have been more customers requesting service and it is expected that the loads will begin to increase
moving forward.

With the exception of the last few years, electrical energy purchases have increased in response to an
expanding population and consumer base in the Glenwood Springs service area over the past 36
years. In 1976, the City purchased 39,000 MWh with a system peak demand of 6.8 MW. In 2012, the
City purchased 130,437 MWh which represents an annual compound growth rate in energy purchases
of 3.4 percent during this period (down from 4.1 percent before the recession). In 2012, the system
peak summer coincident demand for the City reached 22.5 MW which represents an annual
compound growth rate in peak demand of 3.3 percent (also down from 4.1 percent) over the past 36
years.

A review of the demand and energy trends shows that with the exception of the addition of the large
commercial Glenwood Meadows area and the subsequent recession period beginning in 2008, the
growth trends were nearly linear. Since the economy has recently improved, it is expected that the
load growth will resume its historic linear growth rate. These trends represent an annual increase in
the peak demand of roughly 630 kW per year for the summer demand and 400 kW per year for the
winter peak demand level. The annual energy purchases are projected to grow at the rate of about
2,700 MWh per year. Since these projections are based on a linear rather than exponential model,
annual load growth varies over the long range. The projections are depicted in Graphs I and II of this
work plan. There is, however, a possible exception to these projections in that a large residential
development may be added south of Glenwood Springs. If this occurs, the growth rate would be
somewhat higher as the development slowly filled in. The growth projections shown in the graphs and
elsewhere in the study reflect the most likely load growth scenario which is moderate in nature.

Future load projections are not expected to grow at the rates experienced in the last 20 years. Load
growth is projected to increase at the following healthy linear rates, however, to reach the following
levels in the next five and 20 year planning horizons:
1) Projected Energy Purchases in 2023: 160,137 MWh (average 2.1 percent per year).
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2) Projected Summer System Peak demand in 2023: 29.3 MW (average 2.7 percent per year).
This figure could increase to 31.3 MW if the Glenwood Ridge development goes through and
is fully built out.
3) Projected Energy Purchases in 2033: 187,137 MWh (average 1.8 percent per year).
4) Projected Summer System Peak in 2033: 35.5 MW (average 2.3 percent per year). As with
the ten year projection, this figure will increase by 2.0 MW if the Glenwood Ridge
development goes forward as planned.
Graphs depicting historical and forecast loads are presented in the System Data and Assumptions
section of this work plan.
•

XCEL ENERGY TRANSMISSION LINE CONVERSION PLAN
1) Xcel Energy notified the City of Glenwood Springs that their 69 kV transmission line system
serving the City substations would be upgraded for 115 kV operation. The original plan was
that the facilities would be upgraded by 2001. At the present time, the transmission line
located between the City’s South Substation and the Xcel Hopkins Substation has been
rebuilt to accommodate operation at 115 kV but is currently operated at 69 kV. The schedule
for converting the remaining transmission facilities (specifically, the line from Glenwood to
Rifle) has continued to be deferred. Xcel has recently upgraded other portions of their
system in the area and it appears that upgrading the facilities serving the City of Glenwood
has now become a much lower priority for them since the recent upgrades have addressed
their most pressing capacity related issues.

•

NORTH GLENWOOD SUBSTATION UPGRADE
The North Substation was recently completely rebuilt and is now rated for operation at 115 kV. This
was the third and final substation to be converted to 115 kV to accommodate Xcel Energy’s plans to
upgrade its 69 kV transmission line to 115 kV. More importantly, the old substation which included
wood pole structures was completely replaced with a new, modern design substation including steel
support structures. In addition to rebuilding the substation to allow for operation at the higher voltage
level and replacing deteriorated facilities, the North Substation transformer has been upgraded in
capacity to a 10/12.5/14 MVA unit and is equipped with a dual voltage, high-side, winding of 69 x 115
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kV. The rebuilt North Glenwood Substation has been sized to serve the projected load growth in the
south service area of the City for the next 20 years.
•

UNDERGROUND REPLACEMENT PROJECTS CONSTRUCTED BY CITY CREWS
The City Electrical Department has continued to aggressively replace existing overhead primary and
secondary lines with new underground lines in both the downtown and outlying areas of the City’s
service territory over the past several years. This program of replacing old existing overhead lines
with new underground facilities will be continued in this five year work plan. The objectives of this
underground replacement program are to: 1) replace old overhead lines with visually less intrusive
underground lines; 2) provide for greater safety to the public; and 3) enhance system reliability.

•

SUMMARY OF COMPLETED CONSTRUCTION PROJECTS OVER THE LAST FIVE YEARS
In addition to rebuilding the North Substation, the following major construction improvements have
recently been made to the City’s electrical distribution plant. A complete list of the projects from the
previous work plan and their current status is contained on the following page.
1) The underground facilities in the Oasis Creek subdivision were replaced.
2) The overhead line along much of Road 130 was replaced with underground 500 MCM line for
the main feeder and 4/0 Al conductor for distribution along the line.
3) The existing 1/0 Al underground line near Big Horn Motors was replaced with new 4/0 Al
cable.
4) The underground facilities were installed for the Mountain Spring Ranch development.
5) The overhead line along much of Midland Road has been replaced with a 4/0 Al underground
line.

•

AUTOMATED METER READING SYSTEM
The City has completed the installation of an automated meter reading system. The system is based
on the Turtle meter system manufactured by Hunt Technologies.

•

GIS MAPPING SYSTEM
The City has completed a new ESRI based GIS mapping system that included a GPS field inventory
of the system. In addition to providing an excellent record of the facilities to assist with operations and
maintenance activities, the detailed mapping information is necessary to develop an accurate
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Status of Projects from the Previous Work Plan

Project
Number
N1
N2

Name
Big Horn Motors

Description
Replace 910' of 3ph 1/0 OH with 3ph 4/0 Al
URD along 6th St
Replace 1,250' of 3ph 4/0 OH with 3ph 4/0
Al URD
Install 500' of 3ph 4/0 Al URD
Install new switchgear after completing N.
Glenwood Sub
Completely rebuild sub with 115x6913.2/7.6 kV 10/14 MVA xfrmr

Status
Done

N3
N4

700 Block (Blake/Bennett
Alley)
New 8th St UG Tie
New Switchgear at North Sub

N5

North Substation Rebuild

S1

Mountain Springs Ranch

Install 3ph 1/0 Al URD for main line and 1ph
1/0 Al URD for taps

Done

S4

Palmer Ave Rebuild

Carry over

S5

Hager Lane

S6

Park West (N. Entrance)

S7

East Side Sopris Ave

S8

Sunlight 1 Subdivision

S9

Midland Ave/Cardiff Bridge

Replace 2,500' of old URD with 1/0 Al along
Palmer Ave
Replace 4,000' of 3ph OH line with 3ph 500
MCM URD along Midland Ave
Replace 5,130' of 3ph OH line with 3ph 500
MCM URD along Midland Ave
Replace 2,000' of 3ph 1/0 OH with 3ph 500
MCM URD along Sopris Ave
Replace 4,500' of old URD with new 1/0 Al
URD
Replace old URD lines with new URD

W1

Oasis Creek

Done

W2

Mel Ray Road

W3

130 Road Rebuild - West End

W4

130 Road Rebuild - Center

W5

130 Road Rebuild - East End

W6

Storm King Trailer Park

W7

Zancanella/Kinder

Replace 10,000' of old URD with new 1/0 Al
URD. Install 3ph along main roads and 1ph
loops in cul-de-sacs
Replace 1,630' of 1ph #4 with 3ph 1/0 Al
URD along Mel Ray Rd
Replace 1,500' 3ph 394 AAAC OH with 500
MCM URD
Replace 2,000' 3ph 4/0 AAAC OH with 500
MCM URD
Replace 2,000' 3ph 394 AAAC OH with 500
MCM URD
Install new 500 MCM URD along Center Dr.
Remove back-lot OH line
Replace 1,330' of OH line with 1/0 Al URD
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Carry over
Carry over
Done
Done

Done
Done
Carry over
Carry over
Done

Carry over
Carry over
Done
Done
Carry over
Cancel

computer model of the distribution system. This is especially necessary due to the complicated and
congested nature of the system.

SUMMARY OF FINDINGS ON CONDITION OF EXISTING ELECTRICAL SYSTEM
The major findings regarding the performance capabilities of the existing electrical system are summarized
below.
1) The existing electrical facilities are in very good physical condition. The electrical system is wellmaintained and provides reliable, quality electrical service.
2) The existing electrical system is adequate to serve the needs of the City for the next ten years under
normal operations when all three substations remain in service. The projected summer load of the
GSES in ten years, or year 2023, is estimated to be about 29.3 MW. The existing substation
transformation capacity is 42 MVA with all cooling fans in operation.
3) At the present time, the existing electrical system is adequate to serve the entire electrical load of the
City if one of the three substations is out of service (i.e., a present summer peak of 22.5 MW and 28
MVA of capacity if only two substations are in service). In ten years’ time, however, the summer peak
is projected to reach 29.3 MW so the 28 MVA of capacity of just two substations would not be
adequate. This situation would be made worse if the Glenwood Ridge development goes forward and
adds up to 2.0 MW to the peak load levels. Additional capacity would, therefore, be necessary if it is
desired to provide complete backup capacity for peak load conditions if a substation is out of service.
4) New residential development and continued commercial growth will require continued construction of
new underground lines and replacement of overhead lines with new underground facilities. The
developer is, however, responsible for much of the cost of the facilities installed in new developments.
5) Reliable, safe and economical operations are to be preserved by continuing to provide ordinary
maintenance and regular replacements to the system on an annual basis.

SUMMARY OF CONSTRUCTION RECOMMENDATIONS
In order to continue to provide reliable and economical electrical service to all City customers, a five-year
construction work plan with new electric system improvements has been prepared covering a period from the
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year 2013 through the year 2017. A summary of these five-year construction improvement projects is
presented in the following table:

2013-2017 Five Year Construction Program Summary

Category
Recloser
Replacement
General System
Improvements
Distribution Line
Improvements
Substation
Changes

Description
Replace the hydraulically controlled reclosers in the
substation with new electronically controlled units
Line extensions for new consumers and replace some
old facilities
Replace old and unreliable overhead and underground
line sections with new 15 kV underground facilities.
Install some new tie lines.

Cost
$420,000
$900,000

$1,072,000

Replace the lowside insulators in the Mitchell Substation
$7,000

Five Year Construction Program Total Cost
Average Yearly Cost

$2,399,000
$479,800
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SYSTEM DATA AND ASSUMPTIONS
STATISTICAL DATA
General Community Profile
The City of Glenwood Springs is located in Garfield County in the western part of the State of Colorado.
The City is located on U.S. Interstate I-70, approximately 160 miles west of Denver and 90 miles east
of Grand Junction. The downtown area of Glenwood Springs is located at the confluence of the
Colorado River and the Roaring Fork River. Glenwood Springs is the county seat of Garfield County.
The city limits encompass roughly 4.8 square miles of territory.

The major commercial and employment activity of the City is attributable to the tourist industry involving
retail stores, motels, restaurants, and service businesses. Tourism and recreational activities are in
large part due to the world famous hot springs facilities in the City, the close proximity of the City to area
ski slopes such as Aspen and Vail, and its location along I-70 which serves as a convenient stop-over
point for tourists and travelers driving through the Rockies in the western part of the state. The
secondary commercial and employment activities of the City are attributable to city and county
government, school districts and forestry. Remaining employment in the City and the surrounding
areas is retained in regional retail stores, construction, and mining operations.

Wholesale Power Supply Arrangements
The Glenwood Springs Electric System (GSES) purchases its power requirements on a wholesale
basis from the Municipal Energy Association of Nebraska on a flat-rate energy charge of approximately
3.9 cents per kWh. This power is wheeled to the City via the Xcel Energy transmission system for
which the City pays a monthly wheeling charge. The charge to use Xcel Energy’s transmission system
is included in the monthly MEAN power bill. The City also receives a monthly allocation of low-cost
federal power from the Western Area Power Administration. This small monthly allocation of federal
power is used by the City as its base wholesale power supply and represents only 4.0 percent of the
City’s total energy requirements. In addition, the City purchases a portion of its energy requirements
from a wind generation source that amounted to 26.1 percent of total energy requirements during 2012.
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Wholesale power is presently delivered to three substations by a 69,000 volt transmission system
owned and operated by Xcel Energy. The three substations, known as the Mitchell Substation, North
Glenwood Substation, and Roaring Fork Substation are owned and operated by GSES.

Population
According to 2010 Census Bureau estimates, the population of the City of Glenwood Springs is
presently about 9,600. The population of the area surrounding the city limits comprised of West
Glenwood, Cardiff, Three-Mile, Four-Mile, and No Name is presently about 4,000. This brings the total
population of the service territory provided electricity by the City of Glenwood Springs to roughly 13,600.

The population of the City of Glenwood Springs was just under 4,800 in 1980. The City has, therefore,
seen a population increase of 100% over the past 30 years where the population in 2010 is
approximately 9,600 which is equivalent to an annual average growth rate of 2.3 percent.

System Demand Peak in MW
The annual system coincident peak for the Glenwood Springs Electric System was 5.5 MW in 1972;
increased to its highest level of 23.6 MW in 2007; and has decreased somewhat to its current level of
22.5 MW in 2012. Historically, the system peaks typically occurred in the winter months due to electric
heating and greater lighting utilization. Recently however, the summer peak has increased to the point
where it matches or even slightly exceeds the winter peak. Furthermore, it is expected that the summer
peak will continue to increase at a higher rate than the winter due to the need for more cooling in the
summer months. The average annual compounded growth rate in system peak demand from 1972 to
2012 was 3.6%. A summary of actual wholesale power purchases for the Glenwood Springs Electric
System from the year 1971 through the year 2012 is shown in the table titled Historical Energy
Purchases.

System Usage in MWh
The annual system energy purchased for the Glenwood Springs Electric System was 27,000 MWh in
1971 and 130,437 MWh in 2012. The monthly peak energy use typically occurs in the winter months.
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The peak energy purchased in a summer month is typically somewhat less than purchased during the
peak winter months (about 95.0 percent). The average annual compounded growth rate in annual
energy purchases from 1971 to 2012 was 3.9 percent. During the last five years, however, the energy
purchases actually decreased from a high of 136,228 MWh in 2008 to a present level of 130,437 MWh
in 2012 which represents a decrease of 4.2 percent. Now that the severe, nationwide recession seems
to be ending, it is thought that the load growth patterns will return to more typical levels of the past.

The energy requirements projection is based on assuming a linear increase of about 2,700 MWh per
year or about 2.1 percent per year. A graph of the historical and projected energy requirements for the
GSES is illustrated in Graph II of this report. A table of actual system energy purchased on a yearly
basis from 1971 to 2012 is shown on the following page.

ASSUMPTIONS, CRITERIA AND PROJECTIONS
Area Served
The Glenwood Springs Electric System serves the City of Glenwood Springs and the following
surrounding unincorporated areas: West Glenwood, Cardiff, Three-Mile, Four-Mile, and No Name. This
service territory is characterized by its geographical features, with the Colorado River and the Roaring
Fork River creating a T-shaped low valley floor elevation of 5,700 feet in the downtown area of the City.
Surrounding this low valley plateau area are mountain formations reaching elevations of 8,000 feet. The
service boundary for the City’s electrical system, established by the Colorado Pubic Utilities Commission
in 1996, includes a service area which is approximately two to three times larger than the existing
developed area of the City. Much of this undeveloped service territory, however, is comprised of steep,
sloping terrain and will not support high density development.

New residential and commercial

development will continue to expand along the perimeters of the existing developed area of the City with
much of this growth most likely to occur at the south end of the City. It is assumed that the existing
service boundaries of the GSES, as certified by the Colorado Public Utilities Commission, will not change
in the foreseeable future.
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GSES HISTORICAL DEMAND AND ENERGY PURCHASES
(Coincident Demand and Energy Purchases from 1971 to 2012)

Year
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

Demand Levels (kW)
Annual
Winter
Summer
5,000
5,500
6,200
6,100
6,500
6,800
7,500
7,900
8,700
8,900
9,100
10,500
11,000
11,500
11,500
12,500
12,200
12,800
13,500
14,000
14,000
14,000
14,500
15,073
15,605
17,157
16,651
17,722
17,745
17,944
18,451
18,372
19,553
19,711
22,139
22,246
22,550
23,131
22,949
22,690
22,456
22,195
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13,374
13,736
15,884
15,864
16,972
16,720
17,470
18,025
18,893
19,774
19,924
21,590
22,845
23,632
23,191
22,240
23,357
22,211
22,528

Total Annual
Energy
Purchases (kWh)
27,000,000
29,000,000
33,000,000
34,000,000
36,000,000
39,000,000
41,000,000
43,000,000
46,000,000
50,787,600
54,725,600
60,530,400
61,944,800
64,747,200
65,867,200
69,361,600
71,490,817
73,126,059
74,131,357
76,025,159
78,322,304
81,248,561
85,342,624
89,554,458
92,550,772
95,307,344
96,668,774
99,906,782
100,664,501
106,162,027
108,086,367
111,795,877
112,860,327
114,965,302
121,737,402
130,985,974
134,631,698
136,228,469
132,096,622
131,885,838
130,299,353
130,437,542

Population Projection
The GSES presently serves a population base of 13,600. The majority of this population, 9,600, resides
within the city limits of Glenwood Springs. The total number of electric meters presently being served by
the GSES is approximately 5,930 (excluding security lights). The historic annual population growth rate
for the City of Glenwood Springs has averaged approximately 2.0 percent. Assuming this growth rate will
continue leads to a total population projection (i.e., including areas served outside the City limits) of about
15,000 in five years (2017) and 23,200 in twenty years (2033).

Load Growth Projection
For the purposes of this study, the summer peak demand level is expected to increase by roughly 630 kW
per year and the winter demand is projected to increase by about 400 kW per year. This is equivalent to
an average percent increase of 2.8 percent for the summer peak and 1.9 percent for the winter peak over
the five year period of the Construction Work Plan. The 2012 summer system peak of 22.5 MW is,
therefore, projected to reach 25.7 MW in the year 2017. As mentioned earlier, this represents the most
likely load growth trend but could be higher with the potential for large scale residential growth in the
southern portion of the system.

A 2.8 percent average rate of increase in demand growth for the next five years was used for the purpose
of preparing this study for the following reasons:
1)

Prior to the recession beginning in 2008/2009, the historical load growth for the GSES increased
at a nearly linear rate with one exception. This exception involved the recent addition of the
large scale retail shopping center at Glenwood Meadows. The historical increase in energy
purchases has exhibited an even more linear pattern of increase than the demand graph prior to
the recession beginning in 2008/2009 (also with the exception of the 2006 anomaly caused by
the Glenwood Meadows commercial development). Barring any more unusually large individual
load additions to the system, it is anticipated that the summer peak demand and energy
purchases will continue to increase at the historic rate of increase. One notable exception would
be the proposed Glenwood Ridge development located to the south of Glenwood Springs. The
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present version of the development plans for this area call for the construction of 413 residential
units of various sizes, six apartment buildings, and parks and recreation areas.
2)

The location of the City of Glenwood Springs in the western Rockies, in close proximity to the ski
areas, will continue to attract tourists, travelers, regional support services, and new businesses.
Stability is encouraged by governmental activities and the fact that the City serves as the county
seat for Garfield County.

3)

The City of Glenwood Springs and the surrounding area have excellent parks, recreational
facilities, sports fields, golf courses, school systems, regional shopping stores, regional support
and service industries, motels and restaurants serving tourism, and government services to
attract and support additional growth. The recent construction of the large, modern Glenwood
Meadows retail area with national brand stores such as Lowes and Target also make the area
more attractive.

4)

The City of Glenwood Springs and the surrounding area is an attractive place to live and will
continue to attract more people to move to and build homes in this community.

Other factors which will have a moderating effect on electrical load growth are:
1)

Competition of alternative energy resources.

2)

Saturation of electric appliances.

3)

Emphasis on energy conservation and availability of more efficient appliances and light sources.

4)

Implementation of a load management program.

Based on the assumptions and criteria identified in this work plan, over a 20 year period from 2013 to the
year 2033, it is projected that system load growth for the Glenwood Springs Electric System will be as
follows:
•

Average Projected Annual System Demand Growth
Based on a projected demand increase of 630 kW per year, the annual summer system peaks
are projected to be as follows:
2017
2033

25.5 MW
35.5 MW
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•

Average Projected Annual System Purchased Energy Growth
It is projected that annual energy purchases will increase at an average rate of 2,700 MWh per
year for the next 20 years. Based on this growth rate projection, annual energy purchases are
estimated as follows:
2017
2033

143,900 MWh
187,100 MWh

Beginning on the following page are a number of graphs depicting both historic and projected data in
regards to the Glenwood Springs Electric System. The graphs include the following:
•

Graph I, Historic and Projected Demands

•

Graph II, Historic and Projected Energy Purchases

•

Graph III, Historic and Projected Number of Customers

•

Graph IV, Average Residential Monthly Usage

•

Graph V, Energy Sales and Purchases

•

Graph VI, Percent System Losses
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Graph III
Historic and Projected Customers
8,000
Projected Total Consumers

7,000
Historic Total Consumers
Projected Small Commercial

6,000

Number

5,000

Historic Small Commercial

Projected Residential

4,000
Historic Residential

3,000
2,000
1,000
0
2000

2010

2020

Year

2030

Graph IV
Average Residential Monthly Usage
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EXISTING SYSTEM ANALYSIS

GENERAL SYSTEM REVIEW
An analysis of the existing electrical system is necessary to provide a foundation of information upon which to
design the Construction Work Plan. Knowledge of the physical condition and electrical capacity limitations of
the existing facilities must be incorporated into the planning process to determine the necessary system
improvements and the priority for the improvements.

In order to evaluate the existing system, a new computer model of the system was recently completed. It was
based on the recently completed field inventory of the system and the resulting new GIS mapping system.
Due to the complex nature of the system, it was also important to get a considerable amount of input from the
GSES staff to ensure the model was accurate. The new model determines ampere, voltage, line losses, and
power factor levels at all points on the distribution system for both present and projected load levels. Copies
of the existing system computer models for each substation are included in Section 6 of this report. The node
numbers referenced in the model are shown graphically on the system diagram map in the pocket of the
report.

A review of the existing system indicates that voltage levels should be well within acceptable industry
standards during normal operating conditions. This is due to the combination of the 13.2/7.6 kV voltage level,
large number of distribution circuits, and short average length of the circuits. For the most part, the small load
additions projected to occur in the next several years will not present any operating problems with the City's
existing electrical system under normal operating conditions. The one exception would possibly be if the
Glenwood Ridge residential development comes to fruition to the south of town. The voltage levels would still
be in the acceptable range but the voltage drop and line losses on the circuit serving this area would be
considerable.

The electric distribution system is, however, placed under more stress under abnormal operating conditions
such as when one of the three substations is removed from service. The remaining in-service transformers
must have sufficient capacity to serve the entire peak load of the system. Due to the recent upgrade of the
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North Glenwood Substation, there is adequate transformation capacity at the remaining two substations to
serve the total peak load of the system.

Of greater concern is if the distribution circuits have the capacity to back feed adjacent substations under
outage conditions. Because of the close proximity of the substations and the fact that the City has constructed
generally large capacity tie lines between the substation, backfeeding adjacent circuits is generally not a
problem.

Of particular concern to the City is if it is electrically possible to backfeed the Mitchell Creek number four circuit
from the North Glenwood number two circuit. The concern rises from heavy loading on the Mitchell Creek
number four circuit which includes the Glenwood Meadows retail area and the smaller conductor size (4/0
Aluminum and ACSR) of the North Glenwood number two circuit. A computer model of the situation indicates
that the loading on the combined circuit would be about 210 amps during the existing peak loading conditions.
When the projected load growth in the Glenwood Meadows area is added, the load would increase to about
245 amps. The weakest link in the circuit would be the 4/0 Al aerial spun conductor that crosses over the river
with an ampacity of 273 amps. Both the overhead and underground 4/0 lines have ampacities in the 300 amp
range depending on various conditions. The Mitchell number 4 circuit can, therefore, be backfed from the
North Glenwood Substation even during peak load conditions. Since the ampacity of the aerial spun conductor
is being neared, however, there is not much room for additional load growth on the circuit. If the growth
continues, it would be necessary to perform switching when the loads were lower such as during the spring or
fall. Eventually, the capacity of the lines crossing the river will need to be increased to take full advantage of
the larger transformer size recently installed in the North Glenwood Substation.

SUBSTATION REVIEW
Three substations are currently utilized to serve the City. The names, voltage ratings, capacity, number of
distribution circuits, size of main feeder lines, and loading conditions of the three substations are listed in the
table shown on the next page. As indicated in this table, the transformer ratings, reclosers, and main feeder
lines for each of these three substations are suitably sized to serve existing loads and projected loads for the
next five years. It should be noted that the load projections contained in this table include the complete build
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out of the Glenwood Ridge residential development. This represents a worst case scenario since it is not a
certainty that this development will move forward and if it does, it is unlikely to be completely built out in the
five year period.

The one area of potential weakness within the substations is the circuit reclosers. These devices presently
consist of old style hydraulically controlled units with 280 amp trip coil elements. While they have worked well
for the City and are maintained on a regular basis, they are getting old. Also, they have few options regarding
their settings and operations. The electric utility industry has moved to electronically controlled reclosers in the
substations because they offer many helpful setting features.

Historic and Projected Substation Loading

Substation
Mitchell
N. Glenwood
Roaring Fork*
Total
0.5%
3.4%
98.6%

No.
of
Ckts
5
5
4

Historic Summer
Loads (kW)
2010
2011
2012
7,654
7,276
8,427
23,357

7,030
7,049
8,132
22,211

7,446
6,915
8,167
22,528

Projected 2017 Loads
Base
Load
Spot
Growth Loads
Total
226
210
248
684

1,835
2,563

9,507
7,125
10,978
27,610

Transformer
Size (MVA)
OA
FA
10
10
10

/
/
/

14
14
14

Percent of
Capacity
2017 Loads
Base Fans
95%
71%
110%
92%

68%
51%
78%
66%

Base load annual growth rate
Total annual growth rate included spot loads
Percent of FA transformer capacity if one sub is out
* Projection includes the complete build out of the Glenwood Ridge development (2 MW)

Mitchell Substation
The Mitchell Substation is equipped with five distribution circuits. Three of the circuits provide power to
the West Glenwood area including the Glenwood Mall as well as the commercial and residential areas
also on the north side of the Colorado River. Mitchell number four circuit is a 500 MCM Al underground
line which primarily serves the Glenwood Meadows commercial development which was recently
constructed and is now one of the most heavily loaded circuits on the GSES system. The last circuit,
Mitchell number five circuit consisting of 500 MCM Al assists in picking up load from the North
Glenwood and Roaring Fork Substations during an outage of either one of the other substations. It
normally carries little or no load.
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Mitchell circuits numbers four and five provide flexible measures for carrying a large amount of load in
the south Glenwood service area during contingency conditions while maintaining service to a
significant portion of the Mitchell Creek area during these contingency operating conditions. This is
extremely important to the City’s ability to provide reliable service to the area especially in light of the
large residential growth that has and will continue to occur in the southern portion of the system.

The high side of the Mitchell Substation was recently rebuilt to allow the substation to be operated at
115 kV. This is necessary because the existing 69 kV transmission system will eventually be rebuilt
and operated at 115 kV. In addition to rebuilding the high side of the substation, the transformer was
replaced with a dual voltage (69 kV and 115 kV) unit to allow the substation to continue to operate at 69
kV and also be capable of operating at 115 kV when the transmission line is rebuilt. When the
transformer was replaced, the transformation capacity was also increased from 5/6.25 MVA to
10/12.5/14 MVA. This was necessary to not only serve the increasing load levels in the western portion
of the City but also to provide additional transformation capacity in the event that one of the other two
substations was out of service.

North Glenwood Substation
The North Glenwood Substation presently serves the downtown area, No Name, and the commercial
and residential areas in North Glenwood Springs with five distribution circuits. The north circuit serves
the north Glenwood Springs area (including the hot springs area) and the No Name area. Circuit
numbers two through five cross the Colorado River and serve the downtown area.

As indicated in the historic and projected loading table, this substation has adequate transformer
capacity to serve existing loads and projected loads over the next five years under normal operating
conditions. Furthermore, due to the recent upgrade, the substation now has the capacity to serve
roughly half of the City under emergency operating conditions. When combined with the other
remaining substation, the City’s total peak load can be served under contingency cases.
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Since the substation was recently rebuilt, nearly all of the equipment and structures are new and will
require no changes during the work plan period. The only exception is that the hydraulic reclosers that
were in the old substation were reused when the substation was rebuilt. As part of the City’s plan to
upgrade the substation reclosers, these units will be replaced with new electronically controlled units.

Roaring Fork Substation
The Roaring Fork Substation is equipped with four distribution circuits. Circuit number one serves a
small amount of load in Hyland Park but is used primarily as a backup to the North Glenwood service
area. Circuit number two, "Downtown Back to North Circuit", serves the hospital and commercial
buildings along 19th Street and the residential and commercial mix to the north of 19th Street. This
circuit is also used as a back-up contingency feeder line to the downtown area of the City. Circuit
number three, "South Express and Tie Line Circuit", serves the residential and commercial areas along
South Grand Avenue and the rural areas of Three-Mile and Four-Mile. Circuit number four, "South to
Glenwood Park", serves the residential and commercial areas to the east of State Highway 82 and the
Glenwood Park development.

The Roaring Fork Substation was rebuilt and converted for dual voltage operation in January 1999.
This substation is now equipped with a new 10/12.5/14 MVA power transformer suitable for high-side
operation at 69 kV or 115 kV. Existing loads on this new substation are now well under the transformer
rating both for normal operating and contingency conditions. The substation site is very tight as it is
located next to a steep hill. The small site complicates any possible future changes to the substation.

DISTRIBUTION FACILITIES REVIEW ANALYSIS
The existing electrical distribution system is in very good condition. The City has wisely made regular and
appropriate improvements to its electrical distribution facilities for many years. In general, the large conductor
size, good physical condition, short average circuit length, 13.2/7.6 kV operating voltage and large number of
distribution circuits combine to allow the existing 13.2 kV distribution system to provide adequate voltage
levels and reliable service throughout the entire City of Glenwood Springs. Furthermore, due to the large
conductor sizes and presence of several distribution tie lines linking the City’s three substations, the existing
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distribution circuits are capable of transferring load around the city during substation outage conditions. The
condition of the existing distribution lines for each substation service area is summarized below:

Mitchell Substation Service Area Distribution Lines
The distribution lines served from the Mitchell Substation are in very good condition in terms of their
thermal ampacity ratings to carry existing and future projected loads under normal and contingency
operating conditions. The underground distribution lines served from the Mitchell Substation are
comprised of new underground cable systems and are in excellent condition. The physical condition of
portions of the overhead lines in the Mitchell Substation service area, however, is fair to poor. Many of
the poles supporting the overhead lines in the west Glenwood service area were installed in the 1940's.
Several sections of old lines in this service area have recently been replaced but there still remain
many old poles which are in need of replacement. In addition, some of the existing overhead line is
routed along the back lot lines of residential areas which makes getting access to the lines difficult.
Lastly, portions of the old secondary network in the western portion of the Glenwood Springs area are
bare conductors which still need to be replaced.

Mitchell circuit numbers two through five will be used as critical feeder lines under contingency
conditions. Over the past few years, the load level on circuit number four has dramatically increased as
with the addition of the large commercial development at Glenwood Meadows. Fortunately, this
development is located near the substation so the voltage drop and thermal line losses involved with
serving this large development are low. Over the past five years, several overhead line sections have
been converted to underground facilities. For example, the overhead lines along Mitchell Creek Road
and Devereux Road have been converted. A summary of recommended line improvements for these
distribution facilities is described in Section 5 of this study.

North Substation Service Area Distribution Lines
The distribution lines served from the North Glenwood Substation are in very good condition. The main
feeder lines served from the North Glenwood Service area are in excellent condition. The four main
feeder lines serving the Downtown area of the City were replaced with new 4/0 aluminum aerial cables
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in 1996. The remaining downtown distribution lines are in excellent condition. These downtown lines
were rebuilt with 4/0 Al power cables in the summer of 1983. Some overhead facilities remain in the
downtown area and will eventually be converted to underground over the next several years. A
summary of recommended line improvements for these distribution facilities is described in Section 5 of
this study.

Roaring Fork Substation Service Area Distribution Lines
Most of the distribution lines served from the Roaring Fork Substation are in good condition. Multiple
sections of old overhead line sections have been replaced with new underground lines to eliminate
conflicts with the rapid growth of new commercial buildings in this area. The underground lines in the
Sunlight 1 subdivision are quite aged and will need to be replaced to maintain reliable service.

Despite significant load growth in a number of residential subdivisions in the southern portion of the
service area, the voltage levels at the extremity of these long south circuits are presently good but
should be monitored. The increasing load levels at the extremity of these longer circuits could induce
marginal voltage conditions especially on the circuit serving the Four Mile Road area during the
summer peak loading conditions. A summary of the recommended line improvements for these
distribution facilities is presented in Section 5 of this study.
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LONG RANGE SYSTEM ANALYSIS

PURPOSE OF LONG RANGE ANALYSIS
The purpose of this long range overview is to examine the performance of the existing electrical system and its
basic configuration under future load projections. An average linear growth rate of approximately 630 kW per
year was added to the existing electrical system for the next 20 years, starting with a summer system peak of
22.5 MW in 2012, to test the performance of the existing equipment and distribution lines. This load growth
resulted in approximate projected (summer) peaks of 25.5 MW, or 26.8 MVA, being imposed on the system in
five years and 35.5 MW, or 37.4 MVA, being imposed on the system in 20 years. Due to the fact that the
service area of the North Substation tends to be rather saturated with development, a lower growth rate was
applied to this area compared to the Mitchell and Roaring Fork Substations. The southern portion of the
Roaring Fork service area in particular could see significant load growth if the large residential development,
Glenwood Ridge, or a similar development of the same area, fails to come to fruition. It is, however, possible
that the North Glenwood Substation could see some load growth as there are tentative plans to redevelop
portions of the downtown area with higher density developments including taller buildings.

This brief long range overview provides us with a general check of the existing system in terms of identifying
any fundamental weakness with the system. This brief long range analysis permits the design of the
Construction Work Plan to proceed with the system long range needs and its deficiencies in mind.
Coordination of the Construction Work Plan recommendations with the long range system analysis and system
needs assures that the recommended improvements of the work plan conforms to the long term solutions for
system expansion. This planning process is an attempt to ensure that plant capital is invested wisely.

LONG RANGE LOAD PROJECTIONS
The following table presents the long range load projections for each substation during the summer. These
projections are based on the five year work plan projections and then grown to match the total system peak
demand level determined early in the study. This long range load level of about 35.5 MW is based on the
growth trends which occurred prior to the recession period beginning in about 2009. The projections are
thought to represent a middle of the road growth rate. It is possible that the level could be higher especially if
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large scale residential development takes place in the southern portion of the system; there is further
significant expansion of the retail loads on the west side of town; or a redevelopment of the downtown area
occurs. As can be seen in the table, the growth rates of the Mitchell and Roaring Forks Substations are
projected to be higher than that of the North Glenwood service area.

Long Range Projections

Substation

2017
Projected
Load

Mitchell Creek
N. Glenwood
Roaring Fork
Total

9,500
7,100
11,000

Long Range
General
Total
Growth
Load
3,200
1,600
3,200
8,000

12,700
8,700
14,200
35,600

Transformer
Size (MVA)
OA
FA

Percent of
Capacity
Base
Fans

10
10
10

127%
87%
142%

/
/
/

14
14
14

91%
62%
101%

GENERAL SYSTEM REVIEW
Under normal operating conditions, the existing distribution lines will be able to adequately support the
projected long range loads with one notable exception that will be discussed later. In general, the main feeder
lines are sized properly to carry the future loads while maintaining voltage drops within acceptable industry
standards and keeping system losses low.

The substations are in excellent condition so no major

improvements are anticipated on account of the age of the facilities. Furthermore, they have adequate
transformation capacity assuming that some of the Roaring Fork service area is transferred to the North
Glenwood Substation. In conclusion, the forward thinking of the City’s staff has resulted in a strong system
that offers a high degree of flexibility and ability to accommodate future load growth with few additional
improvements under normal operating conditions.

The system, however, will be put under a greater degree of stress if it is necessary to remove a substation for
maintenance activities or there is an outage of some sort. In anticipation of this need, the City has constructed
multiple tie lines between the substations that have a large amount of capacity to handle large load transfers
between the substations. With the exception of some of the North Glenwood circuits, the tie lines consist of
500 MCM or 394.5 AAAC conductor. Furthermore, with the recent upgrade of the North Glenwood Substation

IV-2

to include a larger transformer, there is adequate transformer capacity to serve the entire City during the
present peak load conditions, even with one substation out of service. As the load levels continue to increase
over the next twenty years, the capacity of some of the distribution tie lines will need to be increased and
additional transformation capacity will be needed. For example, during a substation outage, the remaining
substations will have a combined capacity of 28 MVA but there would be 35.5 MW of load during the long
range peak.

The existing main distribution lines are presently arranged to be served from a three-substation configuration.
If a new substation is added to the system, it can be easily integrated with the existing distribution system due
to the fact that the City is covered by an excellent back bone system of main distribution feeders. Hence, very
little change needs to be made to the existing main feeder lines over the next 20 years to serve projected
loads under normal operating conditions with the exception of the southern portion of the service area and the
continued process of replacing some overhead lines with underground facilities. Some improvements may,
however, be necessary in order to insure that loads could be efficiently transferred around the City during
substation outage conditions.

CAPACITY LIMITATION OF THE ROARING FORK SERVICE AREA
While the rest of the distribution circuits will have adequate capacity under normal operating conditions, the
one exception is the southern extremity of the Roaring Fork service area which is presently served by circuit
number three. Due to the large amount of potential residential load growth in the area (especially the
proposed Glenwood Ridge subdivision with a projected load of 2.0 MW) coupled with the long length of the
circuit, the existing facilities would be strained to serve this load. Although acceptable voltages could be
maintained, the thermal line losses and voltage drop on the circuit would be quite high. As discussed in other
portions of the report, it is planned to extend another circuit into the area from the Roaring Fork Substation in
order to provide additional capacity. If the loads were to grow more than projected, it may be necessary to
extend yet another circuit into the area. This would, however, be difficult for a number of reasons. The first is
that the area south of the Roaring Fork Substation is already quite congested and finding a route for a new
circuit would be quite challenging. Furthermore, due to the confined nature of the Roaring Fork Substation, it
would be quite difficult, if not impossible, to install a fifth distribution circuit bay. An alternative would be to
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transfer a portion of the Roaring Fork service territory to the Mitchell Creek Substation by using circuit number
five from Mitchell Creek. At the present time, it carries no load and is used only as a tie line between the
substations during outage conditions. If the loads grow to the point where it is not possible to adequately
serve the area from the existing substations, it would be necessary to consider tapping the 230 kV
transmission line that crosses the southern portion of the service area and adding a new substation. Because
of the high voltage level of the transmission line and the fact that additional breakers would likely be required
to sectionalize the tap, this option would be very expensive.

NORTH GLENWOOD CIRCUITS
The capacity of the four North Glenwood circuits which cross the river is somewhat limited by the existing
conductor. This conductor is quite unusual in that each circuit consists of three single-phase 4/0 copper
underground conductors which are spun together and mounted overhead. The very strong advantage of this
arrangement is that due to the compact nature of the conductor and the fact that it’s insulated, all four circuits
are mounted on the same single pole structures. This is especially necessary due to the congested nature of
the area with the river, the interstate and the commercial buildings all in extremely close proximity. The
ampacity of this conductor is approximately 275 amps which is more than sufficient to serve the existing loads
on these circuits under normal operating conditions. Moving forward, however, it will be necessary to move
more load on to the North Glenwood Substation to take advantage of its spare capacity to help reduce the
much heavier loading on the Roaring Fork Substation to the south. In addition, the North Glenwood
Substation provides back up to the heavily loaded Mitchell Creek number four circuit using one of these
circuits. Under peak load conditions, the ampacity of the spun 4/0 conductor could prove to limit the capacity
of the tie line. Upgrading the capacity of these circuits is difficult because of the congested nature of the area.
It may, however, be possible to piggy back on to potential bridge improvements in the area. The possibility of
replacing the existing highway bridge is being considered along with the possible construction of a pedestrian
bridge. If either of these projects go forward, it would likely be possible to install two 500 MCM circuits in
conduit on the bridge to be used as main feeders. The aerial spun conductors could then be paired and
connected in parallel resulting in two circuits with twice the current capacity.

SUBSTATION TRANSFORMER CAPACITY
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Projected load growth for the City's electrical system by the year 2023 is estimated to be approximately 35.5
MW, or 37.4 MVA, during the summer peak load conditions. With the recent upgrade of the North Glenwood
Substation, all three substations now have 10/12.5/14 MVA transformers. The loss of any single transformer
will, therefore, leave two 10/12.5/14 MVA transformers in service, or a combined capacity of 28 MVA. This is
well below the 37.4 MVA of transformation capacity that would be required under peak load conditions.
Alternate means of providing additional transformation capacity for the long range system must be considered.

One means of providing additional capacity would be to replace one or more of the existing transformers with
larger capacity units. This approach has two significant drawbacks. The first is that the existing transformers
are new devices. Even by the end of the long range period, these devices would only be twenty-five to thirty
years old. Replacing the transformers mid-way through their life cycle would prove to be an expensive option
relative to the increased transformation capacity. Secondly, the existing 10/12.5/14 MVA units require only
fuses for high side protection. When larger capacity transformers are used, they require a high side circuit
switcher which is much more costly and complicated and requires more physical space in the substation. For
these reasons, replacing the existing transformers with larger devices is not an attractive solution to providing
additional transformation capacity unless the existing 10/12.5/14 MVA transformer could be used elsewhere
on the system.

Two other methods of providing additional capacity should be considered, both of which involve adding a new
10/12.5/14 MVA transformer (the City’s standard size transformer) to the system. The first approach would be
to add the transformer to an existing substation which is sometimes referred to as duplexing. The primary
advantage is that a new substation site does not need to be obtained. In addition, portions of the substation
can be shared between the two transformers which makes it a lower cost option compared to building a
completely new substation. A disadvantage to this approach is that if there were a large scale incident which
would impact an entire substation, then both transformers would be out of service. These types of outage
conditions, however, are very rare. Normally, outages are limited to single pieces of equipment in which case
at least one transformer in the substation would still be in service.
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The single largest difficulty facing the approach of adding a second transformer at an existing substation is the
size of the existing substation sites. Due to the urban and also mountainous nature of the City of Glenwood
Springs service area, real estate is at a premium. Consequently, the existing substation sites are small and
are also boxed in by other developed properties or steep hillsides. Neither the Mitchell nor Roaring Fork
Substations have spare space within the existing substation site or the possibility to economically obtain
additional land. Consequently, duplexing either of these sites is not an economically viable option. While
there was some additional space at the North Glenwood Substation, it turned out to not be possible to design
the substation to accommodate a second transformer in the future due to the odd shape of the substation site.
Of the three substations, Mitchell is the only one where duplexing the substation could even be a remote
possibility.

The second way in which another transformer could be added to the system would be to construct a
completely new substation at a new site. Given the difficulty that would be associated with obtaining a right-ofway for a new transmission line through the City, the new substation would almost certainly need to be located
adjacent to the existing transmission line which would restrict the number of potential substation sites. In
addition, it would be preferable to locate the new substation near main distribution feeder lines in an effort to
minimize the amount of distribution lines that would need to be built to integrate the new substation to the
distribution system. The addition of a new substation would not only address the substation transformation
capacity issues but would also have the added advantage of adding more distribution circuits to the system.
The new circuits would increase the operating flexibility of the distribution system and also lower the average
amount of load served per circuit.

Due to projected residential load growth in the southern portion of the City, locating a new substation in this
area would help maintain the voltage since the circuits currently in the area are the longest on the City’s
distribution system and may eventually experience low voltage due to the combination of heavy loading and
length. Locating a new substation on the southern side of the system, however, would make it more difficult to
serve load in the northern or western portion of the City during outage contingency cases. Furthermore, the
transmission line that crosses through this area is rated at 230 kV. The higher voltage of this line would
significantly increase the cost of the substation as compared to a 115 kV substation.
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Another factor that may complicate locating a new substation would be if the wholesale power supplier
requires breakers on the high side of the substation in order to sectionalize the transmission line. The
breakers may be required at some locations but not others. Having to include high side breakers would
significantly increase the cost of the substation especially if the 230 kV line south of town were to be tapped for
a new substation. In general, adding a completely new delivery point along with a number of new distribution
circuits significantly strengthens the system but it is an expensive option that may be difficult to implement
considering the difficulties associated with obtaining a new substation site.

Along these lines, a number of alternatives are available to the City to provide the additional capacity in the
future. The first option is that the City has constructed a new water treatment facility on the western edge of
the City, and within that facility the City sets aside a site for a new substation. This option is especially
attractive since the land is already owned by the City and, more importantly, because the site is adjacent to the
existing 69 kV line serving the Mitchell and North Glenwood Substations. No transmission line would need to
be constructed. The disadvantage of this site is that it is located on the very western extremity of the City’s
service area and is located well away from the major load centers of the City. It would, however, be possible
to use this new substation to serve a significant portion of the Mitchell service area which would, in turn, free
up the Mitchell Substation to relieve the Roaring Fork service area. Making full use of the new transformer
capacity would be difficult, however, due to the substation’s location. In order to facilitate the possible
integration of this substation site with the rest of the system, three large conduits were installed from the water
treatment facility back towards the Mitchell Substation when the electric distribution facilities to serve the water
treatment plant were installed. At the present time, it is thought that the new substation would serve two
distribution circuits with the possibility of a third.

The next option would be to tap the 230 kV line in the southern portion of town with a 10/14 MVA transformer.
The primary advantage of this plan is that it would locate the capacity right where it is most needed. It would
also significantly shorten the average length of the two longest circuits operated by the City which would
improve voltage and reduce line losses. In addition, service reliability would be increased by having shorter
circuits and a new substation source served by a completely different transmission source than the other
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substations. The major disadvantage of this approach is that the cost of a 230 to 13.2/7.6 kV 10/14 MVA
substation would be significantly higher than a comparable 115 kV substation. It is also more likely at the
higher transmission voltage that multiple 230 kV breakers would be required to be able to isolate the
substation. Another cost associated with using this site would be the need to install one or two distribution
circuits in addition to the one presently serving the area to integrate the new substation with the rest of the
service area.

A third option to consider would be to combine elements of some of the possible approaches. Some of the
additional transformation capacity needed in the southern portion of the system could be provided by replacing
the 10/14 MVA transformer in the Roaring Fork Substation with a 12/16/20 MVA unit. When the total system
loads eventually grew to exceed the capacity of the two smaller transformers (i.e., 28 MVA), the 10/14 MVA
transformer originally located at the Roaring Fork Substation could be installed at the wastewater treatment
plant site. Excluding the capacity of the larger 12/16/20 MVA transformer represents the worst case scenario
of losing the larger unit and having to pick up the City with the two smaller units. This plan has the benefit of
increasing the capacity to some degree in the Roaring Fork area but also taking advantage of the low cost
substation site at the wastewater treatment plant. It also delays the need for the new substation by a number
of years with the added capacity at Roaring Fork. The disadvantage is that upgrading to a 12/16/20 MVA
transformer would almost certainly require that a circuit switcher be installed to protect the transformer rather
than continuing to use fuses which are inexpensive and compact. Given the extremely tight substation site
and the fact that it cannot be expanded due to the adjacent hillside, it may not be possible to squeeze in the
circuit switcher. This would have to be carefully reviewed. Perhaps some other type of highside protection
which would require less space could be employed, such as enclosed switchgear.

Yet another option concerns the Mitchell Substation. Of the three existing substations, this substation seems
to have the best chance to be expanded to accommodate a second 10/14 MVA transformer. It may be
possible to extend the substation to the east since this area is undeveloped. The general area has significant
potential for commercial development, however, so the landowner may not be willing to sell or it may be
prohibitively expensive. The advantage, though, is that a second transformer at this site would be located
closer to the load center than the wastewater treatment plant site and it would be somewhat easier to integrate
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the transformer with the existing distribution circuits. Ultimately, the difficulty associated with obtaining
additional land and/or fitting another transformer into the confined site would likely mean that this is not a
viable alternative but should be considered.

Based on the load projections for the City, the load levels will reach 28.0 MVA in about seven years (i.e.,
2019). When the load surpasses this level, then the City’s substations would no longer have sufficient
transformation capacity to serve the entire City during a substation outage condition under peak load
conditions. It should be considered, however, that since substation maintenance activities are typically
scheduled in the shoulder months when the loads are lower, the City will have adequate capacity under these
conditions for several more years beyond the 2019 timeframe if it is willing to risk not having adequate
capacity during the rare event of an unexpected substation outage under peak load conditions. These factors
mean that the City has a number of years before a new substation is needed; and since the City has a
potential substation site in hand, no immediate action needs to be taken. Some time can be allowed to pass to
see what developments take place that would ultimately drive the decision regarding the best means of
providing additional transformation capacity. If the opportunity presents itself to obtain additional land at the
Mitchell Substation or substation site along the 230 kV line, however, these actions should be strongly
considered in order to facilitate possible solutions in the future.

LONG RANGE PLANS ON TRANSMISSION SUPPLY
Xcel Energy owns and operates the 69 kV transmission lines which are used to deliver electrical power to the
three City-owned substations. This existing Xcel Energy 69 kV transmission line is a double-ended circuit with
termination points at Rifle and Shoshone. The length of this 69 kV transmission line is approximately 35 miles.
Xcel Energy has had plans to convert the line from 69 kV to 115 kV for many years and the timeframe for this
conversion has been deferred repeatedly.

Since Xcel has recently upgraded other portions of their

transmission system to address their weakness in the area, it is likely that the upgrade of the facilities serving
Glenwood Springs may be deferred indefinitely. Glenwood Springs, however, has converted all three of its
substations to be ready to accept service at 115 kV when the change is eventually made.
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FIVE YEAR CONSTRUCTION WORK PLAN

GENERAL IMPROVEMENT RECOMMENDATIONS
As reviewed in the Existing System Analysis section of this study, the existing distribution facilities are in very
good condition. Under normal operating conditions, the existing distribution circuits are all operating well
below their economic and thermal ampacity ratings.

Furthermore, the system functions well if a single substation is out of service. There is sufficient transformer
capacity between the two remaining substations to serve the load even during peak load conditions. In
addition, the distribution system has the capacity to transfer the loads to adjacent circuits. As noted earlier in
the report, however, backfeeding the Mitchell number 4 circuit from the North Glenwood number 2 circuit will
begin to push the North Glenwood number 2 circuit to near its thermal capacity as loads continue to increase
the Glenwood Meadows area. Eventually, an upgrade to the main feeder portions of the North Glenwood
circuits will be necessary.

The only system limitation foreseen in the next five years concerns the southern portion of the system. If the
Glenwood Ridge residential development or a similar development in the same area comes to fruition, it will be
necessary to get more distribution circuit capacity into the area. Otherwise, voltage drop and thermal line
losses will be high on the existing distribution facilities. In addition, there will be a very large number of
customers on existing distribution circuit feeding the area. Any outages, even momentary ones, will impact a
very large number of customers.

At the present time, the City uses hydraulically controlled reclosers with 280 amp trip coils in the substations to
protect each circuit as it leaves the substation. These devices offer an extremely limited range of settings
options.

In addition, they are not “smart” in that they cannot measure current levels or record outage

information. In order to offer more operational features, the reclosers are to be gradually replaced with new
electronically controlled reclosers over the next five years. Some of the features that will be of benefit to the
City include the ability to easily change the trip settings of the devices, the ability to have alternate settings
groups (such as a hot line tag settings group to quickly open for faults occurring during construction or
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maintenance activities on the line), recording of information during fault conditions to help with analyzing what
caused the problem and the ability to tie the devices into the SCADA system and monitor the functions as well
as the status of the reclosers.

In addition to the projects which have been identified on a site specific basis within each service area, it will be
necessary to make numerous small scale general system improvements spread throughout the system for the
next five years. These miscellaneous improvements include items such as extending service to new
consumers including line construction and the purchase of both transformers and meters. It will also be
necessary to replace some distribution facilities that have reached the end of their lifecycle, such as poles or
transformers, as well as replacing equipment, such as meters, that fail for whatever reason. Other changes
would include the need to purchase padmount transformers to replace overhead units in areas where the
overhead lines are being converted to underground. The cost of these general system improvements has
been estimated to be $60,000 per year per substation service area.

Lastly, the City has made significant progress in its process of replacing overhead distribution lines with
underground facilities. The City has expressed its desire to continue this process during the work plan period.
Consequently, a number of these types of projects are proposed especially in the Mitchell Creek service area.

Mitchell Service Area Improvements
The majority of the projects in the Mitchell service area involve replacing overhead lines with underground
facilities. When this change is made, the capacity of the line sections will also be increased by using larger
conductor sizes. In addition to replacing old line sections with new facilities, these improvements also improve
the aesthetics of the area and reduce the susceptibility of the facilities to damage from inclement weather or
vehicles striking poles.

The first underground conversion project, Project W2, will involve the installation of about 1,500 feet of threephase 1/0 Aluminum underground line along Mel Ray Road beginning at Donegan Road (County Road 130)
and proceeding north to the intersection of Mel Ray Road and Ponderosa Drive. This will allow the existing
overhead single-phase line which crosses through the residential area to be retired. It will also allow the three
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main single-phase lines in the development to be split on to different phases which will help with load
balancing. This project was included in the previous work plan but has not been completed and needs to be
carried over.
•

Mel Ray Road – Install 1,500 feet of three-phase 1/0 Al underground along Mel Ray Road – Project
W2.

The next two projects consist of converting two sections of the main feeder portion of circuit #1 from overhead
to underground. Much of the overhead line along Donegan Road (County Road 130) has already been
converted to underground service. Project W3 will complete the west end of the facilities on this road by
converting the three-phase 4/0 Hendrix overhead line beginning to the west of the intersection of Donegan
Road and Creekside Court and proceeding roughly 2,300 feet to the east to switchgear 2901 near the
intersection of Donegan and Mel Ray Roads. The main line will be three-phase 500 MCM underground with
three-phase 4/0 Al underground for distribution. The underground conversion of the main feeder portion of
circuit #1 will be addressing the north/south section of three-phase 4/0 Hendrix overhead line located just to
the west of Center Drive (Storm King Trailer Park). The overhead line is to be retired because of its poor
physical condition and the fact that it is located along the back lot line of these homes which makes gaining
access to the line difficult. The new line section (Project W6) will consist of three-phase 500 MCM main line
with 4/0 Al line for distribution. The line will follow Center Drive and then use an existing conduit located along
the east side of Gregory Park to reach Donegan Road. The length of this project is approximately 1,200 feet.
Both projects are carry overs from the previous work plan.

Circuit Number 1 Overhead to Underground Conversions
•

Donegan Road Rebuild – West End – Replace 2,300 feet of three-phase 4/0 Hendrix overhead with
three-phase 500 MCM underground with 4/0 Al for distribution along Donegan Road from the
intersection of Donegan Road and Creekside Court to switchgear 2901 – Project W3.

•

Storm King Trailer Park – Retire the existing three-phase 4/0 Hendrix overhead line and install 1,200
feet of three-phase 500 MCM underground with 4/0 Al for distribution beginning near switchgear 3288
and proceeding north to near the intersection of Donegan Road and Creekside Court – Project W6.
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The conversion of the main feeder section of circuit #3 will be completed by replacing the three-phase 394.5
AAAC overhead line located along Highway 6 between switchgear 3286 and 2766. The new line will consist of
three-phase 500 MCM underground with three-phase 4/0 Al for distribution. This project, Project W11, is
approximately 2,400 feet long.
•

Circuit 3 East End Rebuild – Replace 2,400 feet of three-phase 394.5 AAAC overhead with threephase 500 MCM underground with 4/0 Al for distribution along Highway 6 – Project W11.

Due to recent improvements at the adventure park on top of the mountain north of central Glenwood Springs,
the existing tie line between the three-phase underground feed for the adventure park and the existing singlephase line serving loads adjacent to the adventure park was removed. To increase the service reliability in the
area, it is planned to install a short section (400 feet) of single-phase underground 1/0 Al to replace the tie
between these feeds.
•

Adventure Park Tie Line – Install 400 feet of single-phase 1/0 Al between the adventure park and
adjacent single-phase overhead line – Project W12.

Next, two projects are included to take place in the substation. The first project (W13) involves replacing the
five hydraulic reclosers with new electronically controlled reclosers for the reasons outlined earlier in this
section. The other project, Project W14, is needed because the insulators on the lowside equipment in the
substation are old and need to be replaced before they cause any failures in the substation.
•

Mitchell Recloser Replacement – Replace five hydraulic reclosers in the substation with new
electronically controlled units – Project W13.

•

Mitchell Substation Insulator Replacement – Replace the 13.2/7.6 kV insulators in the substation –
Project W14.

North Glenwood Service Area Improvements
As mentioned earlier in this report, the North Glenwood Substation has recently been completely rebuilt
including how the circuits are routed immediately out of the substation.

V-4

A few distribution system

improvements are, however, anticipated in the area during the next five years. Both of these site specific
projects are carry overs from the previous work plan.

The first project, Project N2, is located in the 700 block of the alley between Blake and Bennett Avenues. The
existing three-phase 4/0 ACSR overhead line is to be replaced with three-phase 4/0 Al underground for the
main feed and three-phase 1/0 Al underground for the distribution. This alley is quite congested and will be
noticeably improved by removing the overhead facilities. In addition, the proposed project will improve the
operational flexibility and coordination of the protective devices by redesigning the feed through the alley and,
more importantly, how it connects with the recently installed downline underground line. The project is about
600 feet long and was originally included in the previous work plan. This project is part of the City’s ongoing
process of converting old overhead lines to underground.
•

700 Block Blake/Bennett Alley – Replace 600 feet of three-phase 4/0 ACSR overhead with threephase 4/0 Al underground for the main line and three-phase 1/0 Al for local distribution – Project N2.

The installation of a new three-phase 4/0 Al underground tie line along 8th Street is the next improvement
(Project N3). When the new city and county buildings were constructed in the area, it was necessary to
remove a distribution tie line between the North Glenwood #2 and Mitchell #4 circuits. It is proposed to
reestablish the tie by installing about 700 feet of three-phase 4/0 Al underground line between switchgear
2337 and 2336. The tie line is especially valuable because it provides an alternate feed to the water treatment
plant in the area.
•

8th Street Tie Line – Install 700 feet of three-phase 4/0 Al underground between switchgear 2337 and
2336 – Project N3.

Lastly, the five hydraulic reclosers located in the substation are to be replaced with new electronically
controlled reclosers to improve the functionality of the reclosers and better integrate them with the SCADA
system.
•

North Glenwood Recloser Replacement – Replace five hydraulic reclosers in the substation with new
electronically controlled units – Project N8.
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Roaring Fork Service Area Improvements
The improvements scheduled to take place in the Roaring Fork service area are related to either the City’s
ongoing process of converting overhead lines to underground, replacing deteriorated underground line, and
with establishing a new distribution circuit to provide added capacity to support potential large scale residential
load growth in the southern portion of the service area.

If the Glenwood Ridge development moves forward, it could add up to 2.0 MW of load to the remote southern
portion of the service area which is located about 4.0 miles from the substation. Since the two circuits that
currently serve the area to the south of the substation (circuits 3 and 4) are already heavily loaded, it will be
necessary to get additional circuit capacity into the area. This is not an easy task because of the congested
nature of the area south of the substation.

In order to extend a new circuit into the area, it is recommended that the existing three-phase 4/0 ACSR
overhead line which proceeds south from the substation to the intersection of Palmer Avenue and 23rd Street
be rebuilt using three-phase 394.5 AAAC overhead double circuit, Project S13. This will not only provide the
first section of the new circuit but also increase the capacity of the existing Roaring Fork #4 circuit. The project
is about 1,700 feet in length. The next improvement, Project S4, concerns the existing three-phase
underground line proceeding to the south from the intersection of Palmer Avenue and 23rd Street to switchgear
2515 at the intersection of Palmer and Blake Avenues. Most of this line is old underground conductor that was
slated to be replaced with new 4/0 Al underground conductor in the previous work plan. Rather than using the
originally proposed 4/0 Al conductor size, however, it is recommended to increase the conductor size to 500
MCM for the main line and install 4/0 Al for the distribution along the line to accommodate this line section
becoming a portion of the new main feeder line section. The line section is approximately 2,100 feet in length.
This circuit will then be opened on the north side of switchgear 2515 and serve all of the remaining portion of
the Roaring Fork #4 circuit to the south including the commercial area along Blake with Walmart and the
residential load at the end of the circuit.

The new circuit will make use of the other 394.5 AAAC circuit on the double circuit line from the substation to
the intersection of Palmer Avenue and 23rd Street. From that location, it will use existing 500 MCM
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underground line. The circuit will proceed to the east to switchgear 2516, south to 2753, west to 2785, south
and then west to 2333 and head south from that location. In addition, the new circuit will make use of the
recloser currently serving the Roaring Fork #1 circuit because this circuit is essentially unused and serves only
as a backup tie line to the North Glenwood service area. Wherever possible, the small taps from the proposed
new circuit should be transferred to adjacent circuits so that the new line is as much of an express feeder as
possible. These taps would include the line north of switchgear 2516 and the three-phase 1/0 Al line
paralleling the railroad tracks south of 23rd Avenue.

New Circuit Projects:
•

Roaring Fork South Circuit Rebuild – Rebuild 1,700 feet of three-phase 4/0 ACSR using three-phase
394.5 AAAC double circuit beginning at the substation and proceeding south to the intersection of
Palmer Avenue and 23rd Street – Project S13.

•

Palmer Avenue Rebuild – Replace 2,100 feet of existing underground with three-phase 500 MCM for
the main line and three-phase 4/0 Al for the distribution along Palmer Avenue from 23rd Street to
Blake Avenue – Project S4.

There are two sections of overhead line that are to be replaced with underground facilities. The first project,
Project S7, is located along the back lot line to the east side of Sopris Avenue. This 1,600 foot long section of
three-phase 1/0 ACSR between 29th and 32nd Streets is to be replaced with three-phase 4/0 Al underground
main line with 1/0 Al underground for the distribution in the area. The project was originally included in the
previous work plan. The other project is a continuation of the City’s work to convert the overhead facilities
which follow Midland Avenue to underground service. The last remaining section of overhead is located just
north of the intersection with Old Cardiff Bridge Road. This section of three-phase 1/0 ACSR will be replaced
with three-phase 4/0 Al underground for the main line with 1/0 Al underground for the distribution in the area.
At the north end of the line section, the line will jog to the east for a short distance to tie into the recently
installed 4/0 Al located along Hager Lane. This project, Project S12, is 1,000 feet in length.
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Overhead to Underground Conversion Projects:
•

East Side of Sopris Avenue – Replace 1,600 feet of three-phase 1/0 ACSR overhead with threephase 4/0 Al underground main line with 1/0 Al for distribution located to the east of Sopris Avenue
between 29th and 32nd Streets – Project S7.

•

Midland Avenue Underground - Replace 1,000 feet of three-phase 1/0 ACSR overhead with threephase 4/0 Al underground main line with 1/0 Al for distribution located along Midland Avenue from Old
Cardiff Bridge Road to the end of Hager Lane – Project S12.

The underground conductor located in the Sunlight 1 subdivision found at the extremity of the number three
circuit is old direct buried cable. While the cable has not failed recently, it has failed in the past. In an effort to
be proactive, the City plans to replace this cable before it begins to fault on a more frequent basis. Both the
900 feet of three-phase cable and 4,300 feet of single-phase cable will be replaced using 1/0 Al underground
cable. This project, Project S8, was included in the previous work plan but since the cable has not recently
failed it was given a lower priority. The project will, however, be carried over to the current work plan.
•

Sunlight 1 Subdivision Underground Replacement – Replace 900 feet of three-phase and 4,300 feet
of single-phase direct buried underground cable with new 1/0 Al URD – Project S8.

Finally, as with the other two substations, the four hydraulic reclosers located in the substation will be replaced
with new electronically controlled reclosers.
•

Roaring Fork Recloser Replacement – Replace four hydraulic reclosers in the substation with new
electronically controlled units – Project S14.
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Summary of Work Plan Projects

Project
Project Description
Number
Mitchell Service Area Improvements
W2*
Mel Ray Rd
Install 1,500 ft of 3ph 1/0 Al URD along Mel Ray Road beginning at
Donegan Road (CR 130) and extending to Ponderosa Drive (Retire
1,000 feet of 1ph #4 ACSR OH)
Additional right-of-way excavation costs (plus 20%)
Transformer replacements and switchgear
Subtotal Project W2
W3*
130 Road Rebuild - West End
Replace 2,300 feet of existing 3ph 4/0 Hendrix with 3ph 500 MCM
main line and 3ph 4/0 Al for distribution
Additional right-of-way excavation costs (plus 20%)
Transformer replacements and switchgear
Subtotal Project W3
W6*
Storm King Trailer Park
Replace 900 feet of existing 3ph 4/0 Hendrix with 1,200 feet of 3ph
500 MCM main line and 3ph 4/0 Al for distribution
New switchgear
Subtotal Project W6
W11
Circuit 3 East End Rebuild
Replace 2,400 feet of 3ph 395 MCM with 3ph 500 MCM URD main
line and 3ph 4/0 Al for distribution along Highway 6
W12
Adventure Park Tie Line
Install 1ph 1/0 Al URD - 400 ft
W13
Recloser replacement - Replace five reclosers with electronically
controlled reclosers
W14
Replace lowside insulators in the substation
General System Improvements (Line extensions for new consumers
and replacement of old facilities ($60,000 per year))
North Glenwood Service Area Improvements
N2*
700 Block (Blake/Bennett Alley)
Replace 600 feet of 3ph 4/0 ACSR overhead with 3ph 4/0 Al
undergound main line with 1/0 Al for distribution
Additional right-of-way excavation costs (plus 20%)
Transformer replacements and switchgear
Subtotal Project N2
N3*
New 8th Street Underground Tie
Install 700 ft of 3ph 4/0 Al underground tie line in 6" PVC at 8th St
N8
Recloser replacement - Replace five reclosers with electronically
controlled reclosers
General System Improvements (Line extensions for new consumers
and replacement of old facilities ($60,000 per year))
* Carry over project from previous work plan

Quantity

1,500

Cost
per Unit

$30

Extended
Cost

$45,000

$9,000
$25,000
$79,000
2,300

$50

$115,000
$23,000
$45,000
$183,000

1,200

$50

$60,000
$15,000
$75,000

2,400

$50

$120,000

400
5

$25
$30,000

$10,000
$150,000

5

$60,000

$7,000
$300,000

600

$45

$27,000
$5,000
$40,000
$72,000

700
5

$45
$30,000

$31,500
$150,000

5

$60,000

$300,000

Summary of Work Plan Projects (Continued)

Project
Number

Project Description

Roaring Fork Service Area Improvements
S4*
Palmer Ave Rebuild
Replace 2,100 feet of existing 3ph underground with 3ph 500 MCM
main line and 3ph 4/0 Al for distribution
S7*
East Side Sopris Ave
Replace 1,600 feet of 3ph 1/0 ACSR overhead with 3ph 4/0 Al
underground main line with 1/0 Al for distribution
Transformer replacements and switchgear
Subtotal Project S7
S8*
Sunlight 1 Subdivision
Replace 900 feet of existing 3ph direct buried UG with new 3ph 1/0 Al
URD
Replace 4,000 feet of existing 1ph direct buried UG with new 1ph 1/0
Al URD
Additional right-of-way excavation costs (plus 20%)
Transformer replacements
Subtotal Project S8
S12
Midland Ave Underground
Replace 1,000 ft of 3ph 1/0 ACSR with 3ph 4/0 Al URD north of Old
Cardiff Bridge Road
Additional right-of-way excavation costs (plus 50%)
Subtotal Project S12
S13
Roaring Fork South Circuit Rebuild
Replace 1,700 feet of 3ph 4/0 ACSR with 3ph 394.5 AAAC overhead
double circuit
S14
Recloser replacement - Replace four reclosers with electronically
controlled reclosers
General System Improvements (Line extensions for new consumers
and replacement of old facilities ($60,000 per year))
Five Year Construction Program Grand Total
Average Yearly Cost
* Carry over project from previous work plan

Quantity

Cost
per Unit

Extended
Cost

2,100

$50

$105,000

1,600

$45

$72,000
$18,000
$90,000

900

$30

$27,000

4,000

$25

$100,000
$25,000
$25,000
$177,000

1,000

$45

$45,000
$25,000
$70,000

1,700

$35

$59,500

4

$30,000

$120,000

5

$60,000

$300,000
$2,399,000
$479,800

COMPUTER CALCULATIONS
EXISTING SYSTEM CONFIGURATION
WITH EXISTING LOAD LEVELS

