140 MW including losses, 
Examined: N-FNG-RL1
Rainbow Lake 791S 144kV Bus 
130
135
140
145
150
155
135
140
145
150
155
160
165
Rainbow Area Total Load (MW)
Voltage (kV) t
N-FNG
N-FNG-RL1+LS1
N-FNG-RL1+LS2
N-FNG-RL1+LS3
N-FNG-RL1+LS4
Margin





[bookmark: _Toc31108280]Attachment D: Pre-Project Transient Stability Diagrams (Scenarios 1 to [XX])



Use figures to illustrate the system dynamic responses following Category A, Category B, and Category C5 contingencies. The figures must be easy to read and properly labelled. The figure numbers should be noted in the Summary of Transient Stability table and in the attachment. Include figures for system voltages at key nodes in the Study Area, relevant generator angles with respect to the reference generator, the power output of the relevant generators in the area, and any other relevant information. Figure D-1 and Figure D-2 are examples of figures that show system response. 
Figure D-1: Three-Phase Fault near Example 1S Substation on 1001L (Example)
[image: ]
Figure D-2: Transient System Response following Loss of Example Generator (Example)
[image: ]


[bookmark: _Toc31108281]Attachment E: Alternative 1 Power Flow Diagrams (Scenarios 1 to [XX])


[bookmark: _Toc31108282]Attachment F: Alternative [XX] Power Flow Diagrams (Scenarios 1 to [XX])
[bookmark: _Toc31108283]Attachment G: Alternative 1 Voltage Stability Diagrams (Scenarios 1 to [XX])
[bookmark: _Toc31108284]Attachment H: Alternative [XX] Voltage Stability Diagrams (Scenarios 1 to [XX])


[bookmark: _Toc31108285]Attachment I: Alternative 1 Transient Stability Diagrams (Scenarios 1 to [XX])


[bookmark: _Toc31108286]Attachment J: Alternative [XX] Transient Stability Diagrams (Scenarios 1 to [XX])


[bookmark: _Toc31108287]Attachment K: Motor Starting Analysis and Diagrams


[bookmark: _Toc31108288]Attachment L: Constraints Summary Table – Loading and Voltage Performance (Scenarios 1 to [XX])


Table L-1: Remedial Action Scheme
	RAS Name
	RAS Description

	New PXXX RAS #1
	7L760 Thermal Protection Scheme- Oyen Wind Power Runback/DTT of WAGF

	New PXXX RAS #2
	O/L detections on 7L224 at Monitor 774S to trip 7L224 breaker 

	Planned RAS 749L-899S
	The Project to be required to participate in and modify the future 749L-899S RAS to alleviate 749L flow above the emergency rating

	Existing RAS #138
	The Project to be required to participate in and modify the existing ISO RAS #138 for 7L50 overload mitigation scheme




Table L-2: Constraints Summary Table – Performance Violations and Potential Mitigation Options
Remove columns that are not needed. E.g. if only thermal violations are observed, removed voltage and stability columns. Other critical project assumptions can be specified in an additional table.
	Triggering Events
(Element out of Service)
	Type of System Constraint
(Nature of constraint)
(ex. thermal violation, instability, voltage range violation)
	Details of Constraint
(ex. %I of MVA loading of nominal rating, nominal and short-term emergency rating, and direction of flow,  or what type of instability,  or voltage level)
	Assumed System Conditions
(ex. Summer peak, year,  and other critical project assumptions)
	Mitigation Approach
(RAS or Procedure, also include post-RAS system performance, ex. %I of MVA loading of nominal rating)

	
	
	Thermal 
	
	Voltage (Steady-State)
	Stability
	
	Automatic (RAS) OR Real Time Operating Practice
	Post RAS Action

	
	
	Normal Rating (MVA)
 
	Emergency Rating (MVA)
 
	Pre-Project Results
	Post-Project Results
	% Loading Difference (Post-Pre) 
	Location
	Voltage
	
	
	
	Action 1               % of MVA continuous Rating
	Action 2                % of MVA continuous Rating

	
	
	
	
	Observed Power Flow (MVA)
	% Loading
	Observed Power Flow (MVA)
	% Loading
	
	
	
	
	
	
	
	

	xxxL  (xxx xxxS - xxx xxxS)
	Thermal Violation xxxL (xxx xxxS - xxx xxxS)
	85
	94
	84
	98.8
	89
	104.7
	5.9
	 
	 
	 
	20xx Summer Peak (Scenario 1) 
(List other critical project assumption)
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[bookmark: _Toc31108289]Attachment M: Constraint Effective Factor (if necessary)


Regarding Generator Effectiveness Factor analysis, please address generator types in the Study Area and created effectiveness analysis table for N-0 and N-1 contingencies. 
               
Table M-1: Generator Types
	Plant
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx

	Type
	Wind
	Wind
	Wind
	Gas
	Gas
	Hydro
	Hydro
	Coal
	Coal
	Coal




                 Table M-2: 20xxSL (Post-Project), Generators Effectiveness Factors under Normal Condition (N-0)
	       Plant

Line
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	




                 Table M-3: 20xxSL (Post- Project), Generators Effectiveness Factors under Normal Condition (N-1)
	          Plant

Line
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
	xxx
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[bookmark: _Toc31108290]Attachment N: Power Flow Diagrams after RAS Action (Scenarios 1 to [XX])
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