
  

 

 
Feasibility Study 

For  
MPC01400 

Wind-Powered Generation Facility 
Interconnected at Euclid, ND 

 
 
 
 
 
 
 
 
 
 
 

Prepared by: 
Aaron Vander Vorst 

Tim Bartel 
Minnkota Power Cooperative, Inc. 

June, 2009 
  



 Page i 

Table of Contents 
 

1 Introduction .................................................................................................................. 1 
2 Study Development and Case Definition ...................................................................... 3 

2.1 Study Development ............................................................................................... 3 
2.2 Case Definition ...................................................................................................... 3 

3 Interconnection Impacts ............................................................................................. 10 
3.1 Substation and Wind Farm Feeders .................................................................... 10 
3.2 Radial Interconnection ......................................................................................... 10 
3.3 Voltage Support ................................................................................................... 14 
3.4 Grand Forks Area 69 kV Analysis ........................................................................ 16 
3.5 Interconnection Upgrade Costs and Schedule .................................................... 18 

4 Delivery Impacts ......................................................................................................... 19 
4.1 Delivery Constraints ............................................................................................. 21 
4.2 Sensitivity to the Pillsbury Wind Farm .................................................................. 21 

5 Short Circuit Analysis ................................................................................................. 22 
6 Conclusions ................................................................................................................ 23 

 
 
 

Table of Appendices 
 

Appendix A – Model Documentation 
Appendix B – Power Flow Summary Reports 
Appendix C – Study Area and Contingency Area Summary 
Appendix D – PSS\E Contingency Program Report Files 



 Page 1 

1 Introduction 
The purpose of this study is to evaluate the feasibility of interconnecting a 46 MW wind 
farm to the Euclid 69 kV radial line. Probable interconnection and delivery constraints, 
upgrades, and the associated costs are identified in the report.  
 
The study is listed in the MPC interconnection queue as MPC01400. Details of the 
interconnection request are as follows. 

• Interconnection request date: 6/20/2008 
• In-service date: 10/31/2011 
• Location: Polk County, MN 
• Interconnection service type: network resource (NR) 
• Generating facility type: wind 
• Balancing authority: Ottertail Power Cooperative 
• Original request 

o Size: 160 MW 
o Point of interconnection: Falconer – Crookston 115 kV line 

• Revised request 
o Size: 46 MW 
o Point of interconnection: Euclid Switch – Euclid 69 kV line 

 
Figure 1 shows a one line diagram of the local transmission system. The flows are 
shown in MW and MVars, and represent the post-project base case for a summer off-
peak load condition.
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Figure 1: Grand Forks Area Transmission Lines 

Redacted
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2 Study Development and Case Definition 

2.1 Study Development 
Siemens Power Technologies, Inc. (PTI) PSS/E digital computer power flow simulation 
software version 29.4 was used to build power flow base cases and to perform 
analyses.  

PSS/E version 31.0.0 was used to view sliders and to run contingency screens and 
manual contingencies.   

2.2 Case Definition 
This study employs the NMORWG study package dated 1/08/2009. The Northern 
MAPP Operating and Review Working Group (NMORWG) is composed of operations 
engineers from the regional transmission providers. The group meets regularly to 
discuss regional items, maintain power flow cases and study tools, and review regional 
studies. MISO members also participate in the group in order to maintain system 
reliability.  

The summer off-peak case urg-so08aa.sav was modified to reflect 2011 summer off-
peak conditions, including generation, load, and topology updates. 2011 conditions 
were chosen because rapid development of wind generation in the area has made it 
difficult to accurately predict conditions more than two years in the future. The off-peak 
case was used because it simulates maximum export from the area and the highest 
loading on the transmission system.  

2.2.1 Generation Modeling 
North Dakota base load generators are modeled at U.R.G.E. levels for interconnection 
studies. Engineering judgment was used to select nearby wind farm generation levels in 
order to demonstrate worst case loading violations. Table 1 summarizes North Dakota 
generation facilities and their operating levels in the base case. Modeling details of 
planned and in-service generation projects are listed in Table 2. Regional load was 
scaled up in order to include local wind generation, primarily Langdon Wind, without 
exceeding the North Dakota Export (NDEX) limit. 

A sensitivity was performed with Pillsbury Wind at full output (358 MW injected into the 
Maple River 230 kV bus). Hoot Lake units 2 (54 MW) and 3 (70 MW) were turned off 
and Big Stone was reduced by 163 MW to provide similar conditions to the Maple River 
Operating Study. 

A complete listing of generation in the model can be found in Appendix B. 
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Table 1: North Dakota Generation Dispatch 
Case 2011 Summer off-peak, high transfer 
ND Coal Field base load 
generation URGE 

ND Wind 
Generally 20% dispatched to ND load except 

Langdon at 100% to ND load 
Sensitivity run with Pillsbury at 100% to ND load 

Oliver Co. 1,2,3, BNI Wind 95 MW total, 45 MW on Square Butte DC, 50 
MW on ND AC system 

SW MN Wind 100% of 1200 MW 
Peaking Generation: 
Groton, Solway, 
Jamestown 
Culbertson 

Groton – Synchronous Condenser 
Solway – off 

Jamestown - off 
Culbertson - off 

Euclid Wind 46 MW 100% to swing bus 
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Table 2: In-service Generation and Other Queued Projects 

In-Service Generation
Dispatch MW

Bus Name Trade Name Project Queue Date Type Size Summer Off-peak
67295 Wilton Ecklund GI-0508 Apr 18, 2005 Wind 50 10.5
67292 Edgeley BEPC Pomona GI-0208 Jun 20, 2002 Wind 40.5 0
66881 Langdon (MPC) GM0100 Sep 11, 2006 Wind 99 99
66881 Langdon (OTP) GM0200 Nov 13, 2006 Wind 60 60
61603 Oliver Co 1 G502 Mar 14, 2005 Wind 50.6 40
61605 Oliver Co 2 GS659 Sep 1, 2006 Wind 49.5 30
63161 Edgeley OTP G291 Feb 5, 2003 Wind 21 4
67393 Baker Diamond Willow G767 Mar 20, 2007 Wind 19.5 0
67399 Ellendale Tatanka G132 Sep 17, 2001 Wind 180 36 (GE model)
63087 Velva G408 Mar 2, 2004 Wind 12 12
66883 Langdon 2 GM00300 Jul 31, 2007 Wind 40.5 40.5
66700 Pillsbury Wind Ashtabula I and II GM00500 Jan 3, 2008 Wind 358 70 Injected
67816 St. Leon Wind Wind 99 99

Planned Generation
Dispatch MW

Bus Name Queue Project Queue Date Type Size Summer Off-peak

90180 Rugby MISO G380 Nov, 2003 Wind 150 30
63171 Grant County MISO G474 Oct, 2004 Wind 20 4
67157 Minot 1 IS GI-0503 Jan, 2005 Wind 100 20
66473 Edgeley IS GI-0512 Aug, 2005 Wind 49.5 10.5
62525 Tamarac MISO G619 Apr, 2006 Wind 50 10.5
63645 Ladish 1 MISO G645 May, 2006 Coal 50 50
67301 Wilton 2 IS GI-0615 Oct, 2006 Wind 50 10.5
67165 Leland Olds-Groton tap IS GI-0616 Oct, 2006 Wind 81 0
67164 Leland Olds-Groton tap IS GI-0707A Apr, 2007 Wind 286 0
61618 Oliver County 3 MISO GS-660 Oct, 2007 Wind 50.6 9.6
61620 BNI MISO GS-661 Dec, 2007 Wind 75 15
67157 Minot 2 IS GI-0720 Nov, 2007 Wind 16 3
67825 Letellier MH Various 2005-2007 Wind 300 300
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2.2.2 Interface Modeling 
Major interface flows for the post-project case are listed below. A full listing of interface 
flows can be seen in Appendix B. The present operating limit for NDEX is 2080 MW. 
This NDEX limit was increased by the size of the wind farm in the post-project case to 
account for the output being sold into the MISO market. If dynamic stability results show 
that the system cannot exceed this NDEX limits safely, the Euclid wind farm may be 
forced to take curtailments during high export conditions. Alternately, the customer 
could choose to invest in transmission to increase NDEX capability. 

• Manitoba Hydro Export = 2172 MW (south)

• North Dakota Export = 2125 MW (2080 in pre-project case)

• Minnesota-Wisconsin Export= 1533 MW (east)

2.2.3 Load Modeling 
Load for summer off-peak studies is commonly modeled at 70% of summer peak. North 
Dakota load was scaled to 78.5% of the predicted 2011 summer peak load in order to 
include local wind generation without exceeding the NDEX limit in the pre-project case. 
Lower load levels are primarily of concern in dynamic stability studies, which were not 
performed.  

Detail was added in the Grand Forks area. Loads were transferred from bulk delivery 
points to distributed 69 kV buses in the area to accurately reflect flows related to the 
interconnection of the Euclid wind farm. Details of this modeling can be seen in Table 3. 

Loads associated with the Keystone Pipeline and the Ladish generation were also 
included in the study. 



Page 7 

2.2.4 Topology Modeling 
Topology changes and additions were made to the case to represent the summer 2011 
timeframe. The following modifications were made to the case: 

• The Euclid wind farm was modeled as a single generator with a .95 lead/lag
power factor capability

o The farm was connected to the Euclid 69 kV bus through a 34.5/69 kV
step-up transformer. The transformer was modeled assuming negligible
resistance and per unit reactance of 0.14.

o Capacitance of the feeders was not modeled, and may increase the
reactive power supply requirements

• The 69 kV network from the Master substation to the Euclid substation was
modeled, and was also extended through normally open sections to Thief River
Falls and Winger, as seen in Figure 1.

o On facilities that were identified for upgrade, the upgraded ratings and line
parameters were used in the model

• The second Hensel 115/69/41.6 kV transformer was added

• The BRIGO 115 kV lines were added

• The Mapleton – Casselton – Buffalo 115 kV lines were placed in-service

Table 3: Grand Forks Area Load Modeling Details 

Redacted
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• The Stone Lake and Badoura capacitors were locked (to facilitate power flow
convergence)

• Line ratings were updated as seen in Table 4 (Rate A = Continuous, Rate B =
Conductor, Rate C = Emergency)

Table 4: Updated Line Ratings 

Wind
From To Base kV Adjusted A B C
Langdon Devils Lake 115 71 71 78
Langdon Devils Lake 115 x 130 130 130
Langdon Hensel 115 214 214 235
Hensel Drayton 115 128 128 141
Hensel Drayton 115 x 191 191 210
Prairie Gateway 69 66 66 72
8th Ave Grand Forks 69 66 66 72
Sheyenne Audubon 230 254 254 280

Ratings (MVA)

2.2.5 System Intact Cases 
Two system-intact cases were created. Case building scripts for all cases are listed in 
Appendix A. 

1) E00-so11aa.sav – Pre-project case
2) E10-so11aa.sav – With Euclid Wind on at 46 MW output and MVar limits

consistent with a ± 0.95 p.f. capability
Two additional cases were created to run a sensitivity to Pillsbury Wind. Details of the 
changes made are described in Section 2.2.1. 

3) P00-so11aa.sav – Pre-project case
4) P10-so11aa.sav – With Euclid Wind on at 46 MW output and MVar limits

consistent with a ± 0.95 p.f. capability
All buses and loads in the Region of Interest (identified by counties outlined in Figure 2) 
were moved to Area 3 for ease of analysis. The approximate point of interconnection 
and the radial line from the Master substation to the Euclid substation are also shown in 
Figure 2. 
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Figure 2: Region of Interest 

= Point of Interconnection (Euclid 69 kV substation) 
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3 Interconnection Impacts 
Interconnection impacts are loading or voltage violations directly related to the 
interconnection of the wind farm. Violations include loading violations with a distribution 
factor greater than 10-20% and voltage violations which degrade the system voltage by 
more than 3%, subject to engineering judgment. (The term “Distribution Factor” refers to 
a calculation in which the difference between the pre- and post-project line flows is 
divided by the output of the new generation. It is commonly used in evaluating new 
generation impacts.)  

MPC has a tariff service for use of its transmission network. The cost of this tariff 
service is approximately $35,000 per megawatt per year. Additionally, a 15% general 
administrative charge is applied to the total cost incurred by MPC for interconnection 
upgrades. An estimated schedule is provided for each upgrade. 

3.1 Substation and Wind Farm Feeders 
The feeder network to bring the power from the turbines to the 69 kV substation is not 
designed by the transmission provider, so cost estimates are not included beyond the 
substation. The feeders often supply a large amount of reactive power, however. If this 
is found to cause high voltages (typically occurs when generation is low), the customer 
will be required to provide a reactor, synchronous condenser, or SVC to consume the 
feeder-generated Vars. Cost estimates have not been researched for this requirement. 

A new substation will need to be built at the Euclid 69 kV point of interconnection. A 
circuit breaker, relaying, and metering will be necessary. Estimates for the 69 kV 
substation and associated equipment are around $1 million.  

To protect against islanding the wind farm with the load at Euclid other local 
substations, transfer tripping capabilities, including a communication channel, must be 
installed, estimated at $50,000. Protection against out-of-synchronism reclosing is also 
necessary, which will cost about $20,000.  

MPC also operates a load management system which uses the transmission grid for 
communication of control commands to customer loads. Large generation installations 
may cause an unacceptable degree of interference with the signal or reduction of signal 
strength. This problem can be solved by the installation of selective frequency blocking 
filters between the generators and the point of interconnection. Evaluation of the impact 
of this project on the load management system signal has not been completed as part 
of the feasibility study, so it is not known if blocking filters will be needed. The cost of 
the blocking filters is estimated to be $500,000. 

3.2 Radial Interconnection 

3.2.1 Euclid – Master 69 kV Line Upgrades 
The current outlet for the wind farm is the Euclid – Euclid Switch – Tabor Switch – 
Grand Marais Switch – Master Sub 69 kV line. There are 2 miles of 1/0 conductor from 
the Euclid substation to the Euclid switch, and 19.2 miles of 4/0 conductor from the 
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Euclid switch to the Master sub. The power then enters the Grand Forks area 69 kV 
network, which is discussed in Section 3.4. 
 
The Euclid Switch – Master 69 kV line was originally built by MPC in 1941 to the then-
current maximum conductor operating temperature of 50˚C. Some poles have since 
been replaced and/or raised to an intermediate operating standard of 75 ˚C. The current 
MPC standard for uprating or building new 69 kV lines is 100˚C. As a result, any pole 
with 4/0 conductor which limits the desired wind farm capacity must be raised to allow 
operation at 100˚C. The Euclid Switch – Euclid Sub 69 kV line with 1/0 conductor was 
built in 1970 to an operating standard of 50˚C. MPC will not raise poles for 1/0 
conductor, but instead requires a complete rebuild. Therefore, if the 1/0 line is not 
sufficient for the generation outlet, it must be rebuilt with at least 4/0 conductor. 
 
As an option, the customer requested that wind-adjusted ratings be researched for use 
on the lines. The present wind-adjusted rating methodology in use by MPC establishes 
three zones as depicted in Figure 3 with radii of < 20 miles, 20-40 miles, and 40-60 
miles from the generation site. An assumed wind speed is derived based on the 
distance from the generation site. The wind-adjusted rating is then calculated based on 
the assumed wind speed. Table 5 shows a listing of assumed wind speeds for the given 
radii. 
 
Table 5: Methodology for Wind-Adjusted Ratings 
Methodology for Wind-Adjusted Ratings
Distance from Farm

> 60 miles
40-60 miles

20-40 miles (Zone B)
< 20 miles (Zone A)

Wind Speed Factor Wind Speed*
none 2 ft/sec (standard)
20% 6.4
40% 12.8
50% 16

*Assumes maximum generation occurs at a wind speed of 32 mph  
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Figure 3: Zoning for Euclid Area Wind-Adjusted Ratings 

 
 
The entire Master – Euclid 69 kV line falls well within a 40 mile radius of the wind farm. 
In fact, all of the line may fall within the 20 mile radius, depending on where the center 
point is placed. Table 6 shows the wind-adjusted ratings for the line based on season, 
conductor, operating temperature, and distance from the wind farm. From these ratings, 
it can be concluded that the Euclid Switch – Euclid Sub 1/0 conductor is not sufficient to 
carry the generation and must be rebuilt with new conductor.  
 
Table 6: Wind-Adjusted Line Ratings Master to Euclid Radial Line 
Summer
Conductor Operating Temp (˚C) Non-adjusted 20-40 miles < 20 miles
4/0 50 13 33 36

75 35 64 68
100 45 79 84

1/0 50 9 22 24
75 23 42 45

100 30 52 56

Wind-Adjusted Ratings (MVA)
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Rebuilding the two mile, 69 kV Euclid radial line is estimated to cost $100,000 per mile. 
A construction difficulty arises due to the tap point’s location on a radial line. The Euclid 
distribution substation must continue receiving power throughout construction. Three 
construction options are available for rebuilding this line. A completely separate 69 kV 
line could be built apart from the existing line and connected at the Euclid switch. This 
would add approximately $10,000 per mile in right-of-way expenses. Alternatively, to 
replace the old line using the same right-of-way, the old line can be temporarily tilted 
while the new line is installed. This option, including retirement of the old line, would 
cost around $40,000 per mile.  

The third option is not guaranteed and would be very time-sensitive. The low side of the 
Euclid distribution transformer connects to three radial 15 kV lines. The line to the west 
has a normally open connection to the Tabor substation. In light loading conditions, the 
east and south radials could potentially be supported by closing the connection to the 
west (line ratings were not looked into). 2008 reports show the lightest loading months 
on the Euclid substation were in May and October. Euclid had peak loads of 1.17 MW 
each month. Part of Tabor’s load might also be included in the load the line would have 
to support. Tabor’s monthly peaks were 2.12 MW and 1.90 MW, respectively. The 
percentage of this load which is served by the line to Euclid is unknown. The complete 
rebuild would take approximately two weeks, so a favorable advance forecast and 
carefully managed load control would be required to ensure light loading. 

Following the uprate of the Euclid Switch – Euclid Sub 69 kV line to 4/0 conductor, the 
entire line to the Master sub will be 4/0 conductor. Using the 20-40 mile range (to be 
conservative) with 4/0 conductor, Table 6 shows that the line must be built to 75˚C or 
higher to handle the 46 MW injected at Euclid (MVA flow is 51.1 for 0.9 pf). Therefore 
any pole which is designed to the 50˚C standard must be raised to the current operating 
standard of 100˚C. MPC’s databases show that roughly 20% of the poles will need to be 
raised. The estimated cost of raising structures is $7,500 per pole (approximately 17 
poles per mile). Line upgrade estimates are shown in Table 12. 

The higher flows resulting from the Euclid wind farm will require that the Euclid Switch 
be replaced with a line switch that has a vacuum interrupter. The present switch would 
not be capable of switching during high output from the wind farm, and could prevent 
maintenance or pose safety issues to line workers. Estimates for the new switch and 
communication to allow remote operator control are around $50,000. The other 
switches on the line are rated at 600A, or 72 MVA, and are not a limiting factor. They 
only need to be replaced if they are required to switch during high flow conditions. 

3.2.2 Alternate Switching Configurations 
Although the Euclid Switch is operated radially from the Master substation, it has a 
normally open 69 kV connection to the east (opened at Huot). Huot is fed from Thief 
River Falls through the Terrebonne substation. Another normally open line connects the 
Terrebonne substation to the Winger substation. The conductor used in the 69 kV 
network east of Euclid is a combination of 1/0, 2/0, 4/0, and 266.8 conductor, with a 
significant amount of it being 1/0 or 2/0. The transmission distance from Euclid to Thief 
River Falls is 61 miles and the transmission distance from Euclid to Winger is 60 miles. 
These alternate outlets were not studied.  
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If the customer wishes to remain online during outages of the Euclid – Master 69 kV 
line, extra reactive support and significant line upgrades would be required. If 
curtailments are accepted, the farm would need to remain off-line until any repairs were 
completed.  
 
A review of recent outage data was completed to gain an understanding of how often 
the Euclid line may be out of service. Fifteen minute historical snapshot data revealed 
two outages of the Euclid – Master 69 kV line between October 20, 2007 and May 25, 
2009. The first outage occurred on April 14, 2008, and lasted 45 minutes. Alternate 
switching was not used. The second outage began March 30, 2009 and ended May 7, 
2009, a total of 38 days. This outage was a very unusual event, as it was related to the 
2009 spring flooding in the Red River Valley. The Master – Grand Marais 69 kV line 
crosses the river near the Master substation, so circuit breaker 500 at the Master 
substation was opened. The loads were fed from Thief River Falls to minimize risk of 
further damage in the event of a fault on the river crossing. Tie line flows from the 
second outage can be seen in Graph 1. 

 
 

3.3 Voltage Support 
Reactive support must be supplied to provide the rated output at the point of 
interconnection within the range 0.95 leading p.f. to 0.95 lagging p.f. Other reactive 
support may be required if significant degradation of system voltages occurs due to the 

Graph 1: 2009 Flood Data for Euclid Area Power Flows 
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interconnection of the wind farm. Studies were run only on a summer off-peak case. 
Due to heavier loading during summer and winter peak load periods, extra capacitive 
support may be required which was not identified in this study. 

A PV analysis was run assuming a ±0.95 power factor limit. Bus voltages were 
monitored throughout the Grand Forks 69 kV area while scaling the wind generation 
output (system intact). The result is shown in Graph 2. Of note is the significantly higher 
voltage at the Euclid end of the line than at the Master substation. The voltage profile in 
Graph 3 shows that the voltage drops by 4% from the Euclid substation to the Master 
substation. (Note that the Master – Prairie and Master – Grand Forks segments of the 
graph are actually two different lines.) This voltage drop may require further reactive 
requirements. If the wind farm were to stay online for the alternate feeds mentioned in 
Section 3.2.2, reactive support would almost certainly be required in the middle of the 
line to support the voltages along the line. 
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*PV analysis performed in 5 MW increments

3.4 Grand Forks Area 69 kV Analysis 
The radial line from Euclid connects to the grid at the Master substation, where it has 
four 69 kV outlet lines. Two of the lines terminate at the Prairie substation, and two 
terminate at the Grand Forks WAPA substation. All serve load between Master and the 
terminating substation. There is also load directly connected to the Master substation. 
These substations, lines, and loads (summer off-peak) can be seen in Figure 1.  

To ensure that the four outlet lines were capable of handling the injection from the 
Euclid wind farm during outages of any of the 69 kV lines, manual N-2 contingency 
analysis was run on the four lines. Circuit breakers exist only at the Prairie, Master, and 
Grand Forks WAPA substations, so multi-section line faults occur on all of the lines. 
Two of the outlet lines are double-circuited for a mile, so a multi-circuit contingency 
option was also run. The double circuit is also triple-circuited for three-fourths of a mile, 
but the third circuit is operated normally open. The following list defines the multi-
terminal and/or multi-tower contingency list. 

Graph 3: Voltage Profile for Euclid Radial Line 
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'MSTR-PR 1'  Defined as multi-terminal
A 66904-61154 PRAIRIE8-GETWAY 8 CKT 1   OPENS  B
B 61154-66896 GETWAY 8-MASTER 8 CKT 1   OPENS  A

'MSTR-PR 2'  Defined as multi-terminal
A 66904-66897 PRAIRIE8-GUNCLUB8 CKT 1   OPENS  B
B 66897-66896 GUNCLUB8-MASTER 8 CKT 1   OPENS  A

'MSTR-GF 1'  Defined as multi-terminal
A 66202-66894 GRNDFKS8-MILL RD8 CKT 1   OPENS  B
B 66894-66896 MILL RD8-MASTER 8 CKT 1   OPENS  A

'MSTR-GF 2'  Defined as multi-terminal
A 66202-61151 GRNDFKS8-CENTRAL8 CKT 1   OPENS  B C D E
B 61151-61153 CENTRAL8-SUGARHL8 CKT 1   OPENS  A C D E
C 61153-61152 SUGARHL8-PARK   8 CKT 1   OPENS  A B D E
D 61152-67072 PARK   8-8 TH AV8 CKT 1   OPENS  A B C E
E 67072-66896 8 TH AV8-MASTER 8 CKT 1   OPENS  A B C D

'MSTR 2X CKT'  Defined as multi-tower
TRIPS MSTR-PR 2 AND MSTR-GF 2

The solution process was done in five steps for each of the outage combinations. They 
are as follows: 

1. Outage a single line section from the Master bus
2. Solve the power flow (full Newton-Raphson solution, stepping tap adjustments,

enable discrete shunt adjustment, disable area interchange control, enable dc
tap adjustment, automatically apply VAR limits)

3. Outage the multiple contingency
4. Solve again
5. Record flows from Master bus

Ratings for the outlet lines from the Master substation are shown in Table 7. Results 
from the manual contingency analysis are shown in Table 8. Initial screening showed 
that the outlet lines were capable of handling the injection from the wind farm during any 
single or double Grand Forks area 69 kV outage.  

Table 7: Ratings for Master Sub 69 kV Outlet Lines 

Normal
Emergency

Ratings* on Line from Master to:
Prairie through: Grand Forks WAPA through:

Gun Club (CB 400) Gateway (CB 100) 8th Ave (CB 200) Mill Road (CB 1100)
80 MVA
88 MVA

31 MVA
34 MVA

112 MVA
112 MVA

41 MVA
45 MVA

*Following a contingency, emergency ratings apply during the operational re-adjustment period.
Following system re-adjustment, the continuous ratings apply. 
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Table 8: Master Sub 69 kV Outlet Flows 
N-2 Analysis on
Master 69 kV Sub

MW MVar MW MVar MW MVar MW MVar
Prior Outage (69 kV) Contingency
Master - Gun Club Mstr-Pr 1 - - - - 10.7 -2.1 26.0 -12.5

Mstr-GF 1 - - 23.0 -6.6 13.7 -7.1 - -
Mstr-GF 2 - - 21.4 -3.3 - - 15.2 -11.7

Master - Gateway Mstr-Pr 2 - - - - 10.7 -2.0 26.0 -12.1
Mstr-GF 1 16.1 -9.4 - - 20.6 -5.7 - -
Mstr-GF 2 12.6 -6.8 - - - - 24.0 -9.2
Mstr 2x Ckt - - - - - - 36.7 -14.8

Master - 8th Ave Mstr-Pr 1 5.6 -6.3 - - - - 31.1 -9.6
Mstr-Pr 2 - - 14.9 -3.1 - - 21.8 -11.4
Mstr-GF 1 6.4 -7.9 30.4 -5.6 - - - -

Master - Mill Road Mstr-Pr 1 12.8 -9.8 - - 23.8 -6.0 - -
Mstr-Pr 2 - - 20.8 -6.5 15.9 -7.3 - -
Mstr-GF 2 6.3 -8.0 30.4 -5.8 - - - -
Mstr 2x Ckt - - 36.7 -13.0 - - - -

Flow from Master to:
Prairie through: Grand Forks WAPA through:

Gun Club (CB 400) Gateway (CB 100) 8th Ave (CB 200) Mill Road (CB 1100)

3.5 Interconnection Upgrade Costs and Schedule  
Estimated upgrade costs are mentioned in Sections 3.1-3.4 and are summarized in 
Table 12 in the conclusions section.  

Estimated construction schedules are also included in Table 12. It is anticipated that all 
construction could be completed in one year. 

These are non-binding, good faith estimates. 
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4 Delivery Impacts 
The scope of this feasibility study is limited to identifying and resolving possible criteria 
violations that may limit the ability of the generator to interconnect, and the results of the 
study do not imply the ability to deliver. Delivery related issues are addressed through 
separate delivery studies, should the proposed interconnection request a delivery 
service. It is important to note that the results of this study may depend significantly on 
the dispatch assumptions of the project sink and other planned generation with higher 
queue priority. 
 
For initial screening purposes, loading violations for the system intact case were defined 
as overloads greater than a line’s normal rating where the distribution factor was greater 
than 5%. Loading violations for a post-contingent case were defined as overloads 
greater than a line’s emergency rating where the distribution factor was greater than 
3%. Voltage violations for which the system voltage was degraded by more than 1% as 
a result of the project were also considered delivery impacts. Other impacts may also be 
identified by engineering judgment. (The term “distribution factor” or DF refers to a 
calculation in which the difference between the pre- and post-project line flows is 
divided by the output of the new generation.) 
 
An N-1 contingency screen was performed using the PSS\E contingency tool DCCC. 
Line flows were flagged at 90% of a line’s normal rating. Identified overloads and other 
known violations were run manually using an AC power flow solution for more accuracy. 
Files used for the screen are included in Appendix C. Results of the screen are included 
in Appendix D. A sensitivity to Pillsbury Wind was also run to observe common impacts 
with the Euclid wind farm. Four contingencies which are known to have limiting flows 
were simulated and flows were recorded from the limiting lines. Relevant results for all 
contingency analyses performed can be seen in Table 9 and Table 10. For system 
intact conditions, overloads are marked based on normal ratings. For post-contingent 
flows, overloads are marked based on 30 minute emergency ratings. 
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*Although an overload did not occur for this particular case, these results were included because the line has a known loading condition and could
potentially be identified for upgrade in a delivery study. 

*Although an overload did not occur for this particular case, these results were included because the line has a known loading condition and could
potentially be identified for upgrade in a delivery study. 

Contingency Monitored Element Normal Conductor Emergency Pre-project Post-project Delta MVA DF
Center-Jamestown 345 Center-Heskett 230* 428 428 471 463.9 465.6 1.7 3.7%
System Intact D602F 1732.1 2361.7 1905.3 1867.3 1880.4 13.1 28.5%
Audubon-Hubbard 230 Wilton-Bemidji 115 120 157 132 157.1 159.7 2.6 5.7%

Bemidji-Helga 115 116 144 128 128.4 131.1 2.7 5.9%
Helga-Nary 115* 116 144 128 124.7 127.4 2.7 5.9%

MVA Rating MVA Flows

Contingency Monitored Element Normal Conductor Emergency Pre-project Post-project Delta MVA DF
Maple River-Frontier 230 Maple River-Sheyenne 230 391 391 430 453.2 462.0 8.8 19.1%

Sheyenne-Audubon 230 254 254 280 362.1 370.4 8.3 18.0%
Fargo-Moorhead 230* 239 398 263 242.9 249.3 6.4 13.9%
Moorhead-Morris 230* 239 398 263 246.9 254.4 7.5 16.3%

Maple River - Sheyenne 230 Maple River-Frontier 230 265 265 292 316.2 326.8 10.6 23.0%
Frontier-Wahpeton 230 265 265 292 283.5 293.2 9.7 21.1%

Sheyenne-Audubon 230 Winger-Mahnomen 115 96 96 105 108.6 113.3 4.7 10.2%
Mahnomen-Ulrich 115 96 96 105 102.9 107.0 4.1 8.9%
Ulrich-Audubon 115* 96 96 105 97.1 100.6 3.5 7.6%
Maple River-Frontier 230 265 265 292 361.3 368.6 7.3 15.9%
Frontier-Wahpeton 230 265 265 292 325.4 332.4 7.0 15.2%
Wahpeton-Fergus Falls 230* 320 398 352 325.7 328.2 2.5 5.4%
Fargo-Moorhead 230* 239 398 263 239.7 244.8 5.1 11.1%
Moorhead-Morris 230* 239 398 263 241.9 247.6 5.7 12.4%

2x Ckt Maple River-Sheyenne 230     
       & Maple River-Frontier 230

Red River-Cass Tap 115 159 159 191 201.9 204.8 2.9 6.3%

MVA Rating MVA Flows

Table 10: Sensitivity of Euclid Wind Impacts on Pillsbury Wind Existing Conditions 

Table 9: Euclid Wind Delivery Impacts 
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4.1 Delivery Constraints 

4.1.1 Center – Heskett 230 kV Line 
For loss of the Center – Jamestown 345 kV line, an overload may occur on the Center – 
Heskett 230 kV line. The overload is a known condition on which the Euclid wind farm 
has a 3.7% DF. A special protection system is already in place which runs back the 
Young 1, Young 2, Coyote and Oliver County Wind generators, and runs up the Square 
Butte DC line. The customer may be held responsible for incremental generation 
reductions caused by the Euclid wind farm. 

4.1.2 Dorsey – Forbes 500 kV Line Impact 
Overload of the Dorsey – Forbes 500 kV (D602F) line is a pre-existing condition in the 
system intact case. The Euclid wind farm has a 28.5% DF on D602F. This impact is in 
common with that of two other area wind farms (Langdon Wind at 200 MW and the 
proposed St. Joseph wind farm at 300 MW) which also have high DFs on D602F. 
Langdon is the only farm constructed and has a standing operating guide in place 
(Dorsey-Forbes 500 kV Line – Standing – 2008 – 400). The guide calls for Langdon 
Wind to be curtailed for overload of D602F. Curtailment of the Euclid farm may also be 
required.  

4.1.3 Wilton – Bemidji – Helga – Nary 115 kV Line 
Overloads on the Wilton – Bemidji – Helga – Nary 115 kV line are known to be an issue. 
The Euclid wind farm has approximately a 5.8% DF on the three segments for loss of 
the Audubon – Hubbard 230 kV line. The customer may be held responsible for the 
impact of the Euclid wind farm on this line. 

4.2 Sensitivity to the Pillsbury Wind Farm 
Overloads on the 230 kV network around the Maple River substation were identified in 
the Pillsbury Wind system impact study. A sensitivity was run to calculate the impact of 
the Euclid wind farm on these overloads. The results shown in Table 10 represent a 
sampling of selected contingencies, and do not represent an exhaustive study. The 
results reveal that the Euclid wind farm has a significant impact on the Maple River 230 
kV outlets. Overloads on these outlets are currently mitigated by a special protection 
system which runs back Pillsbury Wind until the overload is mitigated. Curtailment of the 
Euclid farm may be required because of its impact on the outlet lines. If the lines are 
upgraded, the customer may be held responsible for a portion of the upgrade cost. 
These costs are listed in the Conclusions section of the Maple River System Impact 
Study, which can be accessed at http://www.minnkota.com under the Transmission 
Studies link. 

http://www.minnkota.com/�
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5 Short Circuit Analysis 
Short circuit calculations were performed using the Aspen™ Oneliner program for the 
Euclid wind farm project area. Fault currents for these simulations and the most limiting 
breaker interrupting ratings are shown in Table 11. 

Table 11: Euclid Area Fault Currents 

A comparison of the fault currents to the breaker capabilities at the local substations 
indicates that there may not be adequate interrupting capability. Two breakers (CB 020 
and CB 040) at the Master substation appear to be incapable of handling the fault 
current either before or after the new generation. The cost of replacing these breakers 
would be around $50,000 each. A more detailed analysis of this issue will be performed 
if a system impact study is requested which would confirm the need for new breakers 
and also determine responsibility for the expenses. 

Bus Pre-project 
3 Phase (Amps) 

Post-project 
3 Phase (Amps) 

Lowest Breaker 
Interrupting Rating 
at the Bus 

Master 69  kV 8416 8826 8400 A 
Euclid 12.5 kV (reclosers) 1409 1447 2000 A 
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6 Conclusions 
This study of the MPC01400 project has shown that interconnecting a 46 MW wind farm 
to the Euclid 69 kV radial line appears to be a feasible option. Costs for transmission 
lines, substation equipment, construction, and other terminal equipment upgrades 
resulting from the interconnection of the wind farm are summarized in Table 12, as well 
as associated tariff and administrative costs. It is estimated that all 69 kV system 
upgrades could be completed in one year. 

Equipment and construction costs directly related to interconnection of the wind farm 
compose the majority of the known expenses, and are described in detail in Section 3. 
Necessary transmission upgrades include a rebuild of the Euclid Switch – Euclid 
Substation 69 kV line and pole raises for approximately 20% of the 69 kV line from the 
Euclid Switch to the Master Substation. Wind ratings were used to reduce the number of 
structures which require an uprate. Upgraded switching, communications, and circuit 
breakers are necessary along the Master – Euclid 69 kV line. A new collector substation 
needs to be built to connect the farm into the existing transmission network. The 
substation requires anti-islanding capabilities to protect load customers and the 
generators. The substation may also require blocking filters to protect communication 
signals used by MPC’s load management system. 

Outlet lines from the Master substation do not appear to have any thermal constraints. 
Reactive support may be required to maintain a healthy voltage profile on the Master – 
Euclid 69 kV radial line.  

Delivery constraints are primarily composed of previously known loading violations on 
which the Euclid wind farm has a significant impact (greater than a 3% distribution 
factor). A summary of impacted lines can be seen in Table 9 and Table 10. Costs 
associated with obtaining firm transmission rights are not included in the scope of this 
study. 

Short circuit analysis revealed that two circuit breakers at the Master substation may not 
have sufficient interrupting capabilities to handle a three phase fault. These breakers 
may need to be replaced. 
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From To V (kV) Conductor Miles Upgrade Required Upgrade Cost % of Line Cost Estimate
Euclid Sub Euclid Switch 69 1/0 ACSR 1.99 Total re-build to 4/0 $100,000/mile 100% 199,000$         

-----> Tip lines and retire $40,000/mile 100% 80,000$           
-----> New Right-of-Way $10,000/mile 100% 20,000$           
-----> Distribution Backfeed - - -$  

Euclid Switch Tabor Switch 69 4/0 ACSR 10.08 Structure raises $7500/pole, 17 poles/mi 20% 257,000$         
Tabor Switch Gr. Marais Sw. 69 4/0 ACSR 4.42 Structure raises $7500/pole, 17 poles/mi 20% 113,000$         
Gr. Marais Switch Gr. Forks Sub 69 4/0 ACSR 4.35 Structure raises $7500/pole, 17 poles/mi 10% 55,000$           
Gr. Marais Switch Gr. Forks Sub 69 4/0 ACSR 0.38 Structure raises $7500/pole, 17 poles/mi 10% 5,000$             

Line Upgrade Sub-total¹ 679,000$         
¹Figure uses $50k as average construction cost for Euclid radial rebuild Estimated Time to Complete 1 year

Cost Estimate
1,000,000$     

50,000$           
20,000$           
50,000$           

100,000$         
500,000$         

-$  
Substation and Terminal Equipment Sub-total 1,720,000$     

Estimated Time to Complete 1 year

Sub-total 2,400,000$     
360,000$         

Total Cost 2,760,000$     

Annual Costs Annual Cost
$35,000 per MW per Year $1.61M/year 1,610,000$     

15% General Administrative Fee

MPC Tariff Service

New substation with associated equipment

Reactive support may be required (price not researched)

Transfer tripping for anti-islanding and corresponding communications equipment
Reclosure protection
Replace Euclid Switch with Monorupter and install communication
Master substation circuit breaker replacement (CB 020 and 040)
Blocking filters to protect load management system

Upgrade Required

Line Upgrade Costs

OR
OR

Substation and Terminal Equipment Costs

Table 12: Estimated Cost Summary for Interconnection of the MPC01400 Wind Farm at Euclid 
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Appendix A – Model Documentation 

Attachments: 
• Base case building scripts

o E00-so11aa.idv
o E10-so11aa.idv

• Pillsbury sensitivity case building scripts
o P00-so11aa.idv
o P10-so11aa.idv

• Scripts to add MPC01400 project to case
o mpc-GM01400-Euclid69-46MW-windfarm.idv
o mpc-sopk-add-Euclid-69kV-lines-load.idv
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Appendix B – Power Flow Summary Reports 

Attachments: 
• Pre-project documentation

o E00-so11aa.pfinfo (power flow summary)
o E00-so11aa.genlist (generation list)

• Post-project documentation
o E10-so11aa.pfinfo (power flow summary)
o E10-so11aa.genlist (generation list)
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Appendix C – Study Area and Contingency Area Summary 

Attachments: 
• DC power flow contingency files for system screening (115 kV and above)

o northmapp_hv-Euclid.con
o Euc-dccc.mon
o Euc-dccc.sub
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Appendix D – PSS\E Contingency Program Report Files 

Attachments: 
• DC contingency analysis output

o DCCC_Report-90pct.output
• Pre-project base case system intact overloads

o E00-Base Case Overloads.output
• Post-project base case system intact overloads

o E10-Base Case Overloads.output
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