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EXECUTIVE SUMMARY 
Purpose, Results, and General Basis of Study 

The 2023 Work Plan uses present loads and projections for expected loads in the future years of 2026, 
2028, 2030, and 2033 on an individual feeder basis. Historical Non-Coincidental data was utilized from 
1995 thru 2022 to develop a 'least squares best fit' projections. Where there were inconsistencies in the 
trend period data, the projections are based on the past three years of history.  

Using the analysis data described, the nameplate capacities of the various parts of Garkane's system 
were compared to the forecast loads. In addition, voltage measurements and projections were also 
checked at the equipment locations. When these checks showed that the existing facilities did not meet 
Garkane's established standards, projects were identified to resolve any voltage and capacity-related 
issues specified. Project estimates were then calculated using pricing information from Garkane's 
material suppliers and our current labor rates.  

A summary of the identified projects is included in the report. In addition, estimated costs for the 
individual projects are included in the project summary table, along with an estimated time frame for 
when the project would need to be in service based on the severity of the issue. 

There are also a limited number of projects that are not capacity related. These fall into three general 
categories. The first is related to the reliable and safe operations of the system. The second category is 
those projects mandated by law or contractual agreement. The third is equipment critical to the safe 
and reliable operation made obsolete by its manufacturer discontinuing its support/manufacturer 
coupled with an inability to procure replacement parts. The reason for these projects is noted in the 
project description.  

Service Area 

Garkane Energy Cooperative, Inc. serves all or parts of six counties in South-Central Utah and two counties 
in North-Central Arizona, a rural area with considerable tourism. The Cooperative serves four national 
parks, two national monuments, a national recreation area, three national forests, and 
significant BLM lands. Several state parks are also served. Private lands encompass only about 10% of the 
Garkane's service territory of 16,000 square miles. The cooperative serves approximately 15,000 meters 
over 2,628 miles of distribution and transmission lines. Exhibit 1 shoes Garkane's Service territory and its 
primary system components.  
  



Exhibit 1, Garkane Service Territory & System Components

 



Load Forecast Summary  
Garkane operates and maintains 33 substations and switch yards for the transmission and distribution of 
electrical power across its service territory. Metering and control equipment in these facilities are used 
to collect load data and monitor system health in relation to Garkane's standards. The data is collected 
monthly and stored on computer servers. This historical data is then used to track load and voltage 
trends for each substation and feeder facility, making up each of Garkane's transmission and distribution 
systems. Exhibits 2-4 show the current load forecasts for each substation and associated feeders.  

Exhibit 2, Garkane Northern Interconnect System Load Forecast 

  

  



Exhibit 3, Garkane Glen Canyon Interconnect System Load Forecast 

 



Exhibit 3 continued, Garkane Glen Canyon Interconnect System Load Forecast 

 
  



Exhibit 4 continued, Twin Cities Interconnect and System Interconnect Load Forecast 

 

Power Supply Projects  
Garkane Energy Cooperative is a member-owner of Deseret Power. Deseret Power is a regional 
generation and transmission cooperative meeting the power requirements of its five-member retail 
systems, selling surplus power to municipalities, power marketers, and other wholesale electric systems 
in five states. As a cooperative, Deseret is owned by its five-member systems: Bridger Valley Electric, 
Dixie Power, Garkane Energy, Moon Lake Electric, and Mt. Wheeler Power. Deseret's cooperative 
organization, combined with its vertical integration, positions Deseret to provide member/owners, 
partners, and customers of all sizes with competitive and stable power rates. Deseret owns 223 miles 
of transmission lines and 565 MW of existing generation and is currently constructing/planning 65 MW 
of additional generation resources.  
 
Garkane takes service from Deseret at three interconnection points, Sigurd, Utah; Glen Canyon Dam, 
Arizona; and Hildale, Utah. Based on an analysis of existing interconnection contracts and equipment, 
these interconnections have sufficient capacity to serve the forecasted loads through the 2033 study 
period.        

Transmission System Projects  

Garkane owns, operates, and maintains roughly 420 miles, 69, and 138 kV transmission lines. The 
majority of these lines are 30 to 50 years old, and some of the components making up these structures 
have deteriorated to the point that requires that they be replaced. Therefore, Garkane has an annual 
program of inspecting all our transmission lines. Garkane's crews identify and replace failing 



components based on the observations made during these inspections. Garkane budgets $100,000.00 
annually to purchase replacement materials and cover the labor cost to install them.     

Transmission studies completed as part of previous work plans indicate the need to upgrade the 
Buckskin to Fredonia 69 kV transmission line to 138 kV before the loads on the line reach 30 MW. The 
2022 peak load on the line through October was 25.5 MW. Significant construction is occurring in the 
area, and loads are expected to reach the 30 MW milestone soon. Spring of 2022, the 138 kV Buckskin 
to Seamans Wash line section was completed. As part of the permitting requirements for rebuilding at 
138 kV, Garkane committed to retiring the 69 kV line. This section of the line is phase one of the multi-
phase project. Three additional phases of the project remain. Completing the remaining phases of this 
project represents a significant portion of this work plan budget, comprising roughly 5 million dollars of 
the CWP budget.  

Loads served by the Valley Feeder of the Fredonia Substation continue to increase year over year. 
Garkane is aware of significant construction plans by others to build new facilities that will accelerate 
the load growth rate on this feeder. As a result, it is anticipated that voltage regulation on the feeder 
will become an issue with the addition of roughly 2.5 more MVA for a total load of 9.5 MVA. Therefore, 
voltage conditions during peak loads should be closely monitored for compliance with Garkane 
standards. As loads continue to grow, if voltage conditions are observed to approach the ANSI C84.1 
limits, work on this project should begin in earnest. Completion of this project comprises roughly 4.5 
million dollars of the CWP budget.           

Substation System Projects  

Garkane owns, operates, and maintains 33 substations and switch yards for the transmission and 
distribution of electrical power across our service territory. Equipment in these substations monitors the 
flow of energy across the system and de-energizes any portions of the system when a fault occurs. 
Substation control and relaying equipment is also used to collect operational data and monitor system 
health. In most cases, this equipment is operable from Garkane's SCADA system.   

Garkane is in the process of a phased project to replace 40–50-year-old substation Oil Circuit Breakers 
(OCBs). This equipment has served Garkane well but, in general, has reached the end of its useful life. 
Associated with these OCBs are various Programmable Logic Controllers (PLCs), relays, and metering 
equipment that are no longer supported by the manufacturer and whose software can't be accessed 
using current computer operating system software and is vulnerable to cyber security attacks. Due to 
these issues, Garkane currently has no real-time load data monitoring or SCADA control to significant 
portions of our transmission system equipment. Garkane has completed the replacement work in our 
twenty-five distribution and one transmission substations, leaving four transmission substations and 
switch yards remaining for this project to be completed. The facilities remaining include the Sigurd, 
Buckskin, and Henrieville substations and the East Valley switchyard. These remaining projects make up 
1.25 million dollars of the CWP budget.          

The existing Tropic substation transformer has had consecutive Dissolved Gas Analysis (DGA) test results 
indicating the transformer core insulation is deteriorating and is experiencing some internal faulting. 
This condition is expected to lead to the eventual failure of the unit. The current substation bus support 



structure consists of aged wood-framed components. The current location of the substation prohibits 
sectionalizing the loads to more than one feeder, which inhibits the reliable and efficient operation of 
the distribution system in the area and leads to poorer reliability indices than could otherwise be 
achieved. It is recommended that Garkane build a replacement substation with 138kV clearances 
adjacent to the East Valley Transmission Switch. Garkane previously purchased the property with this 
intention. The facility will initially be operated for 69 to 12.5 kV transformation. Associated with this 
project is the construction of 4 miles of double-circuit 12.5 kV distribution line, detailed in this report's 
Distribution section. This project makes up 1.58 million dollars of the CWP budget.  

As part of a deal with a property owner for a long section of 138 kV transmission right-of-way and 
acreage for a switch yard, Garkane agreed to the retirement of the Bryce Substation when annual peak 
loads reached 80 percent of nameplate capacity or earlier. Garkane is aware of construction plans by 
others to build new facilities that will increase loads to the agreed threshold. Therefore, provided the 
agreed loading threshold is met, Garkane will build a replacement substation with 138 kV clearances in 
Ruby's switch yard. The facility will initially be operated for 69 to 12.5 kV transformation. This project 
makes up 1.58 million dollars of the CWP budget. 

Based on this report's load forecast analysis, two existing substation transformers could become 
overloaded during the 2033 study period. The transformers are Tod's Substation 69/34.5 kV and Duck 
Creek Substation 34.5/12.5kV units. Provided the forecasted loads materialize, these transformers will 
be replaced with higher-capacity units. These projects make up 1.0 million dollars of the CWP budget.  

The final three CWP substation projects fall into the potential project category. If required, their 
construction will occur near the end of the planning 2033 study period. Load growth forecasts using 
current trends indicate that the existing facilities will be sufficient through 2033. However, in these 
instances, Garkane is aware of specific potential construction projects in various planning and permitting 
stages that would increase loads significantly. Therefore, if these member projects are built within the 
planning horizon, their construction will likely necessitate these system improvements. 

The first of these potential projects is the Eight Mile Gap (EMG) substation 138 kV conversion. 
Transmission Studies indicate the Buckskin to Kanab transmission line needs to be constructed by the 
time loading on the Buckskin to Fredonia line reaches 30 MW. This project is currently under 
construction. Completing the line will mitigate volt regulation issues for a time. However, it is estimated 
that at roughly 40 MW of load, voltage regulation will again become an issue and require that the line 
be operated at 138 kV. The project will consist of constructing a new substation bay and foundation with 
138 kV clearances adjacent to the existing EMG Substation. This project makes up 2.5 million dollars of 
the CWP budget.                 

The second of these potential projects is the Valley/Mt Carmel Substation. Loads served by the Valley 
Feeder of the Fredonia Substation continue to increase year over year. Garkane is aware of construction 
plans by others to build new facilities that will accelerate the load growth rate. It is anticipated that 
voltage regulation on the feeder will become an issue with the addition of roughly 2.5 more MVA for a 
total load of 9.5 MVA. Therefore, voltage conditions during peak loads should be closely monitored for 
compliance with Garkane standards. If loads increase to where ANSI C84.1 voltage standards can't be 
maintained, it is recommended that Garkane construct a new substation in the Mt Carmel area. Build 



the new substation with 138 kV clearances. The facility will initially be operated for a 69 to 34.5 kV 
transformation. Associated with this project is the construction of 18 miles of 69 kV transmission line, 
detailed in this report's Transmission section. This project makes up 2.5 million dollars of the CWP 
budget.  

The third potential project is the construction of the Cedar Ridge Substation. Loads served by the Big 
Water Feeder of the Paria Substation continue to increase year over year. Garkane is aware of 
construction plans by others to build new facilities that will accelerate the load growth rate. It is 
anticipated that voltage regulation on the feeder will become an issue with the addition of roughly 1.5 
more MVA for a total load of 4 MVA. If loads increase to where ANSI C84.1 voltage standards can't be 
maintained, it is recommended that Garkane construct a new substation on property owned by Garkane 
in the Cedar Ridge area south of Big Water. Build the new substation with 138 kV clearances. Associated 
with this project is the construction of 7 miles of 25 kV distribution line, detailed in the Distribution 
section of this report. The facility will initially be operated for a 69 to 34.5 kV transformation. This 
project makes up 1.5 million dollars of the CWP budget.   

Distribution System Projects 

Garkane owns, operates, and maintains roughly 2220 miles of distribution lines. Garkane operates its 
distribution systems at three different voltages 12.5/7.2 kV, 25/14.4 kV, and 34.5/19.9 kV. The 12.5/7.2 
kV systems are operated as a proper distribution system. The 25/14.4 kV and 34.5/19.9 kV lines are used 
in a hybrid sub-transmission fashion. They are utilized on long rural feeders where higher voltages are 
required to keep losses and voltages within acceptable limits. Many of Garkane's facilities are 30 to 50 
years old, and the components making up these lines deteriorate over time. Garkane has an established 
inspection program to identify facilities needing replacement. Based on the observations made during 
these inspections, Garkane replaces failing components. Garkane budgets $200,000.00 annually to 
purchase replacement materials. 

Garkane regularly constructs primary line extensions as part of member service projects. In accordance 
with Garkane's line extension policy, the project owner pays for these projects in full. For this reason, 
these types of projects are not considered part of this study.  

The existing Tropic substation transformer has had consecutive Dissolved Gas Analysis (DGA) test results 
indicating the transformer core insulation is deteriorating and is experiencing some internal faulting. 
This condition is expected to lead to the eventual failure of the unit. The current location of the 
substation prohibits sectionalizing the loads to more than one feeder, which inhibits the reliable and 
efficient operation of the distribution system in the area and leads to poorer reliability indices than 
could otherwise be achieved. It is recommended that Garkane build a replacement substation adjacent 
to the East Valley Transmission Switch. Garkane previously purchased the property with this intention. 
Associated with this project is the construction of 4 miles of double circuit 12.5 kV distribution line. This 
project makes up 0.74 million dollars of the CWP budget.  

The potential project is the construction of the Cedar Ridge distribution line. Loads served by the Big 
Water Feeder of the Paria Substation continue to increase year over year. Garkane is aware of 
construction plans by others to build new facilities that will accelerate the load growth rate. It is 
anticipated that voltage regulation on the feeder will become an issue with the addition of roughly 1.5 



more MVA for a total load of 4 MVA. If loads increase to where ANSI C84.1 voltage standards can't be 
maintained, it is recommended that Garkane construct a new substation on property owned by Garkane 
in the Cedar Ridge area south of Big Water. The construction of 7 miles of 25 kV distribution line is 
associated with this project. This project makes up 1.435 million dollars of the CWP budget.    

AMI Metering System Projects 

Our current AMI system manufacturer notified Garkane Energy that the manufacturing of system 
components will stop in June of 2023. The manufacturer will also stop supporting and hosting all system 
software and data in January 2029. Garkane is contracting with a third-party consultant to identify the 
optimal replacement system and a replacement project roadmap. Budgetary quotes from AMI system 
manufacturers indicate a replacement cost of 3.5 to 5.5 million dollars.   

SCADA System Projects 

Garkane is in the process of a phased project to replace 40-50-year-old substation Oil Circuit Breakers 
(OCBs). This equipment has served Garkane well but generally has reached the end of its useful life, and 
replacement parts are no longer being manufactured. Associated with these OCBs are various 
Programmable Logic Controllers (PLCs), relays, and metering equipment that are no longer supported by 
the manufacturer and whose software can't be accessed using current computer operating system 
software. Nor are these devices hardened for cyber security.    

Due to these issues, Garkane has no real-time load data monitoring or SCADA control of our station 
equipment at the Sigurd, Buckskin, Henrieville, Boulder Hydro, and East Valley facilities. Garkane has 
completed the replacement work in twenty-five distribution and one transmission substations, leaving 
four transmission substations and switch yards remaining for this project to be completed. This project 
makes up $465,000 of the CWP budget.  

Summary of Construction Programs and Costs 

Table 1. Summary of Transmission and Distribution Line Projects 

Transmission Line Projects Estimated Total Cost ($) 
Transmission Line Maintenance (Spread Over Ten Years) 1,000,000  
Buckskin To Kanab & Fredonia, Phase 1,  210,000  
Buckskin To Kanab & Fredonia, Phase 2,  1,450,000  
Buckskin To Kanab & Fredonia, Phase 3,  1,710,000  
Buckskin To Kanab & Fredonia, Phase 4,  1,450,000  
Valley/Mt Carmel 34.5 To 69 kV Feeder Upgrade 4,230,000  

Subtotal  10,050,000 
Table 2. Summary of Transmission and Distribution Line Projects 

Distribution Line Projects Estimated Total Cost ($) 
Distribution Line Maintenance (Spread Over Ten Years) 2,000,000  
Bryce Valley Substation Distribution Line  740,000 
Cedar Ridge (Big Water) 25 kV Distribution Line  1,435,000 

Subtotal  4,175,000 



Table 3. Summary of Substation Projects 

Substation Projects Estimated Total Cost ($) 
Sigurd Transmission Substation Overhaul  200,000  
Buckskin Transmission Substation Overhaul 350,000  
Kanab Switch Retirement 75,000  
Henrieville Transmission Substation Overhaul 350,000  
East Valley Transmission Switch Overhaul   350,000  
Johnson Canyon Substation Retirement   75,000  
Bryce Valley Substation Construction 1,500,000  
Tropic Substation Retirement 75,000  
Ruby's Substation Construction  1,500,000  
Bryce Substation Retirement    75,000  
Duck Creek Substation Transformer Capacity Upgrade 500,000 
Tod's Substation Transformer Capacity Upgrade 500,000  
Eight Mile Gap Substation 138 kV Conversion 2,500,000  
Valley/Mt Carmel Substation Construction     1,500,000  
Cedar Ridge (Big Water) Substation Construction  1,500,000  

Subtotal  11,050,000 
 
Table 4. Summary of AMI, SCADA, and Facilities Projects 

AMI, SCADA, and Facilities Projects Projects Estimated Total Cost ($) 
Replacement Ami System  4,500,000  
Replacement Scada Hardware & Software, Transmission 
Substations & Boulder Hydro 

465,000 
 

Subtotal  4,965,000 
 

Table 5. Summary Construction Work Plan Facilities Cost 

Construction Work Plan Projects Estimated Total Cost ($) 
Power Supply Projects  0 
Transmission System Project 10,050,000 
Distribution System Projects 4,175,000 
Substation System Projects  11,050,000 
AMI Metering System 4,500,000  
SCADA System Projects 465,000 

Total  30,240,000 
  



BASIS OF STUDY GARKANE POWER ASSOCIATION, TRANSMISSION & 
DISTRIBUTION SYSTEM DESIGN STANDARDS 

The following System Design Standards will be applied to the Garkane Transmission and Distribution 
System design and operation. The Transmission standards shall apply to facilities energized at 34.5 kV 
phase to phase and higher. The Distribution standard shall apply to facilities energized at less than 34.5 
kV. 

1. The system shall be designed to achieve a maximum of 200 consumer outage minutes, per 
consumer, per year, excluding outages caused by a major event or the power supplier for the 
last five consecutive years. (RUS Bulletin 1724D-101B) 

2. Maximum design primary voltage levels at the distribution transformer primary terminals, at 
any loading level or condition, is 126 volts on a 120-volt base with a 1-volt tolerance for voltage 
regulator bandwidth. (RUS Bulletin 1723D-113 & ANSI C84.1-2016) 

3. The minimum design primary voltage level at the distribution transformer primary terminals, at 
peak load conditions with voltage regulators, is 118 volts on a 120-volt base with a 1-volt 
tolerance for voltage regulator bandwidth. (RUS Bulletin 1723D-113 & ANSI C84.1-2016) 

4. Distribution systems will be designed and operated to meet the service voltage level 
requirements of Range A in Table 1 of RUS Bulletin 1723D-113. Service Voltage shall be 
measured at the meter socket. Maintaining voltage levels within Range A on all line sections of 
the system cannot be assured. Under peak load conditions (95% to 100% of historic peak), it will 
be acceptable for some service voltages that fall in Range B of Table 1 of RUS Bulletin 1723D-113 
for short durations. (RUS Bulletin 1723D-113 & ANSI C84.1-2016) 

5. When service voltages consistently extend into Range B during peak loading or for an extended 
period, they will be corrected promptly to conform to Range A requirements by using interim 
measures, and a permanent solution will be developed and implemented. (RUS Bulletin 1723D-
113 & ANSI C84.1-2016) 

6. Maximum distribution feeder voltage drop measured at the primary distribution terminals with 
line voltage regulators will be no more than 16 volts with no more than 8 volts drop between 
voltage regulators. (Substation Voltage Regulators or those immediately down line of a step 
transformer are not considered line regulators). 

7. Voltage Regulator Line Drop Compensation settings shall be calculated to give a 6-volt rise at the 
projected peak load. Therefore, a voltage level of 124 volts and 2-volt bandwidth should be 
utilized. 

8. Under normal operation conditions, overhead ACSR conductor loading will be limited to 100% of 
the rated current capacity at 150⁰F (65⁰C). Using an ambient air temperature of 40⁰C, emissivity 
0.5%, and wind of 1 ft/sec for distribution and transmission facilities. 

9. Under emergency operation conditions, overhead ACSR conductor loading will be limited to 
100% of the rated current capacity at 167⁰F (75⁰C). Using an ambient air temperature of 40⁰C, 



emissivity 0.5%, and wind of 1 ft/sec for distribution and transmission facilities. 

10. Overhead primary lines shall be constructed using #4, #2, 1/0, 4/0, and 477 ACSR conductors 
wherever possible to minimize inventory of conductors, connectors, and splices. 

11. New and upgraded transmission lines will include fiber optic cabling to provide a reliable 
communications path for system metering, data acquisition, and control equipment. 

12. Table 1 shows the design sag percentages of rated breaking strength that shall be used in the 
design and construction of overhead lines. 

Table 6 ACSR DESIGN SAG CRITERIA   
Weather Case Cable Condition  

(PLS CADD 
CONDITION) 

Percent Rated 
Braking 
Strength 

NESC District Loading (250B) Initial 60 

NESC Extreme Wind (250C) Initial 80 

NESC Concurrent Ice and Wind (250D) Initial 80 

NESC Tension Limit (261H1c) Initial 35 

NESC Tension Limit (261H1c) Creep 25 

AEOLIAN VIB Zone 7a Kanab -5d AAMT Creep 17.5 

GKE MAX SAGGING TENSION UNLOADED Initial 16-20 

RUS DISTRICT LOADING MAX TENSION Initial 50 

RUS HEAVY DISTRICT NO ICE OR WIND Initial 33.3 

RUS HEAVY DISTRICT NO ICE OR WIND Load 25 

GKE MAX SAGGING TENSION OPGW 
UNLOADED 

Initial 15 

DETAILS OF WEATHER CASES CAN BE FOUND IN PLS CADD.CRI FILE AT: 
 E:\Vault\Garkane COO\WORK PLANS\01 GKE SYSTEM STANDARDS 

 
13. Overhead service drop conductor shall be constructed using #2 and 1/0 ACSR TRIPLEX. 

Hard-drawn Copper primary lines, which are subject to increased sag and breakage due to 
annealing of the conductor, will be replaced with ACSR conductors. 

 

14. The preferred URD Primary cable will be 1/0 AAC (152 max amps in conduit) for general 
conditions & 4/0 AAC (225 max amps in conduit) for heavily loaded feeder backbones, 133% 
XLP-TR Super Smooth insulation, with a full neutral, external jacket, installed in conduit. 

 



15. The preferred URD operation voltage shall be 15 kV or less. For feeders 34.5 and 25 kV nominal 
voltages, a step-down transformer at the URD tap location will be the preferred design.     

 

16. Primary URD cables which experience three faults due to insulation failure should be replaced as 
part of the annual cable replacement program. In addition, cables of the same vintage and 
general condition in the same area as the failed cable should also be replaced. 

 

17. URD primary, secondary, and services shall be installed in conduits. 
 

18. Secondary conductors shall be limited to a 3-volt drop under maximum expected loading 
conditions and shall be no more than 300 feet long.     

 

19. Transmission system voltage levels shall be maintained between a maximum of 1.05 per unit 
and a minimum of .95 per unit for all expected loading levels. 

 

20. Overhead Distribution Lines shall be designed at a minimum to meet the NESC Medium Loading 
District structural loadings for Grades B and C as applicable to conditions at the time of 
construction.  

 

21. Overhead Transmission Lines shall be designed at a minimum to meet the NESC Medium 
Loading District structural loadings for Grades B and C as applicable to conditions at the time of 
construction. Consideration shall be given to using the NESC Heavy Loading District structural 
loadings in areas where historical weather conditions show that warranted.  

 

22. Transmission and Distribution Poles less than 60 feet above ground level should be scheduled 
for replacement or rehabilitation when inspection shows that deterioration has reduced the 
structural strength to 2/3 of that required when installed for NESC District Loading. (RUS Bulletin 
1730B-121)  

 

23. Transmission and Distribution Poles greater than or equal to 60 feet above ground level should 
be scheduled for replacement or rehabilitation when inspection shows that deterioration has 
reduced the structural strength to 3/4 of that required when installed for NESC District Loading. 
(RUS Bulletin 1730B-121) 

 

24. Voltage Regulator loading will be limited to 100 % of rated capacity at projected load levels. 
 

25. Line, Mini-Sub, and Step Transformers loading will be limited to 135% of rated capacity during 
projected annual peak load levels. Once transformer loading reaches 100% of the rated capacity, 
provisions shall be made to promptly upgrade the transformer(s).  

 

26. Substation Transformer loading will be limited to 125 % of rated capacity during projected 



annual peak load levels. Once a Substation Transformer's peak annual loading reaches 95% of 
Forced Air rated capacity, provisions shall be made to promptly upgrade the transformer(s). 

 

27. The following equipment shall not be thermally overloaded by more than the following 
percentages of the device's nameplate rating.  

TABLE 7, EQUIPMENT THERMAL OVERLOAD CRITERIA 
Equipment  Normal Conditions Emergency 

Conditions (4hr) 

Substation and Line Voltage Regulators 100% 110% 

Hydraulic Oil Circuit Reclosers 70% 100% 

Electronic Recloser Control  50% 75% 

Line Fuses 75% 100% 

 

28. Power factor will be maintained between 95% lagging and 95% leading under peak and light 
load conditions. 

29. Feeder phase current balance will be maintained within 20% of the average phase loading 
during peak loading conditions. 

30. Sectionalizing device loading will be limited to 90% of rated capacity at projected peak load 
conditions. 

31. Sectionalizing devices will not be located so that their maximum interrupting capacity is 
exceeded. 

32. Substation and Step Transformer Primary Fuses will be sized to provide maximum protection to 
the transformer and clear a phase-to-ground bus fault on the secondary side in approximately 2 
seconds. The continuous rating of the fuse shall be more than two times the full load rating of 
the transformer, if possible, to allow for cold load pickup and inrush current. The preferred 69 
kV primary transformer fuse is S & C SMD-1A Standard Speed. 

33. Motor Load Equipment and Design Standard 

34. Motors over ten hp must be served with three-phase power unless an engineering study 
demonstrates a specified larger motor will not cause power quality deviations from industry 
standards. 

35. All motors over five hp shall have starting current limited to no more than 3 ½ times full load 
rating for no more than 15 seconds. 

36. Motor loads with variable frequency drives may require: upgrading transformer size (pole class 
may have to increase), decreasing transformer impedance, increasing service wire size, 
decreasing service wire length and harmonic filters to reduce Total Harmonic Current Distortion 
at the member's meter (per IEEE Standards 519). These changes will be at the member's 



expense. 

37. Garkane requires equipment owners/members to provide electrical protection on three-phase 
motors. This protection should include: loss-of-phase, reverse phasing, and low-voltage 
protection (including low-voltage protection for single-phase motors). Garkane will not assume 
responsibility for damages related to a member's lack of effective protection. 

38. Motor loads should be compensated for their reactive power usage by installing shunt 
capacitors. Power Factor shall be between 95% lagging and 100%. Leading Power Factor is not 
permitted. 

39. Newly installed motors or any other load shall cause less than 3% voltage flicker (per IEEE 
Standard 141) at the member's meter. 

 

  



Garkane Labor & Equipment Rates 
Exhibit 5: Per Hour Position Labor Rates (Effective 01/01/2023) 

GENERAL FOREMEN (AREA MANAGER) 100.00 ($/HR) 
LINE FOREMEN  97.00 ($/HR) 
LEAD JOURNEYMEN 94.00 ($/HR) 
JOURNEYMAN LINEMAN 90.00 ($/HR) 
APPRENTICE LINEMAN 1ST TO 2ND YEAR 65.00 ($/HR) 
APPRENTICE LINEMAN 3RD TO 4TH YEAR 81.00 ($/HR) 
EQUIPMENT OPERATOR (EMPLOYEE POSITION MAY NOT BE AVAILABLE) 60.00 ($/HR) 
SUBSTATION TECHNICIAN  88.00 ($/HR) 
METER TECHNICIAN 85.00 ($/HR) 
STAKING/SURVEY TECHNICIAN  83.00 ($/HR) 
STAFF ENGINEER  120.00 ($/HR) 
SENIOR ENGINEER/PROJECT MANAGER 140.00 ($/HR) 

Exhibit 6: Per Hour Equipment Rates (Effective (01/01/2023) 
CATERPILLAR D6 DOZER 180.00 ($/HR) 
MINI-EXCAVATOR 90.00 ($/HR) 
4x4 BACKHOE 75.00 ($/HR) 
SKID STEER 85.00 ($/HR) 
DIGGER DERRICK TRUCK 200.00 ($/HR) 
BUCKET TRUCK 200.00 ($/HR) 
CRANE TRUCK 170.00 ($/HR) 
SEMI-TRACTOR WITH TRAILER  125.00 ($/HR) 
4X4 1&2 TON FLATBED, & DUMP TRUCKS  75.00 ($/HR) 
LINE CREW 4X4 TRUCK (WITH UTILITY SERVICE BED AND LINE TOOLS) 75.00 ($/HR) 
½ & ¾ TON 4X4 WORK TRUCK 50.00 ($/HR) 
ROPE PULLER TENSIONER TRUCK 50.00 ($/HR) 
WIRE PULLER  54.00 ($/HR) 
WIRE TENSIONER BULL WHEEL 50.00 ($/HR) 
CHIPPER WITH CHIPPER TRUCK & 4 CHAIN SAWS 200.00 ($/HR) 
REEL TRAILER 40.00 ($/HR) 
POLE TRAILER 40.00 ($/HR) 
SNOWCAT WITH TRAILER  85.00 ($/HR) 
AIR COMPRESSOR TRAILER WITH ROCK DRILL 50.00 ($/HR) 
FORKLIFT 75.00 ($/HR) 
LOWBOY TRAILER 40.00 ($/HR) 
EQUIPMENT TRAILER 40.00 ($/HR) 
WELDER W/ EQUIPMENT TRAILER (CONSUMABLES CHARGED SEPARATELY) 50.00 ($/HR) 
UNDERGROUND FAULT LOCATING EQUIPMENT  125.00 ($/HR) 
METER TESTING EQUIPMENT 70.00 ($/HR) 
SNOWMOBILE  18.00 ($/HR) 
ATV/UTV 18.00 ($/HR) 

• All equipment must have a Garkane employee operator, which will be billed separately. 
• Fuel provided with equipment 
• Rates apply when equipment is on the project site, AND Equipment mobilized from the home port 100 miles are subject to a 

$5.50/mile rate   



Distribution Line Per Foot Construction Costs 

Garkane maintains records tracking the cost of materials and labor required to construct the various 
components of its distribution lines. Exhibit 7 summarizes the aggregated price per foot for the primary 
types of distribution line construction used by Garkane. 

EXHIBIT 7, ESTIMATE OF DISTRIBUTION FACILITY PER FOOT CONSTRUCTION COST

    

  



Transmission Line Per Foot Construction Costs 

Garkane maintains records tracking the cost of materials and labor required to construct the various 
components of its distribution lines. Exhibit 4 summarizes the aggregated price per foot for the primary 
types of distribution line construction used by Garkane. 

EXHIBIT 8, ESTIMATE OF DISTRIBUTION FACILITY PER FOOT CONSTRUCTION COST 

ESTIMATED TRANSMISSION COST BASED ON VOLTAGE AND BASE STRUCTURE TYPE  

NOMIAL VOLTAGE (kV) BASE TANGENT STRUCTURE  ESTIMATED COST ($/FT) 
138 Garkane RUS TP-138  $                                           50.54  

69 Garkane RUS TP-69  $                                           42.38  
 



Status of Previous Construction Work Plan Items Summary 

 



 

  



Historical and Projected System Data  

Annual Energy, Load, and New Member Data 

Exhibit 6 provides information on the last 11 years and projections based on ten months of operations in 
2022 of the annual energy sales in kWh, annual system peak, and the number of member accounts. The 
source of this information is Garkane's annual Form-7 Reports and the Historical Load Reports. Data 
analysis indicates; 1) an Annual Energy Purchased growth rate of 1.66%, 2) an Annual Energy Sales 
growth rate of 1.69%, 3) an Annual System Peak Load growth rate of 2.67%, and 4) an Annual New 
Service growth rate of 5.55%. In addition, the data shows that two variables drive annual energy and 
peak demand. The most prominent variable from year to year is the heat and cooling days experienced, 
which drives usage and demand. The second variable which has driven an overall increase in energy use 
and demand is the number of new services added annually.        

Exhibit 9, Annual Energy Sales, Annual Peak Load, Number of Member Services 

Year 

ANNUAL ENERGY 
PURCHASED  

ANNUAL ENERGY 
SALES  

ANNUAL ENERGY 
LOSSES (kWh) 

ANNUAL SYSTEM 
PEAK LOAD  

ANNUAL NEW 
SERVICES 

(kWh) Growth (kWh) Growth (kWh) (%) (kW)  Growth (#) Growth 

2010  255,376,552  2.11%   231,437,976  2.41%  23,938,576  9.37%     51,262  14.13% 138 -39.86% 
2011  260,755,489  -1.82%   237,006,723  -1.56%  23,748,766  9.11%     58,504  -12.28% 83 32.53% 
2012  256,008,992  6.25%   233,314,277  6.46%  22,694,715  8.86%     51,319  17.70% 110 20.91% 
2013  272,000,929  -4.28%   248,393,231  -3.47%  23,607,698  8.68%     60,401  -15.00% 133 -0.75% 
2014  260,355,092  1.69%   239,773,471  0.86%  20,581,621  7.91%     51,341  -0.08% 132 15.15% 
2015  264,762,690  -1.00%   241,838,346  0.26%  22,924,344  8.66%     51,299  16.06% 152 -8.55% 
2016  262,110,503  -0.88%   242,459,544  -0.84%  19,650,959  7.50%     59,536  -8.23% 139 1.44% 
2017  259,811,232  2.59%   240,411,862  0.92%  19,399,370  7.47%     54,639  0.26% 141 306.4% 
2018  266,540,284  3.72%   242,632,250  3.01%  23,908,034  8.97%     54,783  3.53% 573 -54.10% 
2019  276,455,845  -2.78%   249,947,222  3.73%  26,508,623  9.59%     56,715  -1.15% 263 18.63% 
2020  268,781,632  7.89%   259,272,159  3.54%    9,509,473  3.54%     56,066  5.87% 312 8.97% 
2021  289,981,303  4.06%   268,448,529  3.32%  21,532,774  7.43%     59,358  11.27% 340 7.06% 
2022  301,759,848  4.06%  277,348,673  3.32%  24,411,175  8.09%     66,051  2.67% 364 5.55% 
2023  306,776,069  1.66%  282,032,385  1.69%  24,743,684  7.98%     67,817  2.67% 384 5.55% 
2024  311,875,676  1.66%  286,795,194  1.69%  25,080,482  7.89%     69,630  2.67% 406 5.55% 

2025  317,060,054  1.66%  291,638,434  1.69%  25,421,620  7.81%     71,492  2.67% 428 5.55% 
2026  322,330,613  1.66%  296,563,464  1.69%  25,767,150  7.73%     73,404  2.67% 452 5.55% 

2027  327,688,786  1.66%  301,571,665  1.69%  26,117,122  7.72%     75,367  2.67% 477 5.55% 
2028  333,136,030  1.66%  306,664,442  1.69%  26,471,588  7.64%     77,382  2.67% 503 5.55% 
2029  338,673,824  1.66%  311,843,223  1.69%  26,830,601  7.65%     79,451  2.67% 531 5.55% 

2030  344,303,674  1.66%  317,109,460  1.69%  27,194,214  7.67%     81,576  2.67% 561 5.55% 
2031  350,027,110  1.66%  322,464,631  1.69%  27,562,479  7.56%     83,757  2.67% 592 5.55% 

2032  355,845,688  1.66%  327,910,237  1.69%  27,935,451  7.39%     85,997  2.67% 625 5.55% 

2033  361,760,989  1.66%  333,447,805  1.69%  28,313,185  7.71%     88,296  2.67% 660 5.55% 

Annual Average Rate 1.66% N/A 1.69% N/A 8.09% N/A 2.67% N/A 5.55% 
*Italics indicate forecast values 
 



Substation, Substation Transformer, and Feeder Load Data  

Garkane operates and maintains 33 substations and switch yards for the transmission and distribution of 
electrical power across its service territory. Metering and control equipment in these substations is used 
to collect load data and monitor system health in relation to Garkane's standards. The data is also used 
to forecast load trends. Exhibits 7, 8a, 8b, and 9 provide a summary of the load trends for each of the 
substation and feeder facilities making up each of Garkane's three interconnections, their nameplate 
capacities, individual existing and forecast loads over the next ten years. Items where the forecast loads 
or other know conditions require actions to mitigate deviations from Garkane standards are highlighted 
in yellow. 

  

  





 



 



 
 



 



Voltage Measurements  

Garkane operates and maintains 33 substations and 2,628 miles of transmission and distribution lines to 
provide electrical power across its service territory. Metering and control equipment across the system 
is used to monitor the voltage levels in relation to Garkane's standards. Exhibits 7, 8a, 8b, and 9 provide 
a summary with a limited sample of the voltages measured during the peak month across the system at 
peak load at the measurement equipment over the last three years. In addition, the measured voltages 
are compared to the ANSI C84.1 and Garkane voltage standards. Equipment recording voltage 
measurement these standards are highlighted in red. 

  



Exhibit 13, Garkane PAC Northern Interconnect Voltage Analysis 

 



Exhibit 14a, Glen Canyon Interconnect, East Garfield County Transm
ission Feeder 

 



Exhibit 14b, Glen Canyon Interconnect, W
est Garfield, and N

orthern Kane Transm
ission Feeder 

 



Exhibit 14c, Glen Canyon Interconnect, Southern Kane County Transm
ission Feeder  



Exhibit 15, Tw
in Cities Interconnection at Last 3 Years Peak Load Voltage M

easurem
ents  



System Outages and Reliability 

Garkane tracks the inputs to compute reliability indices. Exhibit 16 provides the SAIDI, SAIFI, and CAIDI 
calculations for the last five years. It is anticipated that continued replacement projects of the breakers, 
PLCs, and relays, in conjunction with improved coordination settings made possible with these digital 
controls, will continue to improve Garkane's reliability indices. 

 Exhibit 16, Garkane's Last 5 Years of Reliability Indices  

 



REQUIRED CONSTRUCTION ITEMS BASED ON ANALYSIS 

Service to New & Existing Customers 

Garkane Line Extension Policy requires that project applicants pay for the line and service extension 
costs. This includes all facilities and equipment (including transformers and metering) constructed 
beyond the Cooperative's then-existing facilities reasonably required to supply electrical service to an 
applicant's point of delivery. In addition, a Line Extension may include necessary improvements, 
upgrades, and other changes to the Cooperative's existing facilities. As such, these items will not be 
included as part of this planning analysis.  

Transmission Lines, Distribution Lines, Substations, AMI Metering, SCADA Equipment 
Projects,  

The 2023 Work Plan was developed using present loads and projections for expected loads in 2026, 
2028, 2030, and 2033 on an individual feeder basis. Historical Non-Coincidental data was utilized from 
1995 thru 2022 to develop a 'least squares best fit' projections. Where there were inconsistencies in the 
trend period, data projections based upon the past three years of history were looked at. A copy of the 
load data is provided in the report. 

Projects were identified that were necessary to resolve voltage and capacity-related problems. A 
summary of the identified projects is included in the following exhibits. In addition, estimated cost of the 
individual projects is included in the project summary table, along with an estimated time frame as to 
when the project would need to be in service based on the severity of the issue. 
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