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1.0: Executive Summary 

The Plymouth and Medina Electrical System Assessment (“Report”) was completed as part of the 
Company’s continued efforts to study alternatives available to address the reliability issues in the 
Plymouth area in  accordance with the Minnesota Public Utilities Commission’s May 2014 order in 
Docket Nos. E002/TL-11-152 and ET2/CN-12-113.  The electrical improvements examined in this 
Report are needed to address distinct deficiencies on the distribution and transmission systems in 
the Plymouth area.  Since both transmission and distribution needs are dependent on each other, the 
solution that is implemented must solve both of these system’s identified needs. Therefore, all 
alternatives proposed in this study are configured to solve both distribution and transmission needs 
for 20 years based on 1% load growth in the Transmission Area of Concern. This Report also 
identified conceptual solutions for the 20-40 year timeframe, given 1% load growth. If the 
Transmission Area of Concern experiences a higher than 1% load growth, these solutions may need 
to be implemented earlier than 20-40 years. However, if the Transmission Area of Concern 
experiences a lower than 1% load growth, these solutions will last longer than 20-40 years. 

The distribution need is driven by a deficit in the distribution system’s load serving capability of a 
Focused Study Area centered around western Plymouth. The distribution delivery system in the 
Focused Study Area has experienced steady load growth in recent years and is forecasted to exceed 
the capability of the existing distribution feeders by 30 MW in 2016.  Additionally, the load is 
forecasted to exceed the capacity of the existing substation transformers in the Focused Study Area 
by 11 MW in 2016.  These capacity issues could lead to an increase in the duration of outages during 
contingency operation as the load in the Focused Study Area continues to grow in the future.   

The transmission need is driven by increasing demand on the distribution system and deficiencies on 
the transmission system under contingency conditions to serve the load in the Transmission Area of 
Concern.  As the load on the distribution system in the Transmission Area of Concern grows, the 
transmission need to serve that load increases.  The transmission system capabilities are forecasted 
to be exceeded by 13 MW in 2016 

System alternatives presented in this study solve the capacity issues identified on the distribution 
system and the contingency issues identified on the transmission system.  All three alternatives 
assume that the Gleason Lake to Parkers Lake 115 kV double circuit line is rebuilt to two single 
circuits, due to the condition of the existing line, and that a 40 MVAR capacitor bank is installed at 
the Gleason Lake substation.  Maps of the near-term facilities in each alternative are shown in Figure 
1.1, followed by a description of the required facilities for each alternative.  
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Figure 1.1: Maps of Near-term Facilities for each Alternative 
    
Alternative A           Alternative B    Alternative C 

 
Note: All three alternatives include the age and condition rebuild of the Gleason Lake to Parkers Lake 115 kV double 
circuit lines rebuilt to two single circuits and a 40 MVAR capacitor bank installed at Gleason Lake substation.  
 

Alternative A:  

• Construct Pomerleau Lake 115/34.5 kV substation 

• Construct two 34.5 kV feeders out of Pomerleau Lake going west 

• Reinforce existing feeders and construct an extension of one 13.8 kV feeder at Parkers Lake 

 

Alternative B:  

• Expand Parkers Lake substation  

• Construct two 34.5 kV feeders out of the expansion at Parkers Lake going west 

• Reinforce existing feeders and construct an extension of one 13.8 kV feeder at Parkers Lake 

 

Alternative C: 

• Expand Hollydale substation to accommodate three additional 13.8 kV feeders 

• Construct Pomerleau Lake 115/69 kV substation 

• Construct a short extension of the existing 69 kV line to Pomerleau Lake; re-energize 
Hollydale-Pomerleau Lake 69 kV line, Medina-Hollydale 69 kV line remains energized 

• Reinforce existing feeders and construct an extension of one 13.8 kV feeder at Parkers Lake 
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Alternatives A and B utilize 34.5 kV feeder lines while Alternative C utilizes 13.8 kV feeder lines. 
Both alternatives that include 34.5 kV feeders (Alternatives A and B) require 12 pad mounted step-
down transformers and 12 pad mounted switching cabinets to interconnect with the existing 13.8 
kV system.  Figure 1.2 includes a detailed comparison of the three alternatives.  

Figure 1.2: Evaluation and Comparison of System Alternatives. 
Evaluation of 
Alternatives 
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Alternative A 
Construct 34.5 kV 
distribution lines 
from new  
Pomerleau Lake 
Substation to 
Hollydale Substation 

 8 miles near-term (9 miles long-term) of  new 
distribution line 

o 1 mile where no lines currently exist 
o 7 miles near-term (8 miles long-term) where 

there are already lines  

 145 homes along new distribution line routes 

 12 new pad-mounted transformers (approximately  
9x11x10 feet) & up to 12 switching cabinets (5x6x7 
feet) 

 New Pomerleau Lake substation site 

 Provides good solution for near-term 
(roughly 20 years). 

 
 Pomerleau Lake Substation makes future 

improvements to meet future needs east 
of I-494 less challenging and expensive. 

 
 Provides limited ability to efficiently 

increase load serving capacity  long-term 
to serve additional electrical demand 

 

Alternative B   
Construct 34.5 kV 
distribution lines 
from Parkers Lake 
Substation to 
Hollydale Substation 

 10 miles near-term (11 miles long-term) of  new 
distribution line 
o 0 miles where no lines currently exist 
o 10 miles near-term (11 miles long-term) 

where there are already lines 

 98 homes along new distribution line routes 

 12 new pad-mounted transformers (approximately 
9x11x10 feet) & up to 12 switching cabinets (5x6x7 
feet) 

 Expansion of Parkers Lake Substation site would 
occur on privately-owned land (parking lot, 
drainage easement) 

 No new substation site 

 Provides adequate solution for near-term 
(roughly 20 years)  
 

 Additional improvements will be needed 
east of I-494 and will be more challenging 
and expensive without a new Pomerleau 
Lake Substation.   
 

 Does not provide ability to efficiently 
increase capacity if needed in the long-
term to serve additional electrical demand. 
 

 A large amount of load would be served 
from Parkers Lake Substation which 
increases reliability risk. 

Alternative C   
Re-energize existing 
69 kV line east of 
Hollydale Substation 
and construct 13.8 
kV distribution lines 
from Hollydale 
Substation & 0.7 
miles of 69 kV line 
to connect existing 
line to new 
Pomerleau Lake 
Substation. 

 4 miles of  new distribution line 
o 0 miles where no lines exist 
o 4 miles were there are already lines 

 26 homes along new distribution line routes 

 0.7 miles of new transmission line 

 No new pad-mounted transformers needed 

 Vegetation management required on unmaintained 
69 kV line right-of-way east of Hollydale 
Substation (4 miles / approximately 63 residential 
lots) 

 New Pomerleau Lake Substation site 

 Provides good solution for near-term 
(roughly 20 years). 

 
 Pomerleau Lake Substation makes 

additional improvement needs east of I-
494 less challenging and expensive. 

 
 Provides ability to efficiently increase 

capacity if needed in the long-term to 
serve additional electrical demand. 
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The best performing alternative from an engineering perspective for the Transmission Area of 
Concern and Focused Study Area is Alternative C, due to the system flexibility, lowest capital 
investment, and least amount of new infrastructure. Alternative A is the next best solution due to 
the system flexibility to serve additional load that is provided with the addition of Pomerleau Lake 
substation . However, all three alternatives were designed to comparably meet the immediate, near-
term, and long-term load serving needs in the Transmission Area of Concern and Focused Study 
Area. Since all three alternatives are comparable solutions, input on non-engineering factors will be 
gathered during the permitting process that will help determine which alternative is selected for 
construction. 

 

2.0: Project History.   

2.1: Initial Electrical Studies 

In 2005 and 2006, the distribution system in Plymouth experienced historic peak loads and Xcel 
Energy’s distribution planning engineers observed that the existing distribution system was 
inadequate to serve these load levels. As a result, Xcel Energy’s distribution planning engineers 
began to study long-term solutions to address the distribution needs in this area.  In 2010, 
distribution planning published the Plymouth Load Serving Study which was a compilation of various 
study efforts undertaken since historic peak levels were reached in 2005 and 2006.  The Plymouth 
Load Serving Study evaluated three alternatives to address the need for a new source to the Plymouth 
distribution system.  These alternatives were evaluated based on system performance, operability, 
future growth, cost, and electrical losses.  The Plymouth Load Serving Study concluded that the best 
performing alternative included constructing a new 115 kV transmission line between a new 
substation near Schmidt Lake Road and Interstate 494 and the existing Hollydale and Medina 
substations and modifications of associated transmission facilities (Alternative A1). 

In response to a request from distribution planning for additional load serving capacity at the 
Hollydale Substation, Xcel Energy’s transmission planners published the Hollydale/Meadow Lake Load 
Serving Study in June 2011.  This study evaluated three transmission alternatives to provide additional 
capacity to the Hollydale Substation and the impact of these alternatives on the area transmission 
system.  This study also documented that because of load growth in the western metro area, 
particularly outside the I-494 loop, that the transmission system in the studied area is very near its 
load serving capacity.  This study also identified the loss of the Gleason Lake to Parkers Lake 
115/115 kV double circuit line as a key contingency that must be considered when determining 
which alternative to select to provide a new connection to the Hollydale Substation.  In evaluating 
the needs of distribution and transmission, this study concluded that Alternative A1 was the best 
transmission alternative based on power performance, price, distribution system losses, the ability to 
provide additional capacity at the Hollydale Substation, and future expansion capability. 

2.2: Route Permit and Certificate of Need Proceedings 

On June 30, 2011, Xcel Energy and Great River Energy filed an application with the Minnesota 
Public Utilities Commission (Commission) for a route permit for the Hollydale 115 kV 
Transmission Project.  As proposed in this route permit application, the Hollydale 115 kV 
Transmission Project included the rebuild of 8 miles of existing 69 kV transmission line to 115 kV 
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capacity in the cities of Medina and Plymouth and constructing 0.8 miles of new 115 kV 
transmission line and a new substation near Schmidt Lake Road and Interstate 494 (Hollydale 
Project).  The proposed facilities were intended to meet both the distribution and transmission 
needs of the studied area through the mid-century based on forecasted load growth. 

On August 25, 2011, the Commission accepted the Route Permit application as substantially 
complete and authorized the Minnesota Department of Commerce to process the application under 
the alternative permitting process set forth in Minnesota Rules 7850.2800 to 7850.3900.  

In October 2011, a public information and environmental scoping meeting was held to provide 
information about the Hollydale Project and to identify issues and alternatives to study in the 
environmental assessment (EA).  This scoping meeting was attended by 250 to 300 people and over 
450 written comments were submitted. 

On December 7, 2011, the Department issued a scoping decision that included 26 route alternatives 
to be evaluated in the EA.  While the Hollydale Project as proposed included less than 10 miles of 
new 115 kV transmission facilities and would not have required a Certificate of Need under 
Minnesota Statutes §§ 216B.243, subd. 2  and 216B.2421, subd. 2(3), several of the route alternatives 
included in the scoping decision would have required a Certificate of Need if they were selected by 
the Commission.  Given the possibility of the Commission selecting a route that would have 
required a Certificate of Need, Xcel Energy and Great River Energy filed a Certificate of Need 
Application for the Hollydale Project on July 2, 2012.   

During the Certificate of Need proceeding, Xcel Energy prepared the Hollydale Need Addendum 
(Addendum) to evaluate how distribution alternatives put forth during that proceeding performed 
compared to the Hollydale Project.  The study further evaluated the three alternatives initially 
proposed in the Plymouth Load Serving Study as well as two new alternatives. The Addendum was filed 
in January 2013 and recommended approval of the Hollydale Project. 

2.3: Hollydale Law 

During the 2013 legislative session, the Minnesota legislature passed a law, 2013 Minnesota Laws 
Chapter 57 Section 2, which established a Certificate of Need requirement and modified need 
criteria for the Hollydale Project (Hollydale Law).  Specifically, the Hollydale Law, enacted on May 
14, 2013, requires the Commission to review the Hollydale Project in a Certificate of Need 
proceeding regardless of the final length of the transmission line.  In addition, the Hollydale Law, 
requires that prior to issuing a Certificate of Need that the Commission must find “by clear and 
convincing evidence that there is no feasible and available distribution level alternative to the 
transmission line.  In making its findings the [C]omission shall consider the factors provided in 
applicable law and rules including, without limitations, cost-effectiveness, energy conservation, and 
the protection or enhancement of environmental quality.”  The Hollydale Law also suspended the 
Route Permit proceeding until the Commission determines that the Hollydale Project is needed. 

2.4: Additional Electrical Studies 

To comply with the Hollydale Law, Xcel Energy filed a supplement to the Certificate of Need 
Application in August 2013 (Supplement).  The Supplement evaluated the Hollydale Project 
compared to 15 other alternative projects to meet the distribution and transmission needs in 
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Plymouth and Medina.  These 15 alternatives included a distribution only alternative, alternatives 
that required no new transmission in the studied area, alternatives that defer construction of 
transmission until a later date, and the originally proposed Hollydale Project. The Supplement 
evaluated these alternatives based on technical feasibility, cost effectiveness, and other Certificate of 
Need criteria.   

After compiling peak load data for the summer of 2013, Xcel Energy updated the information in the 
Supplement in the Hollydale Project 2013 Peak Voltage Analysis (Peak Analysis) filed in October 2013. 

2.5: Withdrawal of Route Permit and Certificate of Need Applications 

In November 2013, public hearings were held on the Certificate of Need application.  
Approximately 300 people attended these hearings to express their concerns about the Hollydale 
Project and the preferred route. 

On December 10, 2013, Xcel Energy and Great River Energy filed a petition requesting permission 
to withdraw the pending Certificate of Need and Route Permit applications for the Hollydale 
Project.  The petition noted that during the Certificate of Need and Route Permit proceedings, 
landowners, parties, and other stakeholders had expressed concern about route preferred by the 
companies for the new 115 kV line.  In this petition, the companies requested permission to 
withdraw these pending applications to allow time to develop other alternatives to meet the electrical 
needs of the community that would be more acceptable to the community. 

2.6: Commission Order on Withdrawal  

On May 12, 2014, the Commission issued an order granting Xcel Energy and Great River Energy’s 
request to withdraw the pending applications for the Hollydale Project.  The Commission’s order 
also acknowledged that there are electrical issues in Plymouth and Medina that remain to be 
addressed.  The Commission’s order required the companies to “demonstrate the need for any new 
transmission they propose for the Plymouth or Medina project area.”  The Commission order 
further required that the companies file updates (six months after the date of the order and then 
quarterly thereafter) documenting their public outreach efforts, improvements made to the 
distribution system, load-serving capacity of the distribution system, and a report of demand-side 
management and other resources to address the reliability needs of the area. 

3.0: Study Scope 

This study is part of Xcel Energy’s continued study of the electrical needs of the Plymouth and 
Medina areas and the Company’s continued evaluation of different alternatives to meet those needs.   

4.0: Need Overview 

The alternative proposed in this Report are needed to address two distinct needs. The distribution 
need is driven by a deficit in the distribution system’s load serving capability of a Focused Study 
Area centered around the western Plymouth area. The transmission need is driven by load growth 
on the distribution system in a larger area than the distribution Focused Study Area (Transmission 
Area of Concern) and deficiencies on the transmission system under contingency conditions to serve 
this load. As the load on the distribution system in the Transmission Area of Concern grows, the 
transmission need to serve that load increases. Since the two needs are so interrelated, the solution 
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that is implemented must solve both of the identified needs. Therefore, all solutions proposed in 
this study solve both distribution and transmission needs.  

4.1: Distribution Need.   

4.1.1: Principles of Distribution Planning 

(a) Distribution System Overview 

Distribution feeder circuits for standard service to customers are designed as radial circuits.   
Therefore, the failure of any single critical element of the feeder circuit causes a customer outage, 
which is an allowed outcome for a distribution system. Feeders are designed to facilitate restoration 
of mainline capacity and restoration of service to most customers with simple manual field switching 
with some exceptions. The distribution system is planned to generally facilitate single-contingency 
switching to restore outages within approximately one hour. 

(b) Distribution Substations 

Xcel Energy plans and constructs distribution substations with a physical footprint sized for the 
ultimate substation design. The maximum ultimate design capacity established in Xcel Energy 
planning criteria is three transformers at the same distribution voltage.1 This maximum size balances 
substation and feeder circuit costs with customer service considerations including limitations of 
feeder circuit routes emanating from substations, circuit exposure of long feeder circuits, ease of 
operation, cost of operation, customer outage restoration, and the electrical losses. Over time, 
transformers and feeder circuits are incrementally added within the established footprint until the 
substation is built to ultimate design capacity. 

(c) Distribution Feeder Circuits System Intact and First Contingency Planning 

Normal operation (also called system intact or N-0 operation) is the condition under which all-
electric infrastructure equipment is fully functional. First contingency operation (also called N-1 or 
contingency operation) is the condition under which a single element (feeder circuit or distribution 
substation transformer) is out of service. Each distribution main feeder is generally composed of 
three equal sections. A feeder circuit should be loaded to no more than 75% of capacity during N-0 
conditions.  For example, a 12 MVA feeder circuit is designed to be loaded to 9 MVA during normal 
operating conditions.  To achieve this goal, a main feeder is generally designed so that each section is 
loaded to approximately 25% of the total capacity for the main feeder. This loading level provides 
reserve capacity that can be used to carry the load of adjacent feeders during first contingency N-1 
conditions.   

Figure 4.1 depicts a main feeder circuit, including the breaker and the three sections.  The red and 
green lines in the diagram represent switches that can be activated to isolate or connect sections of a 
feeder line. 

                                                 

1 There is one exception to this criteria. In downtown Minneapolis, the Fifth Street Substation 
houses four transformers to serve the significant load.  
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Figure 4.1: Typical Distribution Feeder Circuit Mainline with Three Sections Capable of 
System Intact N-0 and First Contingency N-1 Operations 

 

(d) Distribution System Design and Operation 

Distribution system load is planned, measured, and forecasted with the goal to serve all customer 
electric load under system intact and first contingency conditions. A distribution delivery system that 
has adequate N-1 capacity is one in which all customer load can be restored through distribution 
system reconfiguration by means of electrical switching in the event of the outage of any single 
element. 

Adequate N-1 substation transformer capacity, no feeder normal (N-0) overloads, and adequate field 
tie capability for feeder first contingency (N-1) distribution restoration are key design and operation 
objectives. To achieve these objectives, Xcel Energy uses distribution planning criteria to achieve 
uniform development of Xcel Energy’s distribution systems. Distribution Planning considers these 
criteria when identifying deficiencies with existing distribution systems and identifying 
improvements to address the identified deficiencies. 

(e) Planning Criteria, Distribution Feeder Circuits 

While the distribution guidelines vary depending on the specific distribution system, there are several 
basic design guidelines that apply to all areas of Xcel Energy’s distribution system. They are as 
follows: 

 Voltage at the customer meter will be maintained within 5% 
of nominal voltage, which is typically 120 volts. 
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 Voltage imbalance goals on the feeder circuits are less than or 
equal to 3%. Feeder circuits deliver three-phase load from a 
distribution substation transformer to customers. Three-phase 
electrical motors and other equipment are designed to operate best 
when the voltage on all of the three phases is the same or balanced. 

 The currents on each of the three phases of a feeder circuit 
are balanced to the greatest extent possible to minimize the total 
neutral current at the feeder breaker. When phase currents are 
balanced, more power can be delivered through the feeders. 

 Under system intact, N-0 operating conditions, typical feeder 
circuits should be loaded to less than 75% of capacity. Xcel Energy 
developed this standard to help ensure that service to customers can 
be maintained in an N-1 condition or contingency. If feeder circuits 
were loaded to their maximum capacity and there were an outage, the 
remaining system components would not be able to make up for the 
loss because adding load to the remaining feeder circuits would cause 
them to overload. By targeting a 75% loading level, there is generally 
sufficient remaining capacity on the system to cover an outage of an 
adjacent feeder with minimal service interruptions. A typical feeder 
circuit capable of delivering 12 MVA, for example, is normally loaded 
to 9 MVA and loaded up to 12 MVA under N-1 conditions. 

(f) Limitations to Installing Feeder Circuits 

Spatial and thermal limits restrict the number of feeder circuits that may be installed between a 
distribution substation transformer and customer load. Consequently, this limits substation size. 
Normal overhead construction is one feeder circuit on a pole line; high density overhead 
construction is two feeder circuits on a single pole line (double deck construction). When overhead 
feeder circuit routes are full, the next cost effective installation is to bury the cable in an established 
utility easement. Thermal limits require certain minimum spacing between multiple feeder circuit 
main line cables.  Thermal limits for primary distribution lines are defined in Electric Distribution 
Bulletins (“EDB”): UND6 and CAL2 for underground and the Construction & Design Manual C-
26 for overhead.  

When new feeder circuits are added to a mature distribution system, minimum spacing between 
feeder circuit main line cables sometimes cannot be achieved because of right-of-way limitations or a 
high concentration of feeder cables. Adding express feeders to serve distant high-load 
concentrations requires cable installation across distribution service areas where they do not serve 
any customer load. Cable spacing limitations and/or feeder cable concentrations frequently occur 
where many feeder cables must be installed in the same corridor near distribution substations or 
when crossing natural or manmade barriers. 

When feeder cables are concentrated, they are most often installed underground in groups (banks) 
of pipes encased in concrete that are commonly called “duct banks”. When feeder circuits are 
concentrated in duct banks, those cables encounter more severe thermal limits than multiple buried 
underground feeder circuits. Planning Engineers use CYMCAP software for determining maximum 
N-0 and N-1 feeder circuit cable capacities for circuits installed in duct banks.  
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When underground feeders fill existing duct lines to the rated thermal capacity, and there is no more 
room in utility easement or street right-of-way routes for additional duct lines from a substation to 
the distribution load, feeder circuit routing options are exhausted.  

(g) Planning Criteria, Distribution Substation Transformers 

Transformers have nameplate ratings that identify capacity limits. Xcel Energy’s Transformer 
Loading Guide provides the recommended limits for loading substation transformers adjusted for 
altitude, average ambient temperature, winding taps-in-use, etc. The Transformer Loading Guide is 
based upon the American National Standards Institute/Institute of Electrical and Electronic 
Engineers (“ANSI/IEEE”) standard for transformer loading, ANSI/IEEE P77.92. 

The Xcel Energy Transformer Loading Guide consists of a set of hottest-spot and top-oil 
temperatures and a generalized interpretation of the loading level equivalents of those temperatures. 
The top-oil and hottest-spot temperatures in the Xcel Energy Transformer Loading Guide are the 
criteria used by Substation Maintenance engineers to determine Normal and Single-Cycle 
transformer loading limits that Capacity Planning Engineers use for transformer loading analysis. 
When internal transformer temperatures exceed pre-determined design maximum load limits, the 
transformer sustains irreparable damage, which is commonly referred to as equipment “loss-of-life”. 
Loss-of-life refers to the shortening of the equipment design life that leads to premature transformer 
degradation and failure. 

Transformer design life is determined by the longevity of all of the transformer components. At a 
basic level most substation transformers have a high voltage coil of conductor and a low voltage coil 
electrically insulated from each other and submerged in a tank of oil. Transformer operation 
generates heat; the more load transformed from one voltage to the other, the more heat; too much 
heat damages the insulation and connections inside the transformer. Hottest-spot temperatures refer 
to the places inside the transformer that have the greatest heat, and top-oil temperature limits refer 
to the maximum design limits of the material and components inside the transformer. 

To ensure maximum life and the ability to reliably serve customers, Xcel Energy’s loading objective 
for transformers is 75% of normal rating or lower under system intact conditions. Substation 
transformer utilization rates below 75% are indicative of a robust distribution system that has 
multiple restoration options in the event of a substation transformer becoming unavailable because 
of an equipment failure or required maintenance and construction. The higher the transformer 
utilization, the higher the risk that service will be interrupted in the event of a transformer outage. 

(h) Ongoing Distribution System Reliability Assessment 

Distribution Planning regularly evaluates loads to determine overloads. Mitigations (projects) are 
developed to address the overloads. In general, infrastructure additions that address overloaded 
distribution system elements is an ongoing process.  

Distribution Planning annually compares feeder circuit historical and forecast peak load demands to 
distribution feeder circuit maximum loading limits to identify feeder circuits overloaded under 
system intact (N-0) conditions and feeder circuits overloaded under single contingency (N-1) 
conditions during peak loading. 

Distribution Planning also annually compares substation transformer historical and forecasted peak 
load demands on substation transformers to capacity load limits under system intact (N-0) and single 
contingency (N-1) conditions. Distribution Planning provides distribution substation transformer 
loads to the Transmission Planning Department (“Transmission Planning”). Distribution and 
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transmission planners routinely coordinate to identify distribution load impacts to the transmission 
system. 

Distribution Planning then quantifies the amount of overload and the duration of peak loading for 
feeder circuit and substation transformer overloads under system intact (N-0) and single contingency 
(N-1) conditions, determines the approximate cost of mitigating the overloads, and identifies the 
most critical distribution system needs. 

When Distribution Planning determines that a distribution system requires additional capacity from 
a new distribution source, it makes a formal request to Transmission Planning to interconnect to the 
transmission system. Transmission Planning takes the request and Distribution Planning and 
Transmission Planning coordinate to develop several alternatives that will address the distribution 
system deficiencies. Transmission Planning performs analyses to determine the impact of the 
selected alternatives on the transmission system. 

4.1.2: Hollydale Focused Study Area Distribution System Difficiencies  

The Focused Study Area comprises approximately 24-square miles in Plymouth and is depicted in 
Figure 4.2.  The Focused Study Area distribution load is primarily fed from three 115 kV 
transmission lines: (1) Medina – Gleason Lake, (2) Gleason Lake – Parkers Lake, and (3) Parkers 
Lake – Medicine Lake.  Thirteen feeder circuits emanating from three substations (Gleason Lake, 
Hollydale, and Parkers Lake) serve the Focused Study Area. 

Figure 4.2: Map of Focused Study Area. 

 
The current demand for power in the Focused Study Area exceeds the capabilities of the existing 
electrical system.  In 2014, the most recent peak year, the distribution feeders in the Focused Study 
Area reached an actual non-coincident peak loading of 121 MW.  In 2015, the distribution feeders in 
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the Focused Study Area reached an actual non-coincident peak loading of 110 MW.  In 2014, the 
two Gleason Lake 13.8 kV transformers peaked at 44 MW and the one 34.5 kV Gleason Lake 
transformer peaked at 45 MW.  In 2015, the two Gleason Lake 13.8 kV transformers peaked at 41 
MW and the one 34.5 kV Gleason Lake transformer peaked at 40 MW.  In 2014, the peak loads 
exceeded the distribution systems’ planned contingency capacity by 11 MW on the 34.5 kV 
transformer, a total of 14 MW on the 13.8 kV feeders and 13 MW on the 34.5 kV feeders (rounded).   

The 2014 peaks were similar to peaks in the recent years of 2011, 2012 and 2013, while the 2015 
peaks were abnormally low.  The decrease in load from 2014 to 2015 is likely due to cooler weather 
during the summer of 2015.  It can be expected that when typical warm temperatures return in 
future summers, feeder and transformer loads will meet or exceed historic peak load levels.  The 
feeder peak loading reached 122 MW in 2011, 124 MW in 2012 and 123 MW in 2013.  At the 
Gleason Lake substation, for the 13.8 kV transformers the historic peak was 49 MW in 2011 and for 
the 34.5 kV transformer the historic peak was 46 MW in 2013.   

In 2006, the peak loads exceeded the distribution system’s capacity.  After these historical peak loads 
were experienced, it became apparent that the distribution system in the area was becoming 
increasingly vulnerable to more frequent and longer duration overloads.  As a result, in 2008, Xcel 
Energy intensified its analysis of the distribution system to develop a long-term solution to serve the 
growing load.  A distribution study and the subsequent Certificate of Need, Addendum and 
Supplement documented the load serving needs and identified various solutions.  In this update, the 
more recent peak loads will be used to show the load serving needs. 

4.1.3: Distribution Feeders in the Focused Study Area 

The distribution system in the Focused Study Area consists of eleven 13.8 kV feeders and two 34.5 
kV feeders.  Of the 13.8 kV feeders, six are sourced from Parkers Lake substation, three from 
Gleason Lake substation and two from Hollydale substation.  The two 34.5 kV feeders are sourced 
from Gleason Lake substation.  The entire Hollydale substation is fed by one of the Gleason Lake 
34.5 kV feeders. 

For the 13.8 kV feeders, at projected peak load in 2016, some of these are currently experiencing 
overloads under normal configuration. Overloads also occur under contingency configuration while 
picking up load after the outage of an adjacent feeder. Overloads reduce the life of distribution 
system devices. Overhead wires can sag and potentially create clearance concerns; underground 
cables become distorted, which reduces the capability of the insulation. Other distribution 
equipment can overheat and not operate properly.   If an overload is high enough in magnitude or 
sustained for long enough in duration, an overhead line will melt, leading to a failure and then an 
outage. 

There are two 13.8 kV feeders with overloads ranging from 104% to 111%. Based on typical 
utilization limits, there is a deficit of about 14 MW of load in total on individual 13.8 kV feeders 
under contingency conditions.  For the 34.5 kV feeders, at peak load none are currently experiencing 
overloads under normal configuration but do have overloads under contingency configuration while 
picking up load after the outage of an adjacent feeder. Based on typical utilization limits, there is a 
deficit of about 16 MW total load on individual 34.5 kV feeders under contingency conditions in 
2016.   
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The loading (utilization) of feeders will continue to increase and is forecasted to grow at 
approximately 1% per year in the coming years.  While utilization varies from 54% to 111% on 
individual feeders the current utilization for the total of all 13.8 kV feeders in the Focus Study Area 
is at 79%.  Assuming an evenly loaded system the desired utilization is 75%.  This indicates that even 
if it were physically possible to reconfigure the load such that all feeders are evenly loaded, the 
system would still exceed the desired utilization.  Therefore, the entire area load needs additional 
capacity.  As load grows, individual feeder loads will be rearranged to reduce specific overloads but 
considered as a whole, the distribution system in the Focused Study Area is short of capacity.  As 
load grows and utilization increases the ability to rearrange feeders to serve load during normal and 
contingency conditions decreases. 

4.1.4: Distribution Substation Transformers in the Focused Study Area 

The distribution system substation transformers in the Focused Study Area consist of two 13.8 kV 
transformers and one 34.5 kV transformer. Both are located at the Gleason Lake substation. For the 
13.8 kV transformers, at peak load in 2016, there will be no overloads under normal configuration.  
Under contingency configuration while picking up load after the outage of an adjacent transformer, 
there is only about 1 MW of additional capacity available before a deficit occurs. For the 34.5 kV 
transformer, at peak load in 2016 there is no overload under normal configuration but there is an 
overload under contingency configuration while picking up load after an outage of this transformer. 
Since there is only one 34.5 kV transformer at the Gleason Lake substation, for loss of the 
transformer all load must be transferred to 34.5 kV feeders at nearby substations through existing 
feeder ties.  Based on the currently available 34.5 kV transfers, there is a deficit of about 14 MW 
under contingency in 2016.   

4.2: Transmission Need.   

4.2.1: Planning criteria 

The Transmission need in the Transmission Area of Concern is driven by the need to comply with 
NSP Transmission Planning Criteria under NERC TPL Standards. The NSP Transmission Planning 
Criteria is available at www.misoenergy.org. The criteria for voltage and thermal limitations are listed 
below in Table 4.1.  

Voltage Criteria 

Table 4.1: Voltage Planning Criteria 

 Maximum 
voltage (p.u.)

Minimum 
voltage (p.u.)

Maximum 
voltage (p.u.) 

Minimum 
voltage (p.u.)

Facility Pre Contingent Post Contingent 
 Default for all buses > 100 kV 1.05 0.95 1.05 0.92
 Default for all buses < 100 kV* 1.05 0.95 1.05 0.92
 Default for all generator buses** 1.05 0.95 1.05 0.95

*For 34.5 kV load serving buses, pre and post contingent voltage of above .90 PU would be acceptable. 
**For all Category A, B and C contingencies, except Category P6. After a Category P6 contingency, generator bus 
voltage would be allowed to drop to 0.92 PU. 

Line loading criteria 
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The ratings for facilities owned by NSP are specified in the NSP Ratings Database. The winter and 
summer ratings of facilities account for the thermal limit of all equipment, and relay loadability 
limits, as specified in NERC FAC-008 and FAC-009 standards.  

When planning NSP’s system for system intact conditions, the current flowing through a facility 
should not exceed the normal rating of that facility. When studying contingency conditions, the 
current flowing through a facility should not exceed the emergency rating of that facility. During 
transmission outages, it should be assumed that the system operators would take remedial action 
when the current on a facility is lower than the emergency rating and greater than the normal rating. 
When such remedial action is not available, the normal rating of the facility should be used. 

4.2.2: Transmission Area of Concern Difficiencies  

The transmission system in the western metro around the cities of Plymouth, Medina, and 
Minnetonka stretching west to Greenfield has reached its load serving limits. This region will be 
referred to going forward as the Transmission Area of Concern and is served by five substations: 
Gleason Lake, Greenfield, Medina, Mound, and Orono. Figure 4.3 below shows a map of the 
Transmission Area of Concern.  

Figure 4.3: Transmission Area of Concern 

 

The load in the Transmission Area of Concern peaked in 2013. The load level achieved in 2013 
exceeded the capabilities of the transmission system under contingency. Due to this potential NERC 
violation, Xcel Energy installed Under Voltage Load Shedding (UVLS) to protect the transmission 
system until a permanent solution is built. The peak load in this area for the last ten years is listed 
below in Table 4.2: 
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Table 4.2: Historic peak load in the Transmission Area of Concern. 
Transmission Area of Concern 

Year MW 
2015 144.90 
2014 150.54 
2013 155.86 
2012 152.62 
2011 149.29 
2010 145.51 
2009 131.97 
2008 122.63 
2007 113.07 
2006 135.67 

 

Figure 4.4 below shows the peak loads for the last ten years plotted. The trend line in blue shows the 
overall load growth trend in Transmission Area of Concern. 

Figure 4.4: Chart showing historic peak loads in the Transmission Area of Concern. 

 
The historical load in the Transmission Area of Concern shows strong load growth, while showing 
the financial crisis that the US experienced in 2007-2008 which temporarily reduced peak load 
during that period. The trend line above represents approximately 3.5% load growth; however Xcel 
Energy believes this is not sustainable over the next 40 years. Since this study is looking at 40 years, 
a load growth rate of 1% will be analyzed.  Note that the load growth is not as important as the total 
load served in the Transmission Area of Concern. If load growth occurs faster or slower than the 
analyzed rates, the need year of additional facilities will change accordingly.  

Figure 4.5 below shows the peak loads for the last ten years and the future projected loads on a 
single plot. Power flow simulations were used to identify voltage violations in the Transmission Area 
of Concern, occurring at 153 MW of area load. This critical load level of 153 MW in the 
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Transmission Area of Concern, which triggers the transmission need, is indicated by the blue line in 
the figure.  The critical load level is independent of load growth and simply states the amount of 
load which triggers needed system improvements.  The black line shows the forecasted loads in the 
Transmission Area of Concern using a 1% load growth after known load additions have been taken 
into account. As can be seen in the graph, the critical load level is exceeded in 2016 and beyond.   

Figure 4.5: Transmission Area of Concern historic and forecasted peak loads. 

 
Under system peak conditions, the critical contingency condition in the Transmission Area of 
Concern is the Gleason Lake – Parkers Lake 115 kV double circuit line outage. During this 
condition, the entire Transmission Area of Concern load is served from a 115 kV path from 
Dickinson in the west and a 69 kV path connecting to St. Bonifacius in the south. These two 
sources are not strong enough to support the large load at Gleason Lake, which is located the 
furthest distance from either source. Figure 4.6 shows the area in a power flow simulation tool 
which shows the Transmission Area of Concern under the critical condition during a simulated 2013 
peak (156 MW). Under this critical condition, the load at Gleason Lake is below acceptable voltage 
levels. Note that blue means low voltage and red means high voltage, the color gets darker as the 
voltage gets more severe. Gleason Lake substation is circled in black. 
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Figure 4.6: Power flow results for Transmission Area of Concern under critical condition 
during 2013 peak. 

 
 

5.0: Analysis of the Plymouth Electric Distribution Delivery System in the Focused Study 
Area 

5.1: Feeder circuits 

Distribution Planning assessed the electric distribution delivery system’s ability to serve existing and 
future electricity loads in the Focused Study Area by evaluating the historical and forecasted load 
levels and utilization rates of the 13 feeder circuits (11-13.8kV and 2-34.5kV) that serve the Focused 
Study Area over a period of 20 years (i.e., target year of 2036). The Planning Engineers then 
identified existing and anticipated capacity deficiencies resulting in overloads during N–0 (system-
intact) and N–1 (single contingency) operating conditions. 

In conducting this Study, Planning Engineers relied on the following resources: 

 Synergi Electric software package. Synergi is a software tool that can be used to explore and 
analyze feeder circuit reconfigurations. When historical peak load data is added from the 
Distribution Asset Analysis (“DAA”) software package, Synergi is capable of providing load 
flow and voltage regulation analysis. Synergi is a tool that can generate geographically correct 
pictures of tabular feeder circuit loading data. This functionality has been achieved through 
the implementation of a Geographical Information System (“GIS”) extraction process. 
Through this process, each piece of equipment on a feeder, including conductor sections, 
service transformers, switches, fuses, capacitor banks, etc., is extracted from the GIS and 
tied to an individual record that contains information about its size, phasing, and location 
along the feeder. All distribution feeders that are part of the Focused Study Area were 
extracted from the GIS software and imported into Synergi. 

 Xcel Energy Distribution Planning Load Forecast for N-0 feeder circuit and substation 
transformer analysis. Planning Engineers used DAA to record historical non-coincident peak 



Xcel Energy Services, Transmission Reliability and Assessment. Plymouth and Medina Electrical System Assessment. 6/1/2016 

 20 

loads on distribution feeder circuits and distribution substation transformers. Distribution 
Planning Engineers annually examine each distribution feeder circuit and distribution 
substation transformer for peak loading. They use specific knowledge of distribution 
equipment, local government plans and customer loads to forecast future electrical load 
growth. Planning Engineers consider many types of information for the best possible future 
load forecasts including: historical load growth, customer planned load additions, circuit and 
other distribution equipment additions, circuit reconfigurations, and local government 
sponsored development or redevelopment. 

 Xcel Energy Feeder Status Sheets for feeder circuit N-1 load allocation and N-1 analysis. 
Planning Engineers used Feeder Status Sheet software (“FSS”) to allocate measured peak 
loads to main line feeder sections. Engineers validate and record feeder main line additions 
and reconfigurations using this tool. They analyze the N-1, first contingency breakdown of 
each distribution feeder circuit for the forecasted years. 

 Xcel Energy Substation One Line Drawings. Planning Engineers used Xcel Energy 
Computer Aided Design software (“CAD”) to develop CAD drawings modified by 
substation engineers as needed to reflect present substation configurations. 

 Xcel Energy Distribution Feeder Maps. Planning Engineers used Xcel Energy CAD 
software to develop CAD drawings to reflect present feeder circuit mainline and tap 
configuration. 

 Plymouth Maps. Planning Engineers used Internet live search maps to make a map of the 
area, GIS software and Synergi software tool to make geographic based pictures of the 
feeder circuit configuration and to illustrate feeder circuit loading levels. 

5.1.1: Feeder Circuit Historical Load 

Feeder circuit peak loading in the Plymouth area is measured during the summer. Both feeder circuit 
and substation transformer load correlates to summer temperatures based on customer air 
conditioning usage in response to summer temperatures. This is illustrated in Figure 5.1, which 
compares the Gleason Lake and Parkers Lake substation transformer measured peak load and 
outside temperature during July 2012. 
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Figure 5.1: July 2012 Gleason Lake and Parkers Lake Substation Peak Load and Outside 
Temperatures 

 
Each distribution feeder in the Plymouth area has three phase meters located in the substation, 
which are read monthly and the data recorded in Passport, a record-keeping software. These meters 
record the monthly peak for the feeder. The distribution feeders in the Focused Study Area also 
have a SCADA system that monitors the real time average or three phase amps on the feeder. This 
system feeds a SCADA data warehouse and the DAA warehouse where hourly data is stored so the 
feeder load history can be viewed by Electric System Planning and Field Operations. When three 
phase load data is available, the highest recorded phase measurement is used in the distribution 
forecast. Each feeder circuit non-coincident peak history from 2001 through 2015 is used to forecast 
2016 through 2036 peak loads. 

Measured peak loads fluctuate from year to year due to the impacts of the duration and intensity of 
hot weather and customer air conditioning usage. In the Focused Study Area, feeder circuit load 
fluctuates in a bandwidth of 5 MW to 14 MW from cooler years to historic peaks occurring in 2002, 
2006 and 2012. Even though the measured peak load decreases in cooler years, the historic peak 
represents latent load levels that will recur in years that have higher temperatures. The measured 
peak load for feeders increased an average of 0.8% per year in the eight years between 2001 and 
2014, the most recent peak year.  The historical loads for the feeder circuits serving the Focused 
Study Area from 2001 through 2015 are shown below in Figure 5.2 and are also detailed in 
Appendix B. 
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Figure 5.2: Historical Summer “Peak” Demand for the Focused Study Area 

 
In addition to peak loads, Planning Engineers researched existing customer load density. Individual 
distribution transformers serve a single customer or multiple customers.  As customer load grows in 
developed areas such as the Focused Study Area, distribution transformers are changed to higher 
capacity equipment when customer demand exceeds the capacity of the original transformer. 
Distribution transformers are an excellent indicator of customer electrical loading and peak electrical 
demand. Figure 5.3 is a graphic, developed using Synergi software, illustrating distribution 
transformer installation by size (which indicates present customer load density) in the Focused Study 
Area. 
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Figure 5.3: Distribution Transformer Sizes (Which Is Indicative of Customer Load 
Density) in Focused Study Area 

 
The customer load serving transformers shown in Figure 5.3 are colored based on the size of the 
transformer. The largest commercial customers in Plymouth are shown in yellow. Customers in large 
multi-residence buildings (more than 100 units), large multi-use buildings, large retail stores, or 
corporate data centers typically have one or more transformers depicted as yellow dots. Customers 
in small and mid-sized commercial buildings, including retail stores and restaurants are served by 
smaller transformers that are shown as red. Residential customers and other lowest usage customers 
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are shown in blue. Red and yellow show high density load corridors along MN Highway 55 and 
Interstate 494. 

5.1.2: Feeder Circuit Load Forecasts 

The feeder circuit load is forecasted for each feeder circuit. Feeder circuit load forecast evaluation 
uses a trending method, which considers a combination of historical growth, customer reported load 
additions, local government and developer projects or plans, and any additional information that 
impacts the circuit load growth. The table entries were calculated using the individual feeder circuit 
forecasts provided in Appendix B.   

The historical data analysis of Focused Study Area in the previous section combined the 13.8 kV 
areas and 34.5 kV areas in order to gain an accurate representation of historical load growth within 
the Focused Study Area from 2001-2015.  The historical load data indicated that the load has been 
growing within the Focused Study Area over the last decade.  To analyze the distribution system for 
the future and to identify the capacity needs, the 13.8 kV and 34.5 kV areas as identified in Section 
3.1 of this Study, also need to be analyzed separately for N-1 contingency capacity.  The 34.5 kV 
feeder analysis includes the embedded Hollydale 13.8 kV feeder load to reflect the impact of the 
34.5 kV source at Hollydale. 

Distribution Planning took a conservative outlook for forecasting feeder circuit load for this Study 
because of anticipated customer conservation and a soft economy. Distribution Planning forecasted 
the feeder loads in 2016 based on recent 2011 to 2013 historic peaks and used a growth rate of 1.0% 
to forecast load levels on the eleven 13.8 kV feeders and two 34.5 kV feeders for the next 20 years, 
representing growth in demand of approximately 28 MW by 2036. 

Figure 5.4 is a linear depictions of the load growth on the eleven 13.8 kV feeder circuits and the two 
34.5 kV feeder circuits in the Focused Study Area from 2001 through 2036. The “Conservative 
Forecast” line depicts loads forecast based on the lower year peak loads from 2014 and with a 0.5% 
growth rate. The upper limit peak load forecast is also shown (“Peak Forecast”) from 2016 based on 
2011 to 2013 historic peak loads for the feeders. By 2036, this upper limit forecast is 14 MW above 
the conservative peak load forecasts shown in the figure. Actual peak loads will likely fall between 
the conservative forecast demand and the historic peak levels.  Average load growth for the time 
period is calculated by comparing total non-coincident feeder circuit loads from the beginning to the 
end of the comparison period.  
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Figure 5.4: Historical and Forecasted Load Growth on Eleven 13.8 kV and Two 34.5 kV 
Feeder Circuits in Focused Study Area 

 
Over time, demand on the distribution system generally trends upward, with some dips due to 
weather or economic downturns. The historic downturns have been followed by increases in 
demand that reach levels equal to or greater than the prior peak. For example, from the year 2002 to 
the year 2004, demand declined. Then, from the year 2004 to the year 2006, demand increased again 
reaching a new peak. From year 2006 to 2009, there was a similar decline in demand from the 2006 
peak.   Again, from the year 2010 to the year 2012, demand increased, reaching a new peak.  For the 
years 2014 a small dip was again seen.  It can be reasonably expected that higher summer peak load 
levels will recur within the next several years once temperatures approach the same levels that 
occurred in the 2012 summer season. 

5.1.3: Feeder Circuit Overloads and Utilization Percentages 

As discussed in Section 4.1, Distribution Planning aims to maintain utilization rates at or below 75% 
on distribution feeder circuits to help ensure a robust distribution system capable of providing 
electrical service under first contingency N-1 conditions. This desired loading level of 75% only 
applies to the 13.8 kV feeder circuits, the 34.5 kV feeder circuits have a unique configuration and 
therefore have a different desired loading level. There are only two 34.5 kV feeder circuits in this 
geographical area and therefore the feeder circuits only have one tie for backup during a contingency 
situation, while the 13.8 kV feeders generally have 3 ties, as described in Section 4.1.  Since the 34.5 
kV feeder circuits only have one tie as opposed to three, their desired loading level is 50%.  At 50% 
utilization, each feeder circuit can fully back the other one up during N-1 conditions.  
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To assess the robustness of the system in the Focused Study Area over time, Planning Engineers 
analyzed the historical utilization rates and projected utilization rates of the 13.8 kV and 34.5 kV 
feeder circuits based on forecast demand. Planning Engineers examined the historical loading and 
utilization of the eleven 13.8 kV feeder circuits and two 34.5 kV feeder circuits that serve Focused 
Study Area load. Figure 5.5 and Figure 5.6 show the conservative forecast linear growth 
(“Conservative Forecast”) of feeder circuit utilization for the eleven 13.8 kV and two 34.5 kV feeder 
circuits between 2001 and 2036 as well as the upper-limit peak load forecast (“Peak Forecast”) based 
on historic peak load levels forecasted to 2016. 

The feeder circuit load history shown is actual average non-coincident peak loading of the eleven 
13.8 kV feeder circuits and the two 34.5 kV feeder circuits measured at the beginning of the feeder 
circuit in the substation. The sum of the individual feeder circuit peak loads is compared to the sum 
of the individual feeder circuit capacities to calculate feeder circuit utilization each year. 

Figure 5.5: Focused Study Area – Eleven 13.8 kV Feeder Circuits, Utilization Percentage 

 

The above analysis demonstrates a capacity need on the 13.8 kV distribution system within the 
Focused Study Area. Utilization rates of the 13.8 kV feeder circuits have exceeded the desired 75% 
utilization level most years since 2001. Even using the more conservative forecast based on the 
lower summer peaks of 2014, average utilization rates on the 13.8 kV feeder circuits will exceed 80% 
by approximately 2036 unless system improvements are made. A peak load forecast starting from 
2016 based on the recent 2011-2013 peak levels provides an upper forecast limit well above the 
conservative forecast utilization levels in Figure 5.5. 
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Figure 5.6: Focused Study Area – Two 34.5 kV Feeder Circuits, Utilization Percentage 

 

Figure 5.6 shows the same analysis of the 34.5 kV feeder circuits as depicted in Figure 5.5 for the 
13.8 kV feeder circuits.  This analysis also demonstrates a capacity need on the 34.5 kV distribution 
system within the Focused Study Area. The change in utilization from 2003 to 2004, is due to the 
addition of the second 34.5 kV feeder circuit in the Focused Study Area. Even with this capacity 
addition, peak load levels still continued to exceed the desired 50% loading level. Just as on the 13.8 
kV distribution system within the Focused Study Area, these utilization levels are only projected to 
increase unless system improvements are made. 

More than the 13.8 kV feeders in Figure 5.5, Figure 5.6 shows that demand on the 34.5 kV system 
generally trends upward. Unlike the 13.8 kV feeders, there are no significant dips due to weather or 
economic downturns, indicating that the 34.5 kV system has experienced significant growth over the 
last decade.  It can be expected that steady growth on the existing load should be expected to occur 
especially since the 34.5 kV system serves several new load growth areas. 
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Figure 5.7: Focused Study Area – Two 34.5 kV Feeder Circuits without Hollydale 13.8 kV 
load 

 

Figure 5.7 shows an analysis of the 34.5 kV feeder circuits as depicted in Figure 5.6 but without the 
two 13.8 kV feeder circuits, HOL061 and HOL062, sourced from a 34.5 kV feeder at Hollydale 
substation.  This analysis also demonstrates a capacity need on the 34.5 kV distribution system 
within the Focused Study Area even without the Hollydale load.  If there was another source to 
serve Hollydale substation, the peak load levels are still forecasted to exceed the desired 50% loading 
level. 

Table 5.1 and Table 5.2 provide additional detail on the historical and anticipated utilization 
percentages and overloads for the eleven 13.8 kV feeder circuits and two 34.5 kV feeder circuits in 
the Focused Study Area for various years between 2001 and 2036. 
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Feeder Circuits in the Focused Study Area 
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 MW Capacity 124 124 124 124 124 124 124 124 124 

Feeder Actual 2001-2014 Average  

% Growth -0.4% 

% Utilization 81% 87% 80% 81% 

Forecast  2016-2036 Average 

% Growth 1.0% 1.0% 

% Utilization 81% 84% 88% 93% 98% 

N-0 
Overloads 

 

# Severe 
>115% 

0 2 0 1 0 1 1 2 4 

# of Circuits 
> 100% 

2 4 4 3 2 
 

4 
 

5 5 5 

 MW > 100% 1.4 5.3 2.1 2.3 1.6 3.1 5.3 8.3 12.1 

N-1 
Conditions 

  

# of Circuits 
> 75% 

7 7 5 5 6 6 6 7 8 

 MW > 75% 15.0 19.1 13.5 14.0 13.6 16.1 19.4 23.2 28.5 

 

Table 5.2: Summary of Feeder Circuit Utilization and Overloads for the Two 34.5 kV 
Feeder Circuits in the Focused Study Area 

Historical and Peak Forecast Feeder Circuit 

Utilization and Overloads 

 2001 2006 2012 2014 2016 2020 2025 2030 2036 

# of Circuits 1 2 2 2 2 2 2 2 2 
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 MW Capacity 34 68 68 68 68 68 68 68 68 

Feeder Actual 2001-2014 Average  

% Growth 7.7% 

% Utilization 69% 58% 67% 69% 

Forecast  2016-2036 Average 

% Growth 1.0% 1.0% 

% Utilization 74% 77% 81% 85% 90% 

N-0 
Overloads 

 

# Severe 
>115% 

0 0 0 0 0 0 0 0 0 

# of Circuits 
>100% 

0 0 0 0 0 0 1 1 1 

 MW > 100% 0 0 0 0 0 0 1.3 3.1 5.4 

N-1 
Conditions 

  

# of Circuits 
> 50% 

1 1 1 2 2 2 2 2 2 

 MW > 50% 6.5 5.7 11.4 13.0 16.4 18.4 21.1 23.9 27.5 

 

The information in Table 5.1 and Table 5.2, which was extracted from the detailed feeder circuit 
forecast data in Appendix B, shows that the Focused Study Area distribution system experienced 
stable or steady peak growth in the decade leading up to 2014 loads that increasingly exceeded 
circuit capacities with increasing numbers of circuits overloaded in both system intact N-0 and first 
contingency N-1 conditions for the 34.5 kV feeders since they serve more of the new load areas and 
were used to relieve the 13.8 kV feeders. Table 5.3 summarizes the additional feeder circuit capacity 
(in MW) needed to mitigate the overloads detailed in Table 5.1 and Table 5.2. The assumption was 
made for purposes of analysis new feeders would be 13.8 kV and if 34.5 kV distribution system was 
expanded a comparable amount would be added. A single new 13.8 kV feeder circuit will have 13.6 
MW of capacity and will serve 10 MW of load at 75% utilization. A single new 34.5 kV feeder circuit 
will have 34 MW of capacity and will serve 17 MW of load at 50% utilization. 
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Table 5.3: Summary of Feeder Circuit Capacity Required to Mitigate the Feeder Circuit 
Overloads 

Minimum Number of Feeders

Required to Correct N-0 and N-1 Overloads 

 2001 2006 2012 2014 2016 2020 2025 2030 2036 

N-0 
Deficiency 
(MW) 

1.4 5.3 2.1 2.3 1.6 3.1 6.6 11.4 17.5 

Minimum # of 
New Feeders 
Needed 

1 1 1 1 1 1 1 1 2 

N-1 
Deficiency 

(MW)  

21.5 24.8 

 

24.9 27.0 30.0 34.5 40.5 47.1 56.0 

Minimum # of 
New Feeders 
Needed 

3 3 3 3 3 4 4 5 6 

Note: Minimum number of feeders assumes 13.6 MW feeder circuits loaded to 75% or less. 

This analysis shows that there is currently a total deficit of approximately 30 MW in the Focused 
Study Area based on the individual feeder 2016 peak load forecast and the feeder capacities under 
N-1 conditions. 2016 loading levels represent established overloads for connected load that exists on 
the electrical system, forecasted growth and peak loading that has been previously reached under the 
most recent hottest weather conditions. Using conservative forecasting methods, which use the 
cooler summer peaks of 2014 as a starting point; by 2036, the area deficit based on evenly loaded 
feeders will be 29 MW, essentially returning to the 2016 total deficit level. 

Areas like Plymouth that experience strong and steady growth and redevelopment go through 
several stages of overload operating conditions, starting with isolated feeder circuit overloads and 
progressing to widespread overloads that exceed substation transformer capacity limits. 

Isolated feeder overloads, which can be characterized by average feeder utilization percentage less 
than 75% (50% on the 34.5 kV distribution system), typically occur when there is redevelopment 
that increases load demand within a small part of the distribution system. While the average 
utilization percentage generally indicates the loading level of the entire Focused Study Area, feeders 
that are located geographically distant from each other can have either satisfactory capacity to serve 
customer load or alternately measure severe overloads. This variant is often caused by customer load 
mobility that can be characterized by new load or area redevelopment and revitalization. 
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Widespread feeder overloads, which can be characterized by average feeder utilization percentage of 
more than 75% (50% on the 34.5 kV distribution system), typically occur in distribution areas due to 
a combination of customer addition of spot loads and focused redevelopment by existing customers, 
developers or City initiatives. Distribution systems that start out with adequate N-1 and N-0 
capacity, can quickly progress beyond isolated overloads when a large part of the distribution system 
is redeveloped or focused redevelopment is targeted in an area or along a corridor. 

To better illustrate the number, concentration and location of the historical and forecasted 
overloads, Planning Engineers developed distribution system maps depicting the overloaded feeder 
circuits in N-0 system intact and N-1 first contingency operating conditions for 2016 and future 
forecast year 2036 based on the peak forecast. These distribution system maps are depicted in Figure 
5.8 and Figure 5.9 for N-0 and Figure 5.10 and Figure 5.11 for N-1.  The color codes in the 
distribution system maps represent rows in Table 5.1 and Table 5.2 for the labeled years as follows: 

 # Severe > 115%, N-0 Overloads: The quantity of feeder circuits that are severely 
overloaded under system intact conditions are identified as shown in red. 

 # of Circuits >100%, N-0 Overloads: The quantity of feeder circuits that are overloaded 
under system intact conditions are identified as shown in orange and red depending on the 
severity of the overload with red feeder circuits having the most severe overloads. 

 # Circuits > 75%, N-0 Conditions: The quantity of feeder circuits that are loaded above 
75% capacity indicating first contingency overload conditions are identified as shown in 
yellow, orange, and red. Yellow circuits are feeder circuits with the lowest first contingency 
overloads. 

 # Circuits < 75%, N-0 Conditions: The quantity of feeder circuits that are loaded below 
75% capacity indicating no first contingency overload conditions are identified as shown in 
green. 

 # Circuits > 75%, N-1 Conditions: The quantity of feeder circuits that are loaded above 
75% capacity indicating first contingency overload conditions are identified as shown in red. 

 # Circuits < 75%, N-1 Conditions: The quantity of feeder circuits that are loaded below 
75% capacity indicating no first contingency overload conditions are identified as shown in 
green. 
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Figure 5.8: Focused Study Area 2016 N-0 Feeder Circuit Loading – System Intact 

 

Figure 5.8 shows that of the thirteen feeder circuits in the Focused Study Area, in the forecasted 
feeder peak year of 2016, under system intact N-0 conditions, 5 feeders were utilized at less than 
50% or 75%, 6 feeders were utilized between 50% or 75%-100%, 2 feeders were utilized between 
100%-115%, and 0 circuits were utilized at greater than 115%. Note that many of the most severe 
overloads occur along previously identified areas of more concentrated load and faster load growth. 
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Figure 5.9: Focused Study Area 2036 N-0 Feeder Circuit Loading – System Intact 

 
Figure 5.9 shows that of the thirteen feeder circuits in the Focused Study Area, based on 2036 
forecasted load under system intact N-0 conditions, 6 feeders will be overloaded. The 6 overloaded 
feeders consist of 2 feeders utilized between 100%-115%, and 4 circuits utilized at greater than 
115%.  

Overloads are even more widespread across the feeder circuits in the Focused Study Area under N-1 
loading conditions. Figure 5.10 and Figure 5.11 color codes represent first contingency overloads 
existing for 2016 and forecasted for 2036. A comparison of Figure 5.10 and Figure 5.11 shows that 
forecasted load levels result in increasing N-1 overload conditions. When a typical single feeder 
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circuit fails during peak loading conditions, the main-line of the failed circuit is switched into three 
sections (the whole feeder is switched on a 34.5 kV feeder) and each one of the three sections is 
transferred to a separate adjacent feeder circuit. Adjacent feeders must not be already encumbered 
by the load of a prior feeder circuit failure or scheduled switching event. The N-1 data provided in 
this section of the Study for the feeder circuits serving the Focused Study Area are based on the loss 
of a single mainline feeder circuit. The circuits that will experience an overload under first 
contingency conditions are shown in red. Feeder circuits shown in red demonstrate the cumulative 
effect on the feeder circuits of switching the load from any single feeder circuit failure during peak 
loading conditions.  

Figure 5.10: Focused Study Area 2016 N-1 Feeder Circuit Loading – Single Contingency 
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Above Figure 5.10 shows that of the 13 feeder circuits in the Focused Study Area, in 2016 under 
single contingency N-1 conditions, 8 feeders would be at risk for experiencing overload conditions. 

Figure 5.11: Focused Study Area 2036 N-1 Feeder Circuit Loading – Single Contingency 

 
Above Figure 5.11 shows that of the thirteen feeder circuits in the Focused Study Area, under 2036 
forecasted load under single contingency N-1 conditions, 10 feeders would be at risk for 
experiencing overload conditions. 

The data demonstrates that the Focused Study Area has been experiencing higher than optimal 
utilization rates on its feeders for over a decade. Without additional capacity additions in the area, 
these high utilization rates will increase the number and duration of overloads on feeders. Based on 
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this analysis, Distribution Planning concluded that to ensure continued reliable service in the area, 
additional improvements are required. 

5.2: Gleason Lake Substation Transformers 

After examining feeder circuit peak demands, Distribution Planning Engineers looked at the loading 
levels for the two 13.8 kV transformers and the one 34.5 kV transformer housed at the Gleason 
Lake Substation. Gleason Lake Substation is the only substation served by transmission that is in the 
Focused Study Area. Hollydale substation also lies within the Focused Study Area however, as 
discussed earlier, its ability to provide additional capacity is dependent on the available 34.5 kV 
capacity at Gleason Lake substation 

5.2.1: Gleason Lake Substation Transformer Historical Load and Load Forecasts 

The historical and forecasted loads for the two 13.8 kV and one 34.5 kV Gleason Lake Substation 
transformers serving the Focused Study Area from 2001 through 2036 are included in Appendix A 
and B.  Figure 5.12 shows the conservative load growth (“Conservative Forecast”) on the two 13.8 
kV substation transformers at the Gleason Lake Substation from 2001 through 2036 as well as the 
upper limit forecast load based on 2016 forecast peak load levels (“Peak Forecast”).  

Figure 5.12: Historical and Forecasted Load Growth on Two 13.8 kV Substation 
Transformers at Gleason Lake Substation in the Focused Study Area 

 
Gleason Lake Substation transformer loads fluctuate in a narrow bandwidth between historic peak 
load years in 2002, 2006 and 2011 and lower peak load levels during other years. The significant load 
increase in 2015 and 2016 is from a known large development in Wayzata.  Actual peak load levels 
will likely fall between the conservative forecast demand and the historic peak forecast load levels 
illustrated in the above figure. 
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Above Figure 5.12 indicates that historically the 13.8 kV load levels at Gleason Lake substation have 
approached the N-1 substation limit, but have not exceeded the limit. Using the peak forecast 
demand load projections, there is roughly only 1 MW of additional load serving capacity on the 13.8 
kV Gleason Lake distribution system in 2016.   Using the conservative forecast demand load 
projections, there is roughly 5 MW of additional load serving capacity on the 13.8 kV Gleason Lake 
distribution system in 2016.  Earlier analysis in Table 5.1 demonstrates that even with this 5 MW of 
additional load serving capacity, the capacity deficiencies on the 13.8 kV distribution system within 
the Focused Study Area cannot be fully solved. 

Figure 5.13 shows the same analysis done on the 34.5 kV substation transformer at Gleason Lake 
substation.  

Figure 5.13: Historical and Forecasted Load Growth on One 34.5 kV Substation 
Transformers at Gleason Lake Substation in the Focused Study Area 

 
Figure 5.13 shows that the 34.5 kV substation transformer at Gleason Lake substation has 
experienced loading a larger load growth compared to the 13.8 kV substation transformers. The load 
on the 34.5 kV substation transformer has exceeded the N-1 limit. Using the peak forecast demand 
load projections, the load serving capacity is exceeded by roughly 14 MW on the 34.5 kV Gleason 
Lake transformer in 2016.   Using the conservative forecast demand load projections the load 
serving capacity is exceeded by roughly 11 MW on the 34.5 kV Gleason Lake transformer in 2016.   
Using the peak or conservative forecast demand projections, there is no additional load serving 
capacity on the 34.5 kV Gleason Lake distribution system.   As previously stated, there is not 
enough capacity to solve the deficiencies on the distribution system in the Focused Study Area. 
Combining the shortage of load serving capacity on the 34.5 kV substation transformer with the 
available capacity on the 13.8 kV substation transformers, the deficiencies cannot be fully solved. 
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With Gleason Lake substation presently at its maximum design capacity, coupled with the analysis 
above, Distribution Planning concluded that Gleason Lake substation transformers do not have the 
required capacity to solve the capacity issues within the Focused Study Area. 

6.0: Transmission Reliabity Analysis 

6.1: NERC Criteria 

For this study, North American Electric Reliability Corporation (NERC) TPL-001-4 Standard 
Category P0-P7 contingencies were analyzed. Table 6.1 below shows the table of NERC Definitions 
for TPL-001-4 Standard Category P0-P7 contingencies, which is available at www.nerc.com.  

Table 6.1: NERC TPL-001-4 Category P0-P7 Definitions 
Table 1 – Steady State & Stability Performance Planning Events

Category Initial Condition   Event 1 Fault 
Type 2 

BES 
Level 3 

Interruption 
of Firm 

Transmission 
Service 

Allowed 4 

Non-
Consequential 

Load Loss 
Allowed 

P0 
No 
Contingency 

Normal System None N/A EHV, 
HV 

No No 

P1 
Single 
Contingency 

Normal System 

Loss of one of the following:
1.  Generator 
2.  Transmission Circuit 
3.  Transformer 5 
4.  Shunt Device 6 

3Ø EHV, 
HV No9 No12 

    5. Single Pole of a DC line SLG       

P2 
Single 
Contingency 

Normal System 

1.   Opening of  a line section 
w/o a fault 7 

N/A EHV, 
HV  

No9 No12 

2.   Bus Section Fault SLG 
EHV No9 No 

HV Yes Yes 

3.   Internal Breaker Fault 8 
      (non-Bus-tie Breaker) 

SLG 
EHV No9 No 

HV Yes Yes 

4.   Internal Breaker Fault 
(Bus-tie Breaker) 8 SLG 

EHV, 
HV Yes Yes 

P3 
Multiple 
Contingency 

Loss of 
generator unit 
followed by 
System 
adjustments9 

Loss of one of the following:
1.   Generator 
2.   Transmission Circuit 
3.   Transformer 5 
4.   Shunt Device 6 

3Ø EHV, 
HV No9 No12 

5. Single pole of a DC line SLG 

P4 
Multiple 
Contingency 
(Fault plus 

Normal System 

Loss of multiple elements 
caused by a stuck breaker 
10(non-Bus-tie Breaker) 
attempting to clear a Fault on 

SLG EHV No9 No 
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stuck 
breaker10) 

one of the following: 
1.   Generator 
2.   Transmission Circuit 
3.   Transformer 5 

4.   Shunt Device 6 

5.   Bus Section 

HV Yes Yes 

6.   Loss of multiple elements 
caused by a stuck breaker10 
(Bus-tie Breaker) attempting to 
clear a Fault on the associated 
bus 

SLG 
EHV, 
HV Yes Yes 

P5 
Multiple 
Contingency 
(Fault plus 
relay failure to 
operate) 

Normal System 

Delayed Fault Clearing due 
to the failure of a non-
redundant relay13 protecting the 
Faulted element to operate as 
designed, for one of the 
following: 
1.   Generator 
2.   Transmission Circuit 
3.   Transformer 5 
4.   Shunt Device 6 
5.   Bus Section 

SLG 

EHV No9 No 

HV Yes Yes 

P6 
Multiple 
Contingency 
(Two 
overlapping 
singles) 

Loss of one of 
the following 
followed by 
System 
adjustments.9 
1. Transmission 
Circuit 
2. Transformer 5 
3. Shunt Device6 
4. Single pole of a 
DC line 

Loss of one of the following:
1. Transmission Circuit 
2. Transformer 5 
3. Shunt Device 6 

3Ø EHV, 
HV Yes Yes 

4. Single pole of a DC line SLG EHV, 
HV 

Yes Yes 

P7 
Multiple 
Contingency 
(Common 
Structure) 

Normal System 

The loss of: 
1. Any two adjacent (vertically 
or horizontally) circuits on 
common structure 11 
2. Loss of a bipolar DC line 

SLG 
EHV, 
HV Yes Yes 

 

6.2: Models 

The base steady state model used in this study was a MRO 2014 series 2015 Summer Peak model. 
The only topology changes made were to correct the transformer tap ratio at Gleason Lake and lock 
the Dickinson cap. The Dickinson capacitor was locked off due to the recommendation of Great 
River Energy, the company who owns and operates Dickinson substation. To create the primary 
case used in this study, the loads in the base model were changed to mimic the 2013 peak loads for 
the Transmission Area of Concern and then scaled to meet the latest forecast for a 2016 case. All 
future cases were scaled based on this 2016 case. 

No dynamic models were used and no dynamic analysis was completed as part of this study because 
engineering judgment determined dynamic simulations were not required.  
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No short circuit models were used and no short circuit analysis was completed as part of this study 
because engineering judgment determined a short circuit study was not required at this time. 

6.3: Load Forecast for Transmission Area of Concern 

Table 6.2 includes the forecasted loads in MW from the 2015 Distribution Forecast. These 
forecasted values were used in the transmission planning study. Note that Table 6.2 has a 1% load 
growth rate. Table 6.3 has a 2% growth rate and was used as a sensitivity in the transmission 
planning analysis. 

Table 6.2: Forecasted loads in MW in the Transmission Area of Concern using a 1% 
growth rate 

1% 
Growth 

Gleason 
Lake 

Medina Mound Orono Greenfield Total 

2016 97.8 6.3 38.8 17.8 4.6 165.3 
2017 98.8 6.4 39.2 18.0 4.6 166.9 
2020 101.8 6.6 40.3 18.5 4.8 172.0 
2025 107.0 6.9 42.4 19.5 5.0 180.8 
2030 112.5 7.2 44.6 20.4 5.3 190.0 
2035 118.2 7.6 46.8 21.5 5.6 199.7 
2040 124.2 8.0 49.2 22.6 5.8 209.9 

 

Table 6.3: Forecasted loads in MW in the Transmission Area of Concern using a 2% 
growth rate 

2% 
Growth 

Gleason 
Lake 

Medina Mound Orono Greenfield Total 

2016 97.8 6.3 38.8 17.8 4.6 165.3 
2017 98.8 6.4 39.2 18.0 4.6 166.9 
2020 104.9 6.8 41.5 19.1 4.9 177.2 
2025 115.8 7.5 45.9 21.1 5.4 195.6 
2030 127.8 8.2 50.6 23.2 6.0 216.0 
2035 141.1 9.1 55.9 25.7 6.6 238.4 
2040 155.8 10.0 61.7 28.3 7.3 263.3 

 

6.4: Powerflow Analysis 

6.4.1: Worst Contingencies 

Three contingencies were identified during the ACCC analysis as causing thermal or voltage 
violations. The first contingency, showing violations at 153 MW, is a Category P7 which results in 
the loss of the Gleason Lake – Parkers Lake 115 kV double circuit line causing low voltage at 
Gleason Lake substation (Contingency #1). The second, showing violations at 153 MW, is a 
Category P6 which results in the loss of both Gleason Lake – Parkers Lake 115 kV lines causing low 
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voltage at Gleason Lake substation (Contingency #2). The third, showing violations around 195 
MW, is a Category P6 which includes the loss of the Dickinson 345/115 kV transformer coupled 
with the loss of one Gleason Lake – Parkers Lake 115 kV, which causes the other Gleason Lake – 
Parkers Lake 115 kV line to overload (Contingency #3). The difference between Contingency #1, 
Contingency #2, and Contingency #3 is that Contingency #1 is a single initiating event and no 
system adjustments are allowed. Contingency #2 and Contingency #3 include the loss of two system 
elements, with system adjustment in between each event.  

Figure 6.1 shows the Transmission Area of Concern in a power flow simulation tool under the 
critical condition of Contingency #1 during a simulated 2013 peak (156 MW). Under this critical 
condition, the load at Gleason Lake is below acceptable voltage levels. Note that blue means low 
voltage and red means high voltage, the color gets darker as the voltage gets more severe.  

Figure 6.1: Power flow results for the Transmission Area of Concern under the critical 
condition during 2013 peak. 

 

Due to the low voltage at Gleason Lake under the critical condition, Under Voltage Load Shedding 
(UVLS) has been installed at Gleason Lake until a permanent project is constructed. The UVLS will 
automatically shed customer load if triggered. Currently there are two feeders on the first step of this 
UVLS, which totals as much as 41 MW on peak. As load grows in the Gleason Lake area, the 
amount of load on UVLS would likely increase.  

Since Contingency #1 and Contingency #2 are very similar conditions, but Contingency #1 is more 
limiting, the initial analysis focused on Contingency #1 as the critical condition. Contingency #2 
becomes the critical condition if Contingency #1 is eliminated.  

Contingency #3 is a P6 contingency resulting in loss of Dickinson 345/115 kV transformer along 
with one Gleason Lake – Parkers Lake 115 kV line. Under this P6 condition, the loading on the 
remaining Gleason Lake – Parkers Lake 115 kV line is above its thermal loading emergency rating. 
Figure 6.2 shows the Transmission Area of Concern in a power flow simulation for  Contingency 
#3. This overload occurs at approximately 195 MW, which equates to 2025 if 2% load growth is 
assumed and 2032 if 1% load growth is assumed. Note that the Dickinson capacitor bank is 
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operated on because the contingency includes the loss of the 345 kV transformer, which is the 
reason why the capacitor bank was installed.  

Figure 6.2: Power flow results for the Transmission Area of Concern under the P6 
condition 

 

6.4.2: Possible Solution Components 

As part of this study, two high level ways to solve the identified distribution and transmission 
deficiencies were identified; move load away from the existing transmission line onto a different 
transmission line or re-energize an existing transmission line and provide distribution with a new 
source into the area. Additionally, the age and condition of existing transmission lines in the area 
were analyzed for potential advancements. Listed below are the components that were used to form 
the final alternatives listed in Chapter 7.    

(a) Separate Gleason Lake – Parkers Lake 115 kV Double Circuit Line 

During the analysis into the condition of the existing transmission lines, the Gleason Lake – Parkers 
Lake double circuit 115 kV line was identified as a line in need of replacement. Advancing the 
rebuild of this line to two single, paralleled circuit lines will eliminate Contingency #1 as the lines 
would no longer be on the same structure. Additionally, rebuilding the Gleason Lake – Parkers Lake 
115 kV lines to single circuits will alleviate the thermal violations in Contingency #3, as the lines 
would be rebuilt using larger conductor. 

(b) Gleason Lake Capacitor Bank 

In general, adding a capacitor bank on the system is the easiest way to alleviate low voltage 
problems, assuming there are not too many capacitor banks already installed. For the Transmission 
Area of Concern, the ideal location for a capacitor bank is at Gleason Lake. Gleason Lake is the 
most effective location on the system to boost the voltage due to the large load located there and the 
fact that it is at the end of a long radial under the critical contingency. The issue with locating a 
capacitor bank at Gleason Lake is that under the critical contingency, the voltage rise would likely 
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exceed our requirements. In order to mitigate this voltage rise concern, the installation of a capacitor 
bank at Gleason Lake would need to be combined with the Gleason Lake – Parkers Lake line 
rebuild component. Combining these two components allows for the capacitor bank to be switched 
without any voltage concerns, since the capacitor bank would be switched into service during the 
system adjustment period allowed between P6 contingencies. The Gleason Lake capacitor bank was 
sized as an ultimate of 60 MVAR, but the installation of only 40 MVAR. Installing 40 MVAR gives 
the system operators the appropriate capacitor bank size for now and the flexibility to add more in 
the future if necessary. 

(c) Distribution Load Transfers 

To make all alternatives last for the long-term, additional load must be transferred away from the 
Transmission Area of Concern to a nearby transmission line. Table 6.4 shows approximately when 
load would need to be transferred by distribution, based on the most logically transfers available. 
These load transfers assume that the Gleason Lake – Parkers Lake line rebuild and Gleason Lake 40 
MVAR capacitor bank are completed. After these two are completed, the Transmission Area of 
Concern would be able to serve approximately 210 MW.  The load transfers would occur in blocks 
and the target years are based on when the area would exceed the load serving threshold and 
therefore need a block of load transferred. Note that all transfers are moving load away from 
Gleason Lake since there is no other substation in the Transmission Area of Concern where 
transferring load is feasible. The two possible locations for the load transfers are Parkers Lake and a 
new substation called Pomerleau Lake on the Plymouth to Parkers Lake 115 kV line. 

Table 6.4: Approximate timing for load transfers away from Gleason Lake under various 
load growth scenarios 

Distribution Load 
Transfers 

Load Growth 

1% 1.5% 2% 

18 MW 2040 2032 2028 

10 MW 2048 2037 2032 

19 MW 2052 2040 2034 

30 MW --- 2045 2038 

Figure 6.3 and Figure 6.4 provide an example of how the distribution transfers could work together 
with the 40 MVAR Gleason Lake capacitor bank and rebuilding the Gleason Lake – Parkers Lake 
115 kV double circuit to two separate circuits. Figure 6.3 shows the Transmission Area of Concern 
at 210 MW with a low voltage problem. Figure 6.3 assumes the installation of the capacitor bank at 
Gleason Lake and the rebuild of the Gleason Lake to Parkers Lake 115 kV lines to separate circuits.  
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Figure 6.3: Contingency #2: Transmission Area of Concern at 210 MW 

 

Figure 6.4 shows the same situation after the first phase of distribution transfers (totaling 18 MW) 
has occurred.  

Figure 6.4: Contingency #2: Transmission Area of Concern at 210 MW – 18 MW Transfer 

 

After the load transfer, the system does not have any voltage concerns. However, transferring load 
for transmission issues is unusual and requires new infrastructure to be built somewhere else to 
handle the transferred load. 

(d) Re-energization of the 69 kV Line East of Hollydale 

Similar to the distribution load transfers, this component would be used to move load off of the 
Transmission Area of Concern transmission lines. However, re-energizing the existing 69 kV line 
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east of Hollydale would achieve this by adding a new source into the area and energizing the 
Hollydale substation from 69 kV instead of the current 34.5 kV. This component would also work 
in conjunction with the installation of a Gleason Lake 40 MVAR capacitor bank and rebuilding the 
Gleason Lake – Parkers Lake 115 kV double circuit line to two separate circuits. In order for the 
existing Hollydale 69 kV line to be re-energized, a small portion of new 69 kV line and a new 
substation called Pomerleau Lake would need to be constructed. The new Pomerleau Lake 
substation would intersect the existing Plymouth – Parkers Lake 115 kV line and bring it in and out 
of the substation. The re-energized 69 kV line would run from Medina to Hollydale and then 
Hollydale to Pomerleau Lake. The Hollydale substation would become primarily served from the 69 
kV line and effectively transfer the existing Hollydale load from Gleason Lake. This configuration 
provides flexibility for load serving in the Transmission Area of Concern by using the transmission 
system to serve the distribution system.  

Additionally, if this configuration were to run out of load serving capabilities, the distribution load 
transfers would still be available to accommodate additional load growth. The 69 kV line was 
assumed to be operated normally closed, however a reverse power relay would be installed at 
Pomerleau Lake to disconnect the transformer if two sections of the Elm Creek to Parkers Lake 115 
kV line were out of service and the Hollydale 69 kV line was the only source to the remaining 115 
kV loads. Without the reverse power relay, the 69 kV lines serving Hollydale would need to be 
operated normally open or would overload under this condition. Figure 6.5 shows the Transmission 
Area of Concern at 230 MW, beyond the normal 210 MW threshold, with a no low voltage issues.   

Figure 6.5: Contingency #2: Transmission Area of Concern at 230 MW 

 

Note that the load that used to be only at Gleason Lake is now split between Hollydale and Gleason 
Lake. The biggest difference between this configuration and one with load transfers is that without 
any transfers, the system can easily handle load growth up to the normal 210 MW threshold. 

Another potential way to operate this system is to open the 69 kV line at Hollydale looking towards 
Medina as a system adjustment once either Gleason Lake – Parkers Lake 115 kV line is out of 
service. This puts the Hollydale load on the Elm Creek – Parkers Lake 115 kV line and allows the 
Transmission Area of Concern to handle even more load under the critical contingency. Figure 6.6 
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shows the Transmission Area of Concern at 230 MW, with an open between Medina and Hollydale. 
The resulting configuration proves even more capable then having the 69 kV line closed through. 

Figure 6.6: Contingency #2: Transmission Area of Concern at 230 MW, open at Hollydale 

   

7.0: Overview of Alternatives Analyzed (timing and facilities).   

All alternatives in this report solve the transmission and distribution needs. The three alternatives 
below were created using the components in Chapter 5 and Chapter 6. The names of each 
alternative and the components of each alternative are shown in Table 7.1.  

Table 7.1: Overview of components of each alternative 

Project 
Distribution 

Voltage 

Gleason 
Lake 
Cap 

Gleason 
Lake - 

Parkers Lake 
Rebuild to 

Single 
Circuits 

New 
Pomerleau 
Substation

Hollydale 
Expansion and 

Re-Energization 
of Hollydale – 

Pomerleau 69 kV

Parkers Lake 
Expansion on 

existing 
property 

Parkers 
Lake 

Expansion 
on new 

property 

Alternative 
A 

34.5 kV X X X   X   

Alternative 
B 

34.5 kV X X     X X 

Alternative 
C 

13.8 kV X X X X     

 

Common to Alternatives A, B, and C are the separation of the Parkers Lake – Gleason Lake 115 kV 
double circuit line into two separate circuits and installation of a transmission capacitor bank at 
Gleason Lake.  Alternative C is the only alternative that re-energizes the existing Hollydale 69 kV 
line west of Hollydale and adds a small new extension of that line into a new Pomerleau Lake 
substation.  In all alternatives, there is an initial transfer of load at Hollydale away from Gleason 
Lake. However as load grows, all alternatives except Alternative C require future transfers of 
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distribution load away from the Gleason Lake substation to provide capacity for the transmission 
system. 

The distribution capacity additions and transfer of load required by transmission is accomplished in 
different ways in the various plans. Common to all projects is the reinforcement of 13.8 kV feeders 
from Parkers Lake substation.  In Alternative A, Pomerleau Lake is installed and 34.5 kV feeders are 
used to satisfy capacity needs and most load transfers.  In Alternative B, Parkers Lake is expanded 
and 34.5 kV feeders are used in a similar fashion as Alternative A.  Alternative C expands Hollydale 
substation and uses 13.8 kV feeders to satisfy capacity needs, with no load transfers required. 

7.1:   System Improvements to Address Distribution Needs.   

The proposed distribution system improvements include new substation transformers and feeders in 
the Focused Study Area. This can be accomplished by three main methods, a substation located 
within the area such as Alternative C, an existing substation on the perimeter of the area such as 
Alternative B, or a new substation on the perimeter of the area such as Alternative A.  To meet the 
existing system needs, either a voltage of 13.8 kV or 34. kV can be used to serve load. In each 
alternative, a combination of voltages were used to best utilize the existing system and proposed 
additions. 

All alternatives were designed to meet both the required transmission needs as well as the identified 
distribution needs.  In all alternatives, the transmission need is met by transferring load away from 
the Gleason Lake substation 34.5 kV transformer. However, in Alternatives A and B, the load is 
transferred to other distribution 34.5 kV facilities.  In Alternative C, the load is transferred directly 
to the 69 kV transmission source at the Hollydale substation.  Therefore, Alternatives A and B 
require additional capacity that is reserved for the Hollydale substation load and is not available to 
meet distribution system needs or supply load growth. 

The distribution components of each alternative include new feeders and substation transformers as 
detailed in Chapter 8.0: of this report.  These feeders will follow public right-of-way with standard 
construction of overhead lines unless required to be placed underground.  Cost assumptions for this 
report assumed underground feeder construction as that will be the most conservative method for 
comparison of costs.  The transformers installed are of standard capacity size and will be installed in 
either an expanded existing substation or a new substation. 

While Distribution long range plans typically study the load growth over a 20 year period, we 
evaluated a 40 year forecast.  Projecting the load out to 2056 on the eleven 13.8 kV feeders in the 
Focused Study Area, the load grows to 146 MW, the area contingency overload rises to 53 MW, and 
has a utilization of 118% on the existing system. If we install the proposed facilities in the plans we 
will have increased the area capacity so that in the year 2056 the utilization is reduced to 82% which 
equates to about a 12 MW area contingency overload.  This capacity need would be met by adding 
additional substation transformer capacity and new feeders into the area. While all plans would 
provide the ability to add capacity to meet this need, Alternative C would give the most flexibility by 
providing expansion capabilities at Hollydale, Pomerleau Lake, and Parkers Lake substations to 
address additional load growth. 

7.2:   System Improvements to Address Transmission.   
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To meet the combined transmission and distribution need in the Transmission Area of Concern, 
Transmission Planning and Distribution Capacity Planning came up with three alternatives. All 
alternatives meet the needs in the area for 40 years under 1% growth. All alternatives require the 
installation of a capacitor bank at Gleason Lake and the rebuild of the existing Gleason Lake – 
Parkers Lake 115 kV double circuit into two separate circuits. Alternative A and Alternative B will 
each be coupled with moving load away from Gleason Lake to provide long-term distribution and 
transmission load serving capabilities. Moving load from Gleason Lake is achieved using 34.5 kV 
lines. These alternatives provide adequate system flexibility but require additional large investments 
if the area grows at 2% or higher load growth. 

Alternative C is coupled with the creation of a new Pomerleau substation and re-energizing the 
existing Hollydale – Pomerleau 69 kV line, enabling the Hollydale substation to be served from this 
69 kV line. By serving Hollydale from the 69 kV line, the Hollydale load is removed from Gleason 
Lake. This alternative provides the most system flexibility, least investment, and longest load serving 
capabilities. 

Table 7.2 shows the total investment cost and project components of all three alternatives, assuming 
1% load growth.  

Table 7.2: Total investment cost and project components of the three alternatives under 
1% growth scenario 

1% Growth in Transmission Area of Concern   

  
Distribution 

Voltage 

Gleason 
Lake 
Cap 

Gleason 
Lake - 

Parkers Lake 
Rebuild to 

Single 
Circuits 

New 
Pomerleau 
Substation

Hollydale 
Expansion

Parkers 
Lake 

Expansion 
on 

existing 
property 

Parkers 
Lake 

Expansion 
on new 
property 

Gleason 
Lake 

Expansion 
on new 
property 

Total 

Alternative 
A 34.5 kV X X X   X     $65.8M

Alternative 
B 34.5 kV X X     X X   $68.8M

Alternative 
C 13.8 kV X X X X       $47.6M

 

This analysis also looked at the possibility of higher than expected load growth for the Transmission 
Area of Concern. Table 7.3 shows the total investment cost and project components of all three 
alternatives, assuming 2% load growth. 

Table 7.3: Total investment cost and project components of the three alternatives under 
2% growth scenario 

2% Growth in Transmission Area of Concern   

  
Distribution 

Voltage 

Gleason 
Lake 
Cap 

Gleason 
Lake - 
Parkers 

Lake 
Rebuild to 

Single 
Circuits 

New 
Pomerleau 
Substation

Hollydale 
Expansion

Parkers 
Lake 

Expansion 
on 

existing 
property 

Parkers 
Lake 

Expansion 
on new 
property 

Gleason 
Lake 

Expansion 
on new 
property 

Total 

Alternative 
A 

34.5 kV X X X   X   X 
 $103.6M 
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Alternative 
B 

34.5 kV X X     X X X 
 $106.6M

Alternative 
C 

13.8 kV X X X X X     
 $61.4M 

 

If 2% growth does occur over the next 40 years, the investment costs of all alternatives except 
Alternative C reach $100 million. This means that if 2% growth occurs, Alternative C will cost 
roughly half as much as the next closest alternative. 

Detailed maps of each alternative are located in Appendix A. 

 

8.0:   Comparison of Alternatives.   

Alternatives A, B, and C are all designed to meet the distribution and transmission system needs for 
the next 40 years assuming 1% load growth. Each alternative achieves the same objective in a 
different way and all alternatives have pros and cons. A comparison of the benefits and 
shortcomings of each alternative is shown below.  The plans for longer range (beyond 2038) 
facilities are conceptual at this time, and may change depending on how load in the area develops in 
the future. 

Evaluation of 
Alternatives 

Impacts Performance

P
ly

m
ou

th
 A

re
a 

A
lt

er
n

at
iv

es
 

Alternative A 
Construct 34.5 kV 
distribution lines 
from new  
Pomerleau Lake 
Substation to 
Hollydale Substation 

 8 miles near-term (9 miles long-term) of  new 
distribution line 

o 1 mile where no lines currently exist 
o 7 miles near-term (8 miles long-term) where 

there are already lines  

 145 homes along new distribution line routes 

 12 new pad-mounted transformers (approximately  
9x11x10 feet) & up to 12 switching cabinets (5x6x7 
feet) 

 New Pomerleau Lake substation site 

 Provides good solution for near-term 
(roughly 20 years). 

 
 Pomerleau Lake Substation makes future 

improvements to meet future needs east 
of I-494 less challenging and expensive. 

 
 Provides limited ability to efficiently 

increase load serving capacity  long-term 
to serve additional electrical demand 

 

Alternative B   
Construct 34.5 kV 
distribution lines 
from Parkers Lake 
Substation to 
Hollydale Substation 

 10 miles near-term (11 miles long-term) of  new 
distribution line 
o 0 miles where no lines currently exist 
o 10 miles near-term (11 miles long-term) 

where there are already lines 

 98 homes along new distribution line routes 

 12 new pad-mounted transformers (approximately 
9x11x10 feet) & up to 12 switching cabinets (5x6x7 
feet) 

 Expansion of Parkers Lake Substation site would 
occur on privately-owned land (parking lot, 
drainage easement) 

 No new substation site 

 Provides adequate solution for near-term 
(roughly 20 years)  
 

 Additional improvements will be needed 
east of I-494 and will be more challenging 
and expensive without a new Pomerleau 
Lake Substation.   
 

 Does not provide ability to efficiently 
increase capacity if needed in the long-
term to serve additional electrical demand. 
 

 A large amount of load would be served 
from Parkers Lake Substation which 
increases reliability risk. 
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Alternative C   
Re-energize existing 
69 kV line east of 
Hollydale Substation 
and construct 13.8 
kV distribution lines 
from Hollydale 
Substation & 0.7 
miles of 69 kV line 
to connect existing 
line to new 
Pomerleau Lake 
Substation. 

 4 miles of  new distribution line 
o 0 miles where no lines exist 
o 4 miles were there are already lines 

 26 homes along new distribution line routes 

 0.7 miles of new transmission line 

 No new pad-mounted transformers needed 

 Vegetation management required on unmaintained 
69 kV line right-of-way east of Hollydale 
Substation (4 miles / approximately 63 residential 
lots) 

 New Pomerleau Lake Substation site 

 Provides good solution for near-term 
(roughly 20 years). 

 
 Pomerleau Lake Substation makes 

additional improvement needs east of I-
494 less challenging and expensive. 

 
 Provides ability to efficiently increase 

capacity if needed in the long-term to 
serve additional electrical demand. 

 

8.1: Alternative A: Install new 34.5 kV source at Pomerleau Lake. 

8.1.1: Overview 

 Facilities and Timing:  

o 2018: Construct Pomerleau Lake substation; two 34.5 kV feeders at Pomerleau Lake; 
reinforce feeders at Parkers Lake; construct extension of one 13.8 kV feeder at 
Parkers Lake; install 40 MVAR capacitor at Gleason Lake; rebuild Gleason Lake – 
Parkers Lake 115/115 kV line as two separate lines;  

o 2040 and 2048: extend 34.5 kV feeders at Pomerleau Lake;  

o 2052: expand Parkers Lake substation; two 34.5 kV feeders at Parkers Lake. 

 Total Additional Feeder Length: 8.5 miles near-term, 9.1 miles long-term 

 Average Additional Feeder Length: 1.8 miles 

 Distribution System Capacity Added under N-1 conditions: 70 MW 

 Total Investment: $65.8 million (non-escalated) 

 Net Present Value for 2016: $45.1 million 

8.1.2: Distribution System Performance 

Alternative A has long feeder circuits totaling approximately 8.5 miles. Longer feeder circuits consist 
of more equipment, have more elements that can fail, and have more exposure to external factors 
that increase the chance of feeder outages.  Although the new feeders installed in Alternative A will 
have full life expectancy when they are installed, the longer feeder circuits will increase exposure to 
external elements, due to their length, that could ultimately negatively impact reliability.  
Additionally, no alternatives discussed in this study will impact reliability at the tap-level of the 
feeder circuit, as the feeder loads will be transferred to the new feeders at the mainline level.  
Continued work is expected to mitigate reliability concerns due to tap level failures.  Overall, despite 
the full life expectancy of a new feeder circuit, longer feeder circuits will increase exposure and could 
potentially negatively impact reliability. 
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Alternative A does not perform as well as Alternative C since it installs additional substation 
transformer capacity at a substation farther from the identified load center in the Focused Study 
Area.   

With respect to operability, Alternative A uses additional devices such as step-down transformers 
and switching cabinets, making Alternative A more vulnerable during overload and outage 
conditions. Alternative A also uses long express feeder circuits that require many more components 
to keep in running order and fully operational during all possible conditions. 

With respect to future growth, Alternative A provides for future capacity additions at Pomerleau 
Lake with a potential third transformer.  Alternative A also does not exhaust capacity at the Gleason 
Lake and Parkers Lake 13.8 kV substations.  As a result, the Gleason Lake and Parkers Lake 
transformers could be replaced with larger units to serve additional load in the future. 

8.1.3: Transmission System Performance 

Alternative A includes the separation of the existing Gleason Lake – Parkers Lake 115 kV double 
circuit into two 115 kV lines. The line separation is combined with a Gleason Lake 115 kV capacitor 
bank to eliminate all of the critical contingencies in the Transmission Area of Concern for the near-
term timeframe. These facilities are the first step in solving the transmission problem for the long-
term.  

Future load growth will exceed the transmission capabilities provided by these facilities and will then 
require load to be moved away from Gleason Lake. Requiring distribution to move load because of 
a transmission need is very unusual and is not sustainable for the long-term. Transferring load away 
from existing assets at Gleason Lake requires more assets to be installed to handle the transferred 
load. In an ideal situation, it is best to serve load in an area from multiple substations and spread out 
the load density to provide the most reliable service. Consolidating loads into fewer substations 
means that when a contingency occurs, there will be fewer ways to backup loads and bring 
customers’ power back. The resulting condition is more customers out of power for longer periods 
of time. 

Lastly, serving 2% load growth in Alternative A requires two direct 34.5 kV feeders from Parkers 
Lake to Gleason Lake and the expansion of Gleason Lake substation beyond land currently owned 
by Xcel Energy. This expansion and set of express 34.5 kV feeders is not a normal distribution 
planning solution, since these feeders would only be used to transfer load away from Gleason Lake 
substation for the benefit of the transmission system.  If the load does grow at a faster than 
expected rate, and before these last facilities would go in service, the system would need to be re-
evaluated to determine the best solution.  

8.2: Alternative B: Expand Parkers Lake substation with new 34.5 kV source. 

8.2.1: Overview 

 Facilities and Timing:  

o 2018: expand Parkers Lake substation; two 34.5 kV feeders at Parkers Lake; reinforce 
13.8 kV feeders at Parkers Lake; construct extension of one 13.8 kV feeder at 
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Parkers Lake; install 40 MVAR capacitor at Gleason Lake; rebuild Gleason Lake – 
Parkers Lake 115/115 kV line as two separate lines;  

o 2040 and 2048: extend 34.5 kV feeders at Parkers Lake;  

o 2052: expand Parkers Lake substation; two 34.5 kV feeders at Parkers Lake. 

 Total Additional Feeder Length: 10.5 miles near-term, 11.0 miles long-term 

 Average Additional Feeder Length: 2.2 miles 

 Distribution System Capacity Added under N-1: 70 MW 

 Total Investment: $68.8 million (non-escalated) 

 Net Present Value for 2016: $41.7 million 

8.2.2: Distribution System Performance 

Alternative B has long feeder circuits totaling approximately 11 miles. Longer feeder circuits consist 
of more equipment, have more elements that can fail, and have more exposure to external factors 
that increase the chance of feeder outages. Although the new feeders installed in Alternative B will 
have full life expectancy when they are installed, the longer feeder circuits will have increase 
exposure to external elements that could ultimately negatively impact reliability.  Additionally, no 
alternatives discussed in this study will impact reliability at the tap-level of the feeder circuit, as the 
feeder loads will be transferred to the new feeders at the mainline level.  Continued work is expected 
to mitigate reliability concerns due to tap level failures.  Overall, despite the full life expectancy of a 
new feeder circuit, longer feeder circuits will increase exposure and could potentially negatively 
impact reliability. 

Alternative B does not perform as well as Alternative C since it installs additional substation 
transformer capacity at a substation farther from the identified load center in the Focused Study 
Area.   

With respect to operability, Alternative B uses additional devices such as step-down transformers 
and switching cabinets, making Alternative B more vulnerable during overload and outage 
conditions. Alternative B also uses long express feeder circuits that require many more components 
to keep in running order and fully operational during all possible conditions. 

With respect to future growth, Alternative B provides for less future capacity additions because no 
new substation is built and expansion capabilities at 34.5 kV have been used up at Parkers Lake.  
However, it does not exhaust capacity at the Gleason Lake and Parkers Lake 13.8 kV substations.  
As a result, the Gleason Lake and Parkers Lake transformers could be replaced with larger units to 
serve additional load in the future. 

Alternative B requires installation of additional distribution facilities at the Parkers Lake Substation.  
Installing more distribution facilities at Parkers Lake involves an increased risk.  It is not typical to 
have more than three distribution transformers at one distribution substation on the Northern States 
Power-Minnesota (“NSPM”) system.  There is risk of “putting all the eggs in one basket” with this 
alternative.  A common failure of all the transformers at the Parkers Lake Substation would put a 
large quantity of load in the area at risk.  Though this should not be considered a primary driver of 
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design, it should be considered.  A common failure could be due to a tornado or other disasters that 
could require de-energization of the Parkers Lake Substation and put a large quantity of load at risk. 

8.2.3: Transmission System Performance 

Alternative B includes the separation of the existing Gleason Lake – Parkers Lake 115 kV double 
circuit into two 115 kV lines. The line separation is combined with a Gleason Lake 115 kV capacitor 
bank to eliminate all of the critical contingencies in the Transmission Area of Concern for the near-
term timeframe. These facilities are relatively inexpensive and provide a great first step in solving the 
transmission problem for the long-term.  

Future load growth will exceed the transmission capabilities provided by these facilities and will then 
require load to be moved away from Gleason Lake. Requiring distribution to move load because of 
a transmission need is very unusual and is not sustainable for the long-term. Transferring load away 
from existing assets at Gleason Lake requires more assets to be installed just to handle the 
transferred load. Also, expanding Parkers Lake’s load serving capabilities puts more load at one 
location and the concern of placing “all your eggs in one basket” more pronounced. In an ideal 
situation, it is best to serve load in an area from multiple substations and spread out the load density 
to provide the most reliable service. Consolidating loads into fewer substations means that when a 
contingency occurs, there will be fewer ways to backup loads and bring customers’ power back. The 
resulting condition is more customers out of power for longer periods of time.  

Lastly, serving 2% load growth in Alternative B requires two direct 34.5 kV feeders from Parkers 
Lake to Gleason Lake and the expansion of Gleason Lake substation beyond land currently owned 
by Xcel Energy. This expansion and new set of 34.5 kV is beyond normal planning solutions. If the 
load does grow at a faster than expected, and before these last facilities would go in service, the 
system would need to be re-evaluated to determine the best solution.  

8.3: Alternative C: Expand Hollydale substation, utilize existing transmission line corridors, 
construct Pomerleau Lake substation.  

8.3.1: Overview 

 Facilities and Timing:  

o 2018: rebuild Hollydale substation; three 13.8 kV feeders at Hollydale; construct 
Pomerleau Lake substation; construct extension of 69 kV line to Pomerleau Lake; re-
energize Hollydale-Pomerleau Lake 69 kV line; reinforce feeders at Parkers Lake; 
construct extension of one 13.8 kV feeder at Parkers Lake; install 40 MVAR 
capacitor at Gleason Lake; rebuild Gleason Lake – Parkers Lake 115/115 kV line as 
two separate lines;  

o 2049: expand Hollydale. 

 Total Additional Feeder Length: 4.1 miles 

 Average Additional Feeder Length: 1.0 miles 

 Distribution System Capacity Added under N-1: 56 MW 

 Total Investment: $47.6 million (non-escalated) 
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 Net Present Value in 2016: $38.9 million 

8.3.2: Distribution System Performance 

Compared to Alternatives A and B, Alternative C best satisfies distribution planning criteria.  With 
respect to system performance, the Alternative C installs additional substation transformer capacity 
at a substation nearest to the identified load center in the Focused Study Area.  As a result, 
Alternative C has the shortest total miles of feeders at approximately 4 miles.  Shorter feeder circuits 
consist of less equipment, have fewer elements that can fail, and have less exposure to external 
factors that increase the chance of feeder outages.  In addition, shorter feeders have less electrical 
losses compared to longer feeders.  The decreased exposure from shorter feeders in conjunction 
with the full life expectancy from new distribution feeders leads to the expectation that Alternative C 
will be more reliable than Alternatives A and B. However, Alternative C will not impact reliability at 
the tap-level of the feeder circuit, as the feeder loads will be transferred to the new feeders at the 
mainline level. Continued work is expected to mitigate reliability concerns due to tap level failures.  
Alternative C is capable of maintaining adequate voltage on feeder circuits. 

Alternative C also has the best operability. Alternative C is an extension and reconfiguration of the 
existing distribution system and provides for a large number of standard options that could be 
quickly implemented under contingency conditions. Additionally, Alternative C does not require any 
step down transformers or switching cabinets. 

With respect to future growth, the Alternative C provides the most possibilities of all the alternatives 
for future capacity additions.  Alternative C does not exhaust capacity at the Gleason Lake and 
Parkers Lake substations.  As a result, the Gleason Lake and Parkers Lake transformers could be 
replaced with larger units to serve additional load in the future.  Alternative C also allows for 
additional distribution capacity to be added at Pomerleau Lake in the future as load grows in the 
area.  In addition, the 69 kV transmission line into the Hollydale Substation would be able to source 
an additional new third transformer at this substation without adding additional transmission lines in 
the area. 

Alternative C has a lower cost than the other alternatives in the near-term and significantly lower 
cost in the long-term because it uses many existing facilities.  

8.3.3: Transmission System Performance 

Alternative C includes the separation of the existing Gleason Lake – Parkers Lake 115 kV double 
circuit into two 115 kV lines. The line separation is combined with a Gleason Lake 115 kV capacitor 
bank to eliminate all of the critical contingencies in the Transmission Area of Concern for the near-
term timeframe. These facilities are a good first step in solving the transmission problem for the 
long-term. Additionally, Alternative C includes the re-energization of the Hollydale – Pomerleau 69 
kV line. This line provides load serving capabilities for the long-term as it takes the Hollydale load 
off of the Gleason Lake substation and onto the 69 kV line.  

Alternative C utilizes many existing facilities and allows for the most system expandability of any 
alternative. For example, if a large spot load emerged in the area, Alternatives A and B may not be 
able to support the new load. However, Alternative C would have the available capacity to 
accommodate this load addition. Alternative C can handle the most load growth because it does not 
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require the extra distribution load transfers that Alternatives A and B require.  As a result, all of the 
distribution components in the other alternatives remain available if necessary. 

Table 8.1 shows a comparison of Alternatives A, B, and C in regards to feeder improvements, 
distribution capacity, total investment, and net present value of each alternative.  Based on these 
criteria and the performance criteria outlined above, Alternative C is the best performing alternative. 

Table 8.1: Comparison of the three alternatives with respect to feeder improvements, 
distribution capacity, total investment cost, and net present value. 

Project 

Total 
Additional 

Feeder 
Length 

Average 
Additional 

Feeder 
Length 

Distribution 
System 

Capacity Added 
Under N-1 

Total 
Investment 

Net 
Present 

Value for 
2016 

Alternative A 9.1 mi 1.8 mi 70 MW $65.8 M $45.1 M 

Alternative B 11.0 mi 2.2 mi 70 MW $68.8 M $41.7 M 

Alternative C 4.1 mi 1.0 mi 56 MW1 $47.6 M $38.9 M 
1 Alternative C could have a total of 126 MW of additional distribution system capacity under N-1 conditions by utilizing 
Pomerleau Lake substation for distribution.  

8.4: Cost.   

Table 8.2 shows the total investment cost and net present value for 2016 assuming load growth rates 
of 1% and 2%. 

Table 8.2: Total Investment and Net Present Value Cost for the Three Alternatives, 
assuming 1% and 2% Load Growth 

Project 
Total 

Investment
Net Present 

Value for 2016 
Total 

Investment
Net Present 

Value for 2016 

1% Growth 2% Growth 

Alternative A $65.8 M $45.1 M $103.6 M $46.7 M 

Alternative B $68.8 M $41.7 M $106.6 M $43.3 M 

Alternative C $47.6 M $38.9 M $61.4 M $39.5 M 

 

Table 8.3 shows the near-term and long-term investment costs for each alternative, assuming 1% 
load growth. 

Table 8.3: Total Near-term and Long-term Investment Cost for Each Alternative, 
assuming 1% Load Growth 

Project 
Near-term 
Investment 

Long-term 
Investment 

1% Growth 

Alternative A $50.7 M $65.8 M 

Alternative B $46.2 M $68.8 M 

Alternative C $44.6 M $47.6 M 
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9.0:   Recommended Alternative.   

The best performing alternative from an engineering perspective for the Transmission Area of 
Concern and Focused Study Area is Alternative C, due to the system flexibility, lowest capital 
investment, and least amount of new infrastructure. Alternative A is the next best solution due to 
the system flexibility it provides over Alternative B. However, all three alternatives were designed to 
comparably meet the long-term load serving needs in the Transmission Area of Concern and 
Focused Study Area. Since all three alternatives are comparable solutions, input on non-engineering 
factors will be gathered during the permitting process that will help determine the best alternative to 
construct.   
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Appendix A: System Alternatives Maps 

Figure A. 1: Map of Alternative A 
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Figure A. 2: Map of Alternative B 
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Figure A. 3: Map of Alternative C 
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Appendix B: Load Forecasts 

 



 1% Growth 2016 2017 2020 2025 2030 2035 2040 2045 2050
Gleason Lake 97.8 98.8 101.8 107.0 112.5 118.2 124.2 130.6 137.2
Medina 6.3 6.4 6.6 6.9 7.2 7.6 8.0 8.4 8.8
Mound 38.8 39.2 40.3 42.4 44.6 46.8 49.2 51.7 54.4
Orono 17.8 18.0 18.5 19.5 20.4 21.5 22.6 23.7 25.0
Greenfield 4.6 4.6 4.8 5.0 5.3 5.6 5.8 6.1 6.5

Total 165.3 166.9 172.0 180.8 190.0 199.7 209.9 220.6 231.8

2% Growth 2016 2017 2020 2025 2030 2035 2040 2045 2050
Gleason Lake 97.8 98.8 104.9 115.8 127.8 141.1 155.8 172.0 190.0
Medina 6.3 6.4 6.8 7.5 8.2 9.1 10.0 11.1 12.2
Mound 38.8 39.2 41.5 45.9 50.6 55.9 61.7 68.2 75.3
Orono 17.8 18.0 19.1 21.1 23.2 25.7 28.3 31.3 34.5
Greenfield 4.6 4.6 4.9 5.4 6.0 6.6 7.3 8.1 8.9

Total 165.3 166.9 177.2 195.6 216.0 238.4 263.3 290.7 320.9

Transmission Area of Concern

Forecasted Loads (MW)



Focused Study Area - Gleason Lake Sub Analysis 34.5 kV
Peak Forecast 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036
GSL TR4 48.0 48.4 48.9 49.4 49.9 50.4 50.9 51.4 51.9 52.4 53.0 53.5 54.0 54.6 55.1 55.7 56.2 56.8 57.4 57.9 58.5

Conservative Forecast 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036
GSL TR4 44.6 44.8 45.0 45.2 45.4 45.7 45.9 46.1 46.4 46.6 46.8 47.1 47.3 47.5 47.8 48.0 48.3 48.5 48.7 49.0 49.2 49.5 49.7

includes HOL load

Focused Study Area - Gleason Lake Sub Analysis 13.8 kV
Peak Forecast 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036
GSL TR7 22.9 23.1 23.3 23.6 23.8 24.0 24.3 24.5 24.8 25.0 25.3 25.5 25.8 26.0 26.3 26.5 26.8 27.1 27.3 27.6 27.9
GSL TR8 31.5 31.8 32.2 32.5 32.8 33.1 33.5 33.8 34.1 34.5 34.8 35.2 35.5 35.9 36.2 36.6 37.0 37.3 37.7 38.1 38.5
TOTAL 54.4 54.9 55.5 56.0 56.6 57.2 57.7 58.3 58.9 59.5 60.1 60.7 61.3 61.9 62.5 63.1 63.8 64.4 65.1 65.7 66.4

Conservative Forecast 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036
GSL TR7 19.1 19.2 19.3 19.4 19.5 19.6 19.7 19.8 19.9 20.0 20.1 20.2 20.3 20.4 20.5 20.6 20.7 20.8 20.9 21.0 21.1 21.2 21.3
GSL TR8 24.5 26.6 31.7 31.8 32.0 32.1 32.3 32.5 32.6 32.8 33.0 33.1 33.3 33.5 33.6 33.8 34.0 34.1 34.3 34.5 34.6 34.8 35.0
TOTAL 43.6 45.8 51.0 51.2 51.5 51.7 52.0 52.2 52.5 52.8 53.0 53.3 53.6 53.8 54.1 54.4 54.6 54.9 55.2 55.5 55.7 56.0 56.3

Focused Study Area - Feeder Analysis 13.8 kV and 34.5 kV
Peak Forecast 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036
GSL341 18.1 18.3 18.4 18.6 18.8 19.0 19.2 19.4 19.6 19.8 20.0 20.2 20.4 20.6 20.8 21.0 21.2 21.4 21.6 21.8 22.1
GSL342 32.4 32.7 33.1 33.4 33.7 34.1 34.4 34.7 35.1 35.4 35.8 36.1 36.5 36.9 37.2 37.6 38.0 38.4 38.8 39.1 39.5
PKL062 6.8 6.9 7.0 7.0 7.1 7.2 7.3 7.3 7.4 7.5 7.5 7.6 7.7 7.8 7.9 7.9 8.0 8.1 8.2 8.3 8.3
PKL074 12.9 13.1 13.2 13.3 13.5 13.6 13.7 13.9 14.0 14.1 14.3 14.4 14.6 14.7 14.9 15.0 15.2 15.3 15.5 15.6 15.8
PKL075 9.4 9.5 9.6 9.7 9.8 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.9 11.0 11.1 11.2 11.3 11.4 11.5
PKL081 9.6 9.7 9.8 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11.0 11.1 11.2 11.3 11.4 11.6 11.7
PKL083 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 9.9 10.0 10.1 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11.0 11.1 11.2
PKL084 7.8 7.9 8.0 8.0 8.1 8.2 8.3 8.4 8.4 8.5 8.6 8.7 8.8 8.9 9.0 9.1 9.1 9.2 9.3 9.4 9.5
GSL061 6.9 7.0 7.1 7.1 7.2 7.3 7.4 7.4 7.5 7.6 7.7 7.7 7.8 7.9 8.0 8.0 8.1 8.2 8.3 8.4 8.5
GSL076 7.9 8.0 8.0 8.1 8.2 8.3 8.4 8.5 8.5 8.6 8.7 8.8 8.9 9.0 9.1 9.2 9.2 9.3 9.4 9.5 9.6
GSL079 7.7 7.8 7.8 7.9 8.0 8.1 8.2 8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.8 8.9 9.0 9.1 9.2 9.3 9.4

TOTALS 128.7 130.0 131.3 132.6 134.0 135.3 136.7 138.0 139.4 140.8 142.2 143.6 145.1 146.5 148.0 149.5 151.0 152.5 154.0 155.5 157.1
Conservative Forecast 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036
GSL341 17.7 17.8 17.9 18.0 18.1 18.2 18.3 18.4 18.4 18.5 18.6 18.7 18.8 18.9 19.0 19.1 19.2 19.3 19.4 19.5 19.6 19.7 19.8
GSL342 29.4 29.6 29.7 29.9 30.0 30.2 30.3 30.5 30.6 30.8 30.9 31.1 31.2 31.4 31.5 31.7 31.9 32.0 32.2 32.3 32.5 32.7 32.8
PKL062 6.4 6.4 6.5 6.5 6.5 6.6 6.6 6.6 6.7 6.7 6.7 6.8 6.8 6.8 6.9 6.9 6.9 7.0 7.0 7.0 7.1 7.1 7.2
PKL074 12.1 12.2 12.3 12.3 12.4 12.4 12.5 12.6 12.6 12.7 12.8 12.8 12.9 13.0 13.0 13.1 13.2 13.2 13.3 13.3 13.4 13.5 13.6
PKL075 8.9 9.0 9.0 9.1 9.1 9.1 9.2 9.2 9.3 9.3 9.4 9.4 9.5 9.5 9.6 9.6 9.7 9.7 9.8 9.8 9.9 9.9 10.0
PKL081 11.3 11.4 11.4 11.5 11.5 11.6 11.7 11.7 11.8 11.8 11.9 12.0 12.0 12.1 12.1 12.2 12.3 12.3 12.4 12.4 12.5 12.6 12.6
PKL083 9.4 9.5 9.5 9.6 9.6 9.7 9.7 9.8 9.8 9.9 9.9 10.0 10.0 10.1 10.1 10.2 10.2 10.3 10.3 10.4 10.4 10.5 10.5
PKL084 7.5 7.5 7.6 7.6 7.7 7.7 7.7 7.8 7.8 7.8 7.9 7.9 8.0 8.0 8.0 8.1 8.1 8.2 8.2 8.2 8.3 8.3 8.4
GSL061 4.3 4.3 4.3 4.3 4.4 4.4 4.4 4.4 4.4 4.5 4.5 4.5 4.5 4.6 4.6 4.6 4.6 4.7 4.7 4.7 4.7 4.7 4.8
GSL076 7.1 7.1 7.2 7.2 7.2 7.3 7.3 7.3 7.4 7.4 7.5 7.5 7.5 7.6 7.6 7.6 7.7 7.7 7.8 7.8 7.8 7.9 7.9
GSL079 6.8 6.9 6.9 6.9 7.0 7.0 7.1 7.1 7.1 7.2 7.2 7.2 7.3 7.3 7.3 7.4 7.4 7.5 7.5 7.5 7.6 7.6 7.6

TOTALS 121.1 121.7 122.3 122.9 123.5 124.1 124.8 125.4 126.0 126.6 127.3 127.9 128.5 129.2 129.8 130.5 131.1 131.8 132.5 133.1 133.8 134.4 135.1



Substation Transformer Historical Summer "Peak" Demand

MW

Bank 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

GSL TR7 20.1 21.5 20.8 21.4 20.2 21.7 19.6 18.6 17.6 17.7 22.1 20.0 19.8 19.0 16.1

GSL TR8 23.5 27.0 24.1 25.7 27.0 28.0 24.3 23.1 21.9 24.3 26.7 25.8 26.1 24.5 25.3

TOTAL 43.6 48.5 44.9 47.1 47.2 49.6 43.9 41.7 39.6 42.1 48.8 45.8 45.8 43.6 41.4

KVA

Bank 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

GSL TR7 20500 21950 21260 21850 20570 22120 20000 19000 18000 18100 22560 20450 20160 19420 16410

GSL TR8 24000 27500 24600 26190 27600 28540 24780 23580 22390 24820 27245 26310 26610 25050 25860

TOTAL 44500 49450 45860 48040 48170 50660 44780 42580 40390 42920 49805 46760 46770 44470 42270

MW

Bank 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

GSL TR4 23.5 26.0 28.7 31.4 36.5 39.2 40.2 35.3 36.2 41.1 45.2 42.4 46.2 44.6 40.4

KVA

Bank 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

GSL TR4 24000 26500 29310 32080 37200 40000 41000 36000 36910 41890 46110 43270 47170 45460 41270



Feeder Circuit Historical Summer "Peak" Demand
Megawatts (MW)

Feeder 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

HOL061 2.6 6.0 5.9 5.6 6.1 6.2 8.0 7.5 7.4 6.7 8.1 7.3 7.1 6.4 6.8

HOL062 9.4 10.0 8.3 9.1 10.3 10.4 8.8 8.1 8.3 8.2 8.8 11.7 11.8 12.3 11.3

PKL062 11.3 11.4 8.6 8.3 8.3 6.4 6.1 6.7 6.6 7.0 6.5 6.7 6.6 6.4 6.2

PKL074 12.7 13.2 12.7 12.2 12.4 14.3 12.8 10.9 11.8 11.3 13.7 12.7 12.1 12.1 12.1

PKL075 7.5 9.5 9.3 7.6 8.3 9.7 9.4 8.8 8.3 9.2 9.7 9.3 9.1 8.9 9.5

PKL081 9.4 10.5 10.0 11.7 11.2 11.6 11.2 9.5 8.6 9.6 10.4 10.3 9.7 11.3 7.6

PKL083 9.6 10.7 9.5 8.8 8.6 9.5 8.6 8.6 8.9 9.3 7.8 9.5 10.0 9.4 7.3

PKL084 9.5 9.8 9.3 9.3 10.1 10.3 10.0 10.0 9.3 8.2 7.8 7.5 7.6 7.5 6.8

GSL061 9.8 8.5 8.0 7.8 8.3 8.4 6.4 5.8 5.7 3.8 4.9 6.8 5.2 4.3 3.8

GSL076 8.6 9.3 8.8 8.7 9.5 9.8 8.3 7.5 7.4 7.2 7.7 7.7 7.1 7.1 6.9

GSL079 7.4 7.7 8.7 8.8 8.0 8.7 8.2 6.8 7.2 6.4 7.3 7.6 6.6 6.8 6.6

GSL341 23.5 28.4 29.4 29.2 30.0 31.4 32.3 31.4 29.9 31.6 16.4 16.7 16.4 17.7 17.9

GSL342 0.0 0.0 0.0 2.9 6.1 8.5 9.1 9.7 11.3 11.7 29.4 28.8 32.0 29.4 25.1

TOTALS (MW) 109.4 119.0 114.2 115.1 120.9 128.4 122.4 115.6 114.8 115.4 121.6 123.6 122.5 121.1 109.6

KVA

Feeder 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

HOL061 2605 6116 6000 5700 6240 6300 8200 7700 7500 6886 8254 7458 7209 6513 6911 Included with GSL342 feeder load (GSL341 prior to 2011)

HOL062 9596 10242 8500 9270 10541 10600 8974 8303 8500 8402 8974 11958 12010 12505 11485 Included with GSL342 feeder load (GSL341 prior to 2011)

PKL062 11515 11590 8760 8450 8500 6494 6200 6861 6713 7113 6615 6870 6781 6538 6290

PKL074 13000 13500 12927 12430 12684 14548 13073 11095 12007 11580 13971 12952 12333 12390 12306

PKL075 7677 9700 9450 7707 8497 9911 9553 8950 8424 9407 9905 9468 9274 9098 9671

PKL081 9637 10690 10193 11932 11447 11793 11459 9711 8813 9796 10658 10536 9941 11546 7707

PKL083 9800 10938 9695 8950 8764 9724 8728 8788 9043 9468 7930 9711 10208 9637 7433

PKL084 9695 10000 9447 9447 10342 10500 10184 10200 9447 8416 7951 7635 7805 7656 6936

GSL061 10000 8701 8204 7955 8452 8576 6500 5900 5800 3850 4950 6961 5290 4360 3900

GSL076 8810 9500 9000 8870 9646 10000 8500 7632 7600 7380 7860 7905 7250 7234 7035

GSL079 7500 7856 8900 8950 8204 8850 8400 6911 7300 6530 7490 7707 6750 6986 6687

GSL341 24000 28962 30000 29790 30640 32000 33000 32000 30500 32280 16750 17029 16760 18086 18272

GSL342 0 0 0 3000 6215 8639 9323 9944 11500 11960 30000 29396 32629 30018 25606

TOTALS 111634 121437 116576 117481 123391 131035 124920 117992 117147 117780 124080 126170 125021 123549 111843 excludes HOL061 and HOL062
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Appendix C: Demand-Side Management 

 

 



Appendix C – Demand Side Management Alternatives 
 
Demand Side Management Alternatives 
Demand Side Management (DSM) Alternatives have been reviewed in accordance with the 
May 12, 2014 Commission Order in Docket No. E-002/12-113.   
 
The Company has had a long-standing commitment to DSM through our Conservation 
Improvement Program (CIP).  CIP programs, including both energy efficiency and demand 
response, have been developed in accordance with regulations set forth by the Minnesota 
Department of Commerce, Division of Energy Resources (DER).  In 2014, these programs 
provided a peak demand reduction of 114 MW and 481 GWh of energy savings1.  Since 
1992, these programs have contributed enough demand savings to prevent the need to build 
11 medium sized power plants. 
 
Our CIP portfolio includes voluntary programs in two categories: Energy Efficiency and 
Demand Response.  Energy Efficiency programs provide an incentive to customers for 
installing efficient technologies such as compact fluorescent lighting or high efficiency air 
conditioning through a rebate.  These programs help reduce overall system growth and 
reduce the need to invest in additional generation resources. Demand Response programs 
are designed to provide immediate load reduction during times of high system load by 
providing customers an incentive to curtail their usage.  Examples of these programs include 
our Saver’s Switch® and Energy Rate Savings programs. 
 
1. Energy Efficiency Impact 
There has been strong participation in energy efficiency programs by customers within the 
affected area.  Over the past five years nearly 5,200 separate rebates have been awarded 
within the Hollydale affected area, resulting in peak load reductions of 9.2 MW.  The 
majority of these have been for residential efficiency measures given that the affected area is 
a predominantly residential customer base.  Programs customers commonly take advantage 
of include; air conditioning replacement, lighting efficiency, home energy audits, refrigerator 
recycling, and cooling efficiency to name a few.  New programs such as the Smart 
Thermostat pilot are also seeing adoption within the area.  Table A below reflects the impact 
and participation for the last five years:     
 

Table A: Energy Efficiency Participation and Impact 
 

Year Participants
Peak kW 

Reduction

2011 748                1,848            

2012 752                1,534            

2013 1,071             1,526            

2014 1,330             2,124            

2015 1,280             2,183            

Total 5,181             9,215              

                                                 
1 As filed on April 1, 2015, Docket No. E,G002/CIP-12-447.07 



 
 

Efficiency programs have already helped mitigate constraints within the affected area by 
reducing peak demand.  Unfortunately these efforts are not enough to solve the existing 
2016 Distribution Substation Transformer Need of 14 MW outlined in section 4.1.4 of this 
report, nor the ~12 MW of Transmission Need identified in section 4.2.2.  Even with 
increased marketing efforts it would not be feasible to meet these needs through efficiency 
programs.  The benefit efficiency programs bring to the area is largely in controlling and 
reducing future load growth.  This has been reflected in the “Conservative Growth 
Forecast” presented in section 4.1.2. 
 
2. Demand Response (DR) Impact 
Unlike Energy Efficiency programs which create a permanent reduction in load, demand 
response programs are designed to reduce load at specific times; traditionally when the 
electric system is at peak.  These programs provide customers incentive to curtail load during 
certain hours of these critical days.  The programs are voluntary and in most cases customers 
may cancel their enrollment at any time.   
 
To date, the Company has utilized demand resources almost exclusively in situations when 
there is a system wide constraint.  Demand Response programs were not originally designed 
to be dispatched for localized issues such as those occurring within the affected area.   It 
would take system modifications and investments to use these resources for localized 
emergencies. 
 
There are two programs already offered within the affected area are the Saver’s Switch 
program and the Electric Rate Savings program.  Through Saver’s Switch (SS) the Company 
can remotely control central air conditioning loads using a load control switch installed at the 
customer’s site.  The Electric Rate Savings (ERS) program is designed for larger commercial 
and industrial customers.  Participants are required to reduce load to a pre-determined level, 
with the minimum load reduction being at least 50 kW.  Both the SS and ERS programs 
offer customers incentives on their electric bill for their participation.  Existing participation 
rates are relatively high, with over 30% of the customer base enrolled in these programs 
(Reference Table B).  
 

Table B: Demand Response Program Participation 

Customer Type

Customer 

Count

DR Program 

Participation

Participation 

%

Residential 22,872 8,286 36%

Commercial 2,808 224 8%

Industrial 262 59 23%

Total 25,942 8,569 33%  
 

 
Allowing that the necessary system modifications and investments were made these 
programs could provide approximately 3.8 MW of load relief to the Distribution constrained 
areas and 11.7 MW to the Transmission area.  Though substantial, these load reductions do 
not meet the need in the area.   The Company also looked at remaining demand response 



potential in the area and identified approximately 2 MW of additional DR resources, largely 
by increasing participation in the Saver’s Switch program. Even including this additional 
potential, DR is unable to address the Distribution and Transmission needs (see table C).  
This is partly a result of the distribution of demand response resources.  Some are located on 
feeders which could address the Transmission need, others on feeders addressing the 
Distribution need and a few on feeders which overlap the Transmission and Distribution 
areas.  The conclusion is that even assuming DR programs were expanded to every eligible 
customer within the area the programs would not meet the Transmission and Distribution 
needs identified in 2016.   
 

Table C: Demand Response Potential by Need within Affected Area 
 

Need Addressed

Existing DR 

(MW)

Additional 

Potential 

(MW)

2016 MW 

Required

Remaining 

Shortfall

Distribution 3.8 0.4 14 10.2

Transmission 11.7 0.8 12 0.6  
 
2. DSM Impact on Hollydale  

 
Demand response and energy efficiency have impacted the affected area, helping to reduce 
overall load growth over the past ten years.  However, the immediate needs identified within 
the affected area surpass the relief DSM can immediately bring to the system.   
 
The Company continues to evaluate whether any alternative, non-traditional, CIP programs 
could be developed to address the particular transmission and distribution issues within this 
area and will continue to update the Commission on the results of further evaluation.  In the 
meantime the Company will continue to market its continually evolving portfolio of 
conservation and demand response programs to the affected area. 
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Appendix D: Cost Estimates 



Project ISD Year Location
Project Scope          

(excludes Permitting 
Costs)

SUB Costs Project ISD Year Location
Project Scope          

(excludes Permitting 
Costs)

SUB Costs

Gleason Lake - Parkers 
Lake Dbl Ckt rebuild to 
single circuits (line 1)

Gleason Lake - Parkers 
Lake Dbl Ckt rebuild to 
single circuits (line 1)

Gleason Lake - Parkers 
Lake Dbl Ckt rebuild to 
single circuits (line 2)

Gleason Lake - Parkers 
Lake Dbl Ckt rebuild to 
single circuits (line 2)

Replace Distribution 
underbuild on GSL-PKL 
line

Replace Distribution 
underbuild on GSL-PKL 
line

2018 Gleason Lake 115 kV capacitor bank 2018 Gleason Lake 115 kV capacitor bank
2018 Parkers Lake Reinforce Feeder Exits 2018 Parkers Lake Reinforce feeder exits
2018 Hollydale Substation improvements 2018 Hollydale Substation improvements

Land
Install 2- 115/34.5kV 
70MVA TRs

GRE Xmsn In/Out 2- Distribution feeders
Install New Sub & 2- 
115/34.5kV 70MVA TRs

2040 Parkers Lake
Distribution feeder 
reconfigure

-$              

2- Distribution feeders 2048 Parkers Lake
Distribution feeder 
reconfigure

300,000$      

2040 Pomerleau Lake
Distribution feeder 
reconfigure

-$              
Install 2- 115/34.5kV 
70MVA TRs

2048 Pomerleau Lake
Distribution feeder 
reconfigure

300,000$      Land

Install 2- 115/34.5kV 
70MVA TRs

2- Distribution feeders

2- Distribution feeders 2060 PKL to GSL feeder 2- Distribution feeders 15,800,000$ 

2060 PKL to GSL feeder 2- Distribution feeders 15,800,000$ 2060 Gleason Lake
Install 2- 34.5/13.8kV 
28MVA TRs

22,000,000$ 

2060 Gleason Lake
Install 2- 34.5/13.8kV 
28MVA TRs

22,000,000$ 

Total (1% Growth) 68,779,000$ 
Total (1% Growth) 65,829,000$ Near Term 46,179,000$ 
Near Term 50,729,000$ Far Term 22,600,000$ 
Far Term 15,100,000$ 2% Growth Long Term 37,800,000$ 
2% Growth Long Term 37,800,000$ 

Project ISD Year Location
Project Scope          

(excludes Permitting 
Costs)

SUB Costs

Gleason Lake - Parkers 
Lake Dbl Ckt rebuild to 
single circuits (line 1)
Gleason Lake - Parkers 
Lake Dbl Ckt rebuild to 
single circuits (line 2)
Replace Distribution 
underbuild on GSL-PKL 
line

2018 Gleason Lake 115 kV capacitor bank
2018 Parkers Lake Reinforce feeder exits

Substation improvements
Install 2- 28MVA 
69/13.8kV TRs
3- Distribution feeders
GRE Xmsn in/out
Land
Install NSP Sub & 1- 
112MVA 115/69kV TR

2018 T line 69 kV
Medina-Hollydale-
Pomerleau Lake 69 kV 
purchase, trim trees

2049 Hollydale
Install 1- 28MVA 
69/13.8kV TR

3,000,000$   

Install 2- 115/34.5kV 
70MVA TRs
2- Distribution feeders

Total (1% Growth) 47,624,000$ 
Near Term 44,624,000$ 
Long Term 3,000,000$   
2% Growth Long Term 13,800,000$ 
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