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1. INTRODUCTION 
 
This study report describes the analysis undertaken by the Alberta Electric System 
Operator (AESO) to assess the system impact of a new Windy Flats 138S substation to 
terminate the proposed 240 kV 1037L/1038L, approved as part of the Southern Alberta 
Transmission Reinforcement (SATR) as a replacement for the existing 911L.  
 

1.1 Background 
In the SATR needs identification document (SATR NID), the AESO 
recommended the construction of a 240 kV looped system in southern Alberta to 
meet the need for transmission system reinforcement in southern Alberta, driven 
predominantly by the forecast development of wind generation.1Part of this 240 
kV looped system was construction of a new double-circuit 240 kV line 
terminating in the south at Peigan 59S substation and in the north at the future 
Foothills substation.  The Peigan 59S substation was also proposed to be 
equipped with 2x200MVA transformers replacing the existing 179MVA 
transformer in order to reliably integrate the existing wind in the area at the 
Peigan Hub. This new double-circuit 240 kV line now designated as 1037L/1038L 
and the Peigan 59S upgrade, was approved in Stage I, paragraph 1 in Approval 
No. U2011-115 (SATR NID Approval). 
 
In the course of developing its facilities application in respect of 1037L/1038L, the 
transmission facility owner (TFO), AltaLink Management Ltd. (AltaLink) identified 
two alternatives for the southern termination point of the proposed transmission 
line. The original Peigan 59S termination and a new Windy Flats 138S substation 
termination, each as further described below.   

 
1.2 Description of Alternate Configurations 
The Peigan Configuration would terminate 1037L/1038L at the existing Peigan 
59S substation and includes the installation of two shunt reactors2 and two 200 
MVA 240/138 kV transformers at Peigan 59S to replace the existing 179 MVA. 
 
The Windy Flats Configuration would terminate 1037L/1038L at a new Windy 
Flats 138S substation east of the Piikani Reserve and includes the following 
transmission developments. 

 
• new Windy Flats 138S substation including two shunt reactors and one 

240/320/400 MVA 240/138 kV transformer 
• in-out the existing 240 kV double circuit line 967L/1084L  
• re-terminate the existing 603L and 608L at Windy Flats 138S (currently 

terminated at Peigan 59S) 

                                            
1 Application No. 1600862, SATR NID Executive Summary, page i. 

 

2 The shunt reactors are common to each of the alternatives and are further described in the AESO’s 
Windy Flats Amendment to the SATR NID Approval. 
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The current area transmission system is shown in Figure 1-1. The Peigan 
Configuration is shown in Figure 1-2 and the Windy Flats Configuration is shown 
in Figure 1-3. 

 
Figure 1-1: 2011 Area Transmission System 
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Figure 1-2: Area Transmission System –Peigan configuration 
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Figure 1-3: Area Transmission System –Windy Flats Configuration 
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1.3 Study Scope 
The AESO performed steady state analysis to assess the system response for 
the Windy Flats Configuration.  As a point of reference for comparative purposes, 
the AESO also completed steady state analysis for the Peigan Configuration.3

 
This report is presented in the following six sections: 
 

1. Introduction 
2. Criteria and Assumptions 
3. Peigan Configuration Evaluation  
4. Windy Flats Configuration Evaluation 
5. Transformer Capacity Increase 
6. Summary and Conclusions 

 
The SATR Stage I and Stage II developments are planned to be completed by 
the end of 2015. In order to fully assess the system performance, 2016 summer 
peak and summer light load conditions were chosen for the assessment as 
further described in section 2.6. 
 
 

2. CRITERIA AND ASSUMPTIONS 
 
The analyses were conducted by using PTI PSS/E version 32.0.3.  The following criteria 
and assumptions reflect the development of the base cases and the methodology used 
in the analyses. 
 

2.1 Reliability Criteria 
The AESO Transmission Reliability Criteria forms the basis for AIES studies. The 
transmission system will normally be designed to meet the Reliability Criteria 
under credible worst-case loading and generation conditions.  
 
The AESO Reliability Criteria requires that system performance be evaluated 
under Category A (N-0 - system normal) conditions and Category B (N-1 - single 
element out-of-service) conditions.  Category A represents a normal system with 
no contingencies and all facilities in service.  Under Category A conditions, the 
system must be able to supply all firm load and firm transfers to other areas.  All 
equipment must operate within its applicable rating, voltages must be within their 
applicable ratings, and the system must be stable with no cascading outages.  
 
Category B events result in the loss of any single specified system element under 
specified fault conditions with normal clearing.  One of the specified system 
elements could be a generator, a transmission circuit, a transformer or single 

                                            
3Peigan 59S, as the southern termination point for 1037L/1038L,originally formed part of the Evaluation of 
Alternatives described in section 5 of the SATR NID. 
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pole of a DC line.  The acceptable impact on the system is the same as Category 
A.  
 
The thermal limits used in this analysis were one hundred percent of the normal 
summer and winter ratings. 
 
2.2 Applicable AESO OPPs 
The desired minimum and maximum voltage limits specified by AESO OPP-702 
were used to identify Category A (N-0) system voltage violations.  OPP-702 
voltage violations were alleviated prior to Category B (N-1) contingency analysis.  
Table 2-1 summarizes the OPP-702 desired voltage range for substations in the 
study area. 
 

Table 2-1: OPP-702 Desired VoltageRange 

Substation Name and 
Number 

Nominal 
Voltage 

(kV) 

Desired 
Min 
(kV) 

Desired 
Max 
(kV) 

Pincher Creek 396S 138 138 144 
240 235 258 Peigan 59S 138 138 144 
240 240 260 North Lethbridge 370S 138 138 144 
240 245 260 West Brook T28S 
138 138 144 

 
The extreme minimum and maximum voltage limits specified by the AESO 
Reliability Criteria were used to identify Category B system voltage violations.  
Table 2-2 shows the applicable acceptable steady state voltages for different 
transmission voltage classes. Table 2-3 shows the AESO’s voltage deviation 
criteria for Point of Delivery (POD). 
 

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

Nominal Extreme 
Minimum

Normal 
Minimum

Normal 
Maximum

Extreme 
Maximum 

240 220 240 264 264 
138 124 135 145 150 

 
 

Table 2-3: Voltage Deviation Criteria 
  Time Period 

Parameter and Reference Point  Post Transient 
(Up to 30s)  

Post Auto 
Control (30 

sec to 5 min)  

Post Manual 
Control (Steady 

State)  

Voltage Deviation from Steady 
State at POD Low Voltage Bus  ± 10% ± 7% ± 5% 
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2.3 Load Forecast 
The study area loads modeled in the 2016 summer peak and summer light load 
scenarios are provided in Table 2-4 and are consistent with the AESO’s 2009 
corporate load forecast, Future Demand and Energy Outlook (2009-2029). 

 
Table 2-4: 2016 Load Forecast 

Area Summer Peak Load 
(MW) 

Summer Light Load 
(MW) 

53 Ft. MacLeod 44.5 9.6 
 

 
2.4 Generation Assumptions 
To test the credible worst-case generation conditions, the study assumes high 
wind conditions and dispatch of all existing wind generation directly connected to 
the Peigan 59S substation. Table 2-5 shows the local existing wind generation 
directly connected to Peigan 59S substation.  

 
Table 2-5: Existing Wind Farm connected to Peigan 59S 

Number Plant Name Net to Grid 
Output (MW) Type 

1 Soderglen 68 Wind 
2 Kettles Hill 63 Wind 
3 Blue Trail 66 Wind 
4 Ardenville 66 Wind 

Total  263  
 
 
2.5 Transmission System Assumptions 
In the 2016 summer peak and summer light base cases, all of the SATR Stage I 
and Stage II developments described in the SATR NID Approval were assumed 
to be in place. SATR Stage III facilities were excluded from this analysis. 

 
2.6 Study Scenarios 
This analysis was based on assumptions regarding the future configuration of the 
AIES. Generally, the study assumptions reflect the best information available to 
the AESO at the time the studies were conducted. Study assumptions regarding 
the bulk transmission system are consistent with the study assumptions used in 
developing the Draft AESO 2011 Long-Term Transmission Plan.  
 
The 2016 summer peak and summer light load conditions were analyzed for 
each of the two alternatives. The following four study scenarios are:   
 

• Scenario 1 is the 2016 summer peak load condition with the Peigan 
Configuration. 

• Scenario 2 is 2016 summer light load condition with the Peigan 
Configuration. 
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• Scenario 3 is 2016 summer peak load condition with the Windy Flats 

Configuration. 
• Scenario 4 is 2016 summer light load condition with the Windy Flats 

Configuration.4 
 

MATL interchange was set to 0 MW. The Alberta to British Columbia (BC) 
interchange, the Alberta to Saskatchewan interchange and the City of Medicine 
Hat interchange assumptions are shown in Table 2-6 below.   
 

Table 2-6: Study Scenarios 
 Scenario 1 Scenario 2 Scenario 3 Scenario 4 

AB to BC (MW) 0 700 0 700 
AB to SK  (MW) 0 150 0 150 

CMH to AIES (MW) -26 50 -26 50 
Table Note: Positive numbers show that the flow direction is the same as the description in first 
column; negative numbers show the reversed direction. 
 
Table 2-7 lists the critical Category B contingencies to assess technical 
performance. These critical contingencies were applied to each of the four 
scenarios. 

Table 2-7: Critical Category B Contingencies 
Contingency From Substation To Substation  

1201L Langdon 102S BC Cranbrook 
955L Goose Lake 103S Peigan 59S 
956L Goose Lake 103S Peigan 59S 
967L Peigan 59S (Windy Flats 138S) North Lethbridge 370S 
968L Willow Ridge 246S North Lethbridge 370S 
1037L Peigan 59S (Windy Flats 138S) Foothills 237S 
1038L Peigan 59S (Windy Flats 138S) Foothills 237S 
924L Milo 356S Langdon 102S 
927L Milo 356S Langdon 102S 

 
2.7 Monitored Areas 
The study areas monitored for voltage and thermal violations during contingency 
analysis are shown in Table 2-8. These AESO planning areas are located in 
southern Alberta.   
 

Table 2-8: Summary of Monitored Areas for Contingency Analysis  
Area Number Area Name Voltage Range  

4 Medicine Hat 138 kV and above 
45 Strathmore/Blackie 138 kV and above 
46 High River  138 kV and above 

                                            

 
4 Each scenario assumes high wind conditions as described in Sec 2.4. 
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Area Number Area Name Voltage Range  

47 Brooks 138 kV and above 
48 Empress 138 kV and above 
49 Stavely 138 kV and above 
52 Vauxhall 138 kV and above 
53 Fort Macleod  69 kV and above 
54 Lethbridge 138 kV and above 
55 Glenwood 69 kV and above 

 
 

3. PEIGAN CONFIGURATION EVALUATION 
 
The performance of the Peigan Configuration system under Category A and Category B 
conditions was assessed by using 2016 summer peak and summer light cases. 608L 
overload was observed under Category A for both Scenario 1 and 2.5 The results are 
summarized in Table 3-1. Only the 608L overloads persist under the Category B 
conditions; there is no additional violation observed under Category B conditions. The 
load flow diagrams are shown in attachment A and attachment B. 

 
 

Table 3-1: Category A Overloads 

Overloaded Element 

Scenario Figure 
Number Contingency 

Monitored Element MVA 
Rating

MVA 
Flow 

% 
Flow 

1 A-1 Base Case 608L(608AL_TP 608AL – 
59S) 96 138 144 

2 B-1 Base Case 608L(608AL_TP 608AL – 
59S) 96 145 151 

 
4. WINDY FLATS CONFIGURATION EVALUATION 
 
The performance of the Windy Flats Configuration system under Category A and 
Category B conditions was assessed using 2016 summer peak and summer light cases. 
There is no violation observed under either Category A or Category B conditions. The 
load flow diagrams are shown in attachment C and attachment D. 
 
 
 
 

                                            

 
5 608L overload is managed by current AESO OPP-515. 

Alberta Electric System Operator 
RP_787-1                                                                9 



South Termination of SATR 911L Replacement Project Assessment 
Engineering Study Report 

 
5. TRANSFORMER SIZE AND REDUNDANCY CONSIDERATION 
 
In the SATR NID, the AESO described the high wind interest in southern Alberta, 
including 724 MW of actual wind interest near the Peigan 59S collector substation.6   As 
part of the SATR analysis, the AESO ascribed 262 MW of wind dispatch at Peigan 59S 
in 20177.  
 
In the SATR recommended plan, the AESO proposed Peigan 59S as the south 
termination point for 1037L/1038L. Due to the high wind interest in the area, the SATR 
NID proposed to replace the existing 179 MVA transformer at Peigan 59S with 2x200 
MVA 240/138kV transformers. In respect of the new Windy Flats substation, the AESO 
is proposing to leave the existing 179 MVA transformer at Peigan 59S in place and 
install one 400 MVA 240/138kV transformer at Windy Flats 138S substation to meet 
Transmission Reliability Criteria. Table 5-1 shows the local existing wind generation that 
will be directly connected to the Windy Flats 138S substation.  
 

  Table 5-1: Existing Wind Farm to be connected to Windy Flats 138S 

Number Plant Name Net to Grid 
Output (MW) Type 

1 Soderglen 68 Wind 
2 Blue Trail 66 Wind 
3 Ardenville 66 Wind 

Total  200  
 
Provision at Windy Flats will be made so a second 240/138kV transformer can be 
added in the future when deemed necessary. The AESO will continue to monitor the 
wind connection projects in the vicinity of Windy Flats 138S substation and will file for 
the need to increase the capacity at Windy Flats 138S substation as the need arises.  
 
6. SUMMARY AND CONCLUSIONS 
The assessment demonstrated that the Peigan and Windy Flats configurations have 
similar functionality and proved that the proposed Windy Flats 138S configuration can 
meet system requirements and at the same time mitigate the 608L Category A 
constraint.  
 
 
 
 
 
 
 
 
                                            
6SATR NID, Section 3.1.1 and Table 5.1-4. 

 
7SATR NID, Table 5.1-4, page 31. 
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Appendix A:   
Summer Peak load flow diagrams for Peigan Configuration 
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Figure A1 - System Normal Condition
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Figure A2 - 1235L Contingency
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Figure A3 - 955L Contingency
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Figure A10 - 927L Contingency



South Termination of SATR 911L Replacement Project Assessment 
Engineering Study Report 

 
 
 
 
 
 
 
 
 

Appendix B:   
Summer Light load flow diagrams for Peigan Configuration 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Alberta Electric System Operator 

RP_787-1                                                                22 



11.6
 32.0

 11.1
32.0

 13.6
56.2

13.7
 56.0

2.0
 24.324.3

 0.4
0.0

 0.1
 0.0

2.7
 40.8

 2.7
40.8

 2.2
40.8

4.8
 38.7

7.5
 69.4 70.0

 0.6
70.9

13.5
 67.2

 13.5

69.4
7.7

 14.8
137.4

16.4
 136.5

75.7
5.2  0.0

0.0

 8.2

16.1  16.0

4.1
1.9

 6.3
 1.9

 12.6
 32.0

 60.0
45.7 45.3

19.1
 78.7

51.8  51.6
 16.2

16.1
 88.9

16.1
 88.9

 0.8  1.1
 4.3

41.7

 16.9
 0.4  2.1

 3.7
 17.9

17.9

 3.8
 18.1

4.0
18.2

 3.7
 18.1

4.2
18.2

 83.7

6.0
 22.0 22.0

0.0
SW

229
170AL-TA

1.030
142.2
-3.0

1.035
142.9
29.1

1.035
248.3
26.5

1.030
142.1
28.5

0.972
67.1
28.4

 4.9

0.991
136.8
29.3

1.042
250.2
27.9

692
N LETHB7

916
MONAR TP

0.991
136.7
26.7

823
725BL

1.007
138.9
29.8

698
LETH674S

0.988
136.4
27.2

 1.4
 11.9

237
FORT MA7

33.8  33.2

3.9

 41.1

279
STAVELEY

232
COLEMAN7

1.034
142.8
28.5

 19.0
1.029
141.9
-1.0

60.5
1.026
141.6
0.4

722
WINDYTP

831
MCBRIDET

1.007
138.9
29.8

901
MCBRIDE1

1.009
139.2
30.2

0.996
137.4
30.2

0.994
137.1
29.8

0.996
137.4
30.2

837
SODGLTAP

358
SODER1

1.001
138.1
31.0

1.041
71.8
35.6

1.035
142.9
29.1

1.
00

00
-3

3.
00

1.
00

00

751
FIDLER01

752
FIDLER02

1.016
140.2
-1.5

 16.4
 127.2
19.5

114.5
0.7

 113.3

41.3
240.5

 238.3

2.7

106.1

230
OLDMAN D

1.030
142.2
0.3

1.
00

00

 2.0

234
CASTRIV1

264
COWLEY 8

 22.8
89.2

89.2
 22.8

 121.9
89.7

1.040
71.8
35.7

1.007
138.9
31.3

876
514BL TP

296
GOOSEL7

1.026
141.5
0.3

656
RUSSEL1

748
608AL_TP

409
KETTLES

78.7

1.034
142.8
28.5

224
PINCHER7

 7.5

 70.1

739
ARD_01

346
GOOSEL4

17.0

223
PINCHER8

543
OLDMAN1

336
SUMMER01

18.0
 4.71.9

16.6
0.1 0.3

1.3

 6.8

0.997
137.5
28.1

402
KETTLES1

1.040
71.8
35.7

11.1
32.3

347
LUNDBRE8

17.0

Bus - VOLTAGE (KV/PU)
Branch - MW/MVAR
Equipment - MW/MVAR

<=240.000<=69.000
<=600.000

<=138.000
>600.000

100.0%RATEA

1501
NATAL  7

1.034
142.7
1.0

 40.5

10.1

41.1

 10.9

1.
01

25
30

.0
0 240.2

350.0

 43.6

 349.1

721
WILRDG1

1.038
249.1
26.9

59.4 59.2

2016 SOUTH SYSTEM

KV: <=34.500
<=500.000

 41.7

1.038
249.0
24.0

1.036
248.6
25.8

238.5

128.2

0.994
68.6
31.3

 16.3

1.027
141.8
29.2

1.027
141.8
29.2

8.2
 62.7

451
MATLB1

1.048
251.5
28.2

 90.6

 59.5

90.8

737
SW_SUB_1

1.024
245.8
30.6

 114.4

57.5

62.7233
DRYWOOD7

166
PEIGAN 7

 110.6 110.9

13.7

1.
00

00

1.
05

42

 6.3

328
MACLEOD1

 69.2

122.2

 22.2

 106.0

334
SUMMER04

8.5

16.8

 8.5 8.5

16.8  16.9

1.036
248.6
25.4

354.6 353.7

62.8

4458
CHAPR2

1.050
252.0
17.7

SW

 217.3

471.5

 77.3

 466.2

118.0
471.5

 77.3

 466.2

118.0

50.5 42.4

221
CRR-W1

 57.4

 8.5

 16.8
1.030
142.1
0.3

126.2

 26.1

 125.8

27.5

1.020
140.7
0.2

720
HIGHWAY1458

CHAPR1

1.073
536.4
14.7

1.
02

00

1.
00

00 466.0 466.2

 9.3

1.
02

00

1.
00

00 466.0

33.1

466.2

 9.3

33.1

158
LANGDON2

1.054
526.8
11.8

 227.8

 64.3

228.8

 80.490000
1201L

1.072
536.2
14.5

703.2

14.2

 702.9

 19.7

1507
CRANBROO

1.057
528.6
9.7

702.9 698.6

22.7 19.7

5158
102ST1

1.047
251.4
10.4

0.
99

88

1.
00

00227.8

64.3

 227.8

 58.2

 2.1

167
N LETHB4

0.988
136.3
27.5

0.990
136.6
27.4

1.6
11.9

3.7

 5.2
 75.5

 0.2

115.4

 63.8

736
BSR_1

1.016
243.9
33.4

 98.7107.1

 43.3 41.4

 165.1

611
SUBC_240

1.048
251.6
31.9

26.7

219.0

 28.2

125.7

 6.1

 124.4

 4.9

2451
MATLB2

1.041
249.8
28.1

1.
00

000.7  0.6

 10.4

57.8

168.0  217.2

943
MILO 1

159
LANGDON4

 318.1

97.2

331.8

 51.1

 321.3

94.3  47.6

1.038
249.1
27.8

190.7 188.5

30.1

190.4

1.
00

00

1.
00

00  227.8

 59.5

227.8

58.3

 35.032.2

 188.0

SW
24.6

 29.7

 24.6

29.6 27.2 27.2

29.5 669
MEDHAT2

1.030
247.1
34.1

139.3

 38.1

 137.6

139.3

 38.1

 137.6

13.0

1.037
249.0
23.9

662
SUBD1

1.039
249.4
36.6

SW

27.0

 147.3

28.4

149.0

 45.1

 147.3

28.4

149.0

 45.1

 33.0

918
CASS01

13.0

53.9

1.038
249.1
27.8

430
W BROOK4

 29.6

 283.3

477
ELKWATR1

1.027
246.6
37.1

176.4

 27.6

 175.3

29.1 176.4

 27.6

 175.3

29.1

21.6

 40.5

 21.5

24.6

21.6

 40.5

 21.5

24.6

81.21.
04

35

 78.4

334.2

642
SC1C

1.034
248.1
18.4

652
SC1A

1.034
248.1
18.4

 17.8

1.034
248.1
18.4

643
SC1D

 16.1

 160.2

16.1

286.1

320.4

 32.2

 317.4 320.4

 32.2

54.7 160.2

1.034
248.1
18.4

653
SC1B

 317.4

54.7

453
458S_240

1.042
250.0
11.3

452
SADDLE4

1.042
250.0
11.3

0.0

0.0

0.0

 0.4 0.0

0.0

0.0

 0.4

1.042
250.0
11.3

317.4

 54.3

 317.4

54.3

 54.3

 317.4

54.3161
SARCEE 4

1.040
249.7
7.1

SW

0.0

 144.7

 14.6

 144.7

2.1

145.5

 14.6

544
ENMX65S4

1.043
250.3
9.4

 128.8

14.3

129.3

 23.4

 128.8

14.3

129.3

 23.4

317.4

2.1

145.5

772
ENMX25S7

1.044
250.6
9.3

16.4

 27.4

 16.4

16.4

 27.4

 16.4

25.8

160
JANET  4

SW

 121.7 121.8

 28.6
 121.7

28.2

121.8

 28.6

28.2

0.0

1.045
250.8
9.1

374.2

13.4

 373.0

 8.6 374.2

13.4

 373.0

 8.6
1.049
251.7
10.7 25.8

Thursday, December 1, 2011

244
VULCAN 7

0.989
136.5
26.2

1.
3

9.
9

 3
.3

67.3

 9
.9

333
QUENSTWN

0.989
136.5
26.1

 1.4

 1.4

 0.2

1.4

877
BASNTAP

0.985
136.0
26.1

 1.4

 3.6

276
W BROOK7

0.987
136.2
26.4

13.4

 2.0

 13.4

1.0

0.980
135.3
25.6

 14.8 14.8

2.6 3.7

0.2

1.4

399
BASSAN7

0.0

160.2

 16.1

 160.2

16.1

323.5

 9.2

 320.4

32.2

323.5

 9.2

 320.4

32.2

SW

0.0

1.
05

42

1.
00

00

 110.6

 6.3

110.9

13.7

 90.8

 8.2

91.4

 8.1

 157.0

157.6

 9.8

7.0

165
PEIGAN 4

 74.6

 29.3

75.5

 28.7

TASMO MODEL; OUTPUT GENERATED 2010-11-19 13:28:45
SWINGBUS 1520 FOR FC-2009-6:2016-10-31:8:32--1-0-0-0

617
FOOTHLL1

227
SHELL WA

1.035
248.5
25.6

BC Export:  700.0 MW2016 SL Peigan Configuration

Figure B1 - System Normal Condition
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Figure B2 - 1235L Contingency
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Figure B4 - 956L Contingency
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Figure B5 - 967L Contingency
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Figure B6 - 968L Contingency
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Figure B7 - 1037L Contingency
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Figure B8 - 1038L Contingency
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Figure C2 - 1235L Contingency
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Figure C4 - 956L Contingency
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Figure D6 - 968L Contingency
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Figure D10 - 927L Contingency




