TRUCKEE DONNER

Public Utility District

2019 ELECTRIC SYSTEM MASTER PLAN

Prepared For:

Truckee Donner Public Utility District
11570 Donner Pass Road
Truckee, California 96161

Prepared By:

Electrical Consultants, Inc.
3521 Gabel Road
Billings, MT 59102




Truckee Donner Public Utility District
2019 Electric System Master Plan Engineer’s Certification

ENGINEER'S CERTIFICATION
2019 Electric System Master Plan
Truckee Donner Public Utility District
11570 Donner Pass Road
Truckee, California 96161

Upon completion of construction of the facilities proposed herein, the system will provide
adequate and dependable service to approximately 13,923 customers and 57 MW of non-
coincidental load, as projected in the analysis.

The recommended system improvements included in this report are in general agreement with
the Truckee Donner Public Utility District Planning Criteria.

I certify that this report was prepared by me or under my direct supervision and that I am a
duly registered Professional Engineer.

e

Nanfe Richard L. McComish, P.E.

December 2019

Date

£ 8§50
Reg. No.




Truckee Donner Public Utility District
2019 Electric System Master Plan

Index
1.0 OVERVIEW & PURPOSE.........cccooiiiiiiniiniieietcnctcnicnic st 1-1
L1 OVEIVIEW...oouiiuieiieieiereeeeeieeeesieet e sa s sa e snssassae s 1-1
1.2 PUIPOSE....iiueiiieiieiteieeteits ettt sas b s 1-1
2.0  EXECUTIVE SUMMARY .....oooiiiiiriiiiiicinitntsiisiessssetetense e senens 2-1
2.1 Existing System Performance..........c..cccvvevniriiiiiniiiinnncinicnennnne. 2-1
2.2 Recommended SYStem.......c.ceevereeniiriiiieneinienieenienteienese e 2-3
2.3 Contingency ANALYSIS .......cceceevereenieriienieniinieneisrcne e 2-4
2.4 CoOSt SUMIMATY.....ccoverrriiereeniierieriteeie sttt et ss e saessaassbeesreens 2-4
2.5 Project Prioritization ..........cccceveeverneeriniienicnienicrecne e 2-5
3.0  SYSTEM PLANNING CRITERIA .......c.ccceotiiiiriiirirectcicnieniescienicneeieienaeaenens 3-1
3.1 Electrical System Performance Criteria................coovevuiininiinn 3-1
a. Distribution System Voltage Level............ccoiiiiiiiiiininn. 3-1
3.2 Voltage Regulation ..........cccceeveeverieninnieneniieneneciecrenie s 3-2
3.3 Phase BalanCing.........cocceeceevierieneeiienenieeecicsieetcie e 3-3
3.4 Capacity and Loading ..........ccceverireriiinininiinininiciicecccenne 3-5
a. L0ad Periods ......cccooveerriiinieniieieeieeieeecre e 3-5
b. Equipment Loading...........cccceeereuerenniininniiniiiiinecnecseeieneenes o 3-5
c. CONAUCLOT.....veviiieiiitetet ettt s 3-6
3.5 Power Factor & LOSSES ....ccccceveeriiiiiieniiiiciiicienecinciic e 3-8
3.6 Contingency System Conditions.........c.ccceeeevuervieninicenenieniennenninnneenn 3-8
3.7 Mechanical Condition and Reliability Criteria............cocceevuereevuennenne. 3-8
4.0  PROTECTION PHILOSOPHY ....covtouiriiriinieiinieresienresesenesie st snsensensenis 4-1
4.1 Basic Principles of System Coordination..........cc.ceceeveeeeiniiiiiinnnnnns 4-1
4.2 SeCtiONAlIZEIS ......eevveeeiirieriierteeiee ettt s 4-1
4.3 FUSES .oeeueeeeieeeeieeeeeeste ettt st et e bbb s b e b s ae e s a e e ae e sra e sa e 4-2
4.4 Electronic Recloser Applications...........cceeveveereerieneeseerneenieeneninennenns 4-3
4.5 Safety Considerations ............cecceceeveeererieeeeieneeeeeeeeeereeeseesienenens 4-3
4.6 Guide to Performed Calculations............cccceeruerveeneenienieeenienniennnens 4-4
5.0 HISTORICAL DATA & LOAD FORECAST .......ocooiiiiininieceicieccicnicneis 5-1
5.1 Description of Service Area........cccceervuenievieriininicniiiee s 5-1
5.2 POWET SUPPLY .eovviireiieniieierterieeteeit ettt re e 5-1
a. Energy Efficiency and Conservation .........c..cco.ccevverceeniniininnnnns o 5-1
5.3 TranSmiSSION .......ccccevverreeruiriierienenteneereere et st sre e aeens 5-1
5.4 Connection Statistics & Growth Patterns..........ccccecevvevvinnninennnnnne. 5-1
a. Residential........coovuerieriiiiienieeeeeecte e 5-2
b. Commercial (< 50 KW) ..ooiiriiiiiiiiiciecceenn 5-2
c. Commercial (> 50 kW and <200 kW) ....ccoeoeninincninininiiinenn 5-2
d. Commercial (> 200 KW) ...cc.coceevirieniiicniiiniicnicncenicieenes o 5-2
e. Public AUthOTIEY ..cueieeeiieiieeeeieeetee e 5-3
f. Water PUMP ....ooveiiiiiiiiiieirccc e 5-3
g The DiStrict USE ......ccevivireriniiiiiiiniicccieninnieeee s 5-3
5.5 Line StatiStiCs......cccerverererririreiieieieiere s 5-12
5.6 Historical Demand and Growth Patterns ...........cccccoevvviiviinincninnnnnn. 5-13



Truckee Donner Public Utility District
2019 Electric System Master Plan

Index
5.7 System Load Factor ........ccceveviiiiiniininiiiiiiecciee 5-17
5.8 Reliability of Electric Service .........ccccevervuiriiiniiiiiniinniiniinieiieiennens 5-18
5.9 Annual System Demand ..........ccccccceviiviniinniiniiiniinins 5-20
5.10 Status of Previous Master Plan Items ..........ccccoceeveivcenneiiiiniiinnnns 5-21
6.0 CONSTRUCTION RECOMMENDATIONS .......cccoeiiimiriiniiiiiinieicseeienne e 6-1
a. Loading and Capacity .........cccceevererereriiiieniiiiiiicienicsiereeennes .6-1
b. Mechanical Condition of Plant ............ccoceevvveviienneerceenncnieniennne .6-1
C. SyStem ANALYSIS.....ccceeerverrerrererenreneneetetererer et .6-1
d. Contingency System Planning ...........cccccceevevevininininininenennens .6-1
e. Sectionalizing Recommendations.............c.cceevereevienenncniinnnnnenns .6-1
6.1 DONNER LAKE SERVICE AREA........ccccooviiniiiiniiiericcenecieienes 6-3
6.2 GLENSHIRE SERVICE AREA.........cooooviiiniiienieieeeneee e 6-9
6.3 MARTIS VALLEY SERVICE AREA .......ccccceniriniiiiiicnceenn .6-11
6.4 TAHOE DONNER SERVICE AREA.........cccecoeviiiiiiiiiiiiiiinn .6-16
6.5 TRUCKEE SERVICE AREA..........cccocvvieiiniiiinicreircncciennccienee .6-21
6.6 SYSTEM WIDE IMPROVEMENTS.........cccccoceniiniiiiniiicniieenes .6-28
APPENDICES
Maps

ii



Truckee Donner Public Utility District

2019 Electric System Master Plan Section 1.0
1.0 OVERVIEW & PURPOSE
1.1  Qverview

1.2

This report contains an analysis of the present system and the 2019 Electric System Master
Plan for Truckee Donner Public Utility District (the District or TDPUD). The Executive
Summary, Section 2, contains the required information for the District's management to
include in long-range financial forecasts and a summary of the recommended plan. The
Planning and Sectionalizing Criteria is described in Sections 3 and 4 respectively, while
Section 5 provides a review of historical trends and load forecasts. Section 4 includes the
philosophy used by the Engineer to provide proper coordination between the protective
devices in the District’s system. Section 5 of this report examines performance of the
existing distribution system for voltage drop, voltage and current imbalance, line loading,
equipment capacity, power factor and losses with present peak, projected 5 and 15 year
peak conditions.

Purpose

The main purpose of this report is to provide Truckee Donner Public Utility District with
an orderly plan for carrying out construction, protective coordination and other needed
improvements. Complementary to this purpose is the study’s goal of planning and
completing improvements in the most economic manner possible.

A second major purpose of this report is to provide the most up-to-date forecast possible
of financial requirements for the next 15 years. These cost estimates provide the utility with
the data necessary for completion of their annual business work plans and budgets and
serve as a basis for long-term financial forecasts.

Service reliability and quality of service are the very essence of operational goals in any
electric utility. The function of system planning is to evaluate the existing and projected
system configuration, voltage levels and load balance in a manner that endeavors to
increase the quality of service. In a continuing effort and in order to serve its intended
purpose, planning must change dynamically as governing conditions change. This plan
provides the Owners’ and Engineers’ current philosophy on those specific improvements
which will best meet the present needs of the system.

In addition to the Master Plan construction recommendations, a detailed sectionalizing
study was completed to provide the best possible protection for the utility and consumers.
This evaluation of the system takes into consideration the following items:

e Increased fault levels due to system improvements
e Loading of equipment
e Reliability

Taking into account each of the above items, the system was evaluated to ensure that all
devices met maximum interrupt rating, while not exceeding their continuous current
ratings, and that devices would pick up minimum fault currents based on a 40 ohm ground
resistance. Proper coordination between devices was also evaluated in an attempt to
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eliminate simultaneous operation. As a result of this evaluation, the sectionalizing study
provides recommendations which will enable the District to provide a high level of
reliability to its customers.
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2.0

2.1

EXECUTIVE SUMMARY

This report presents the results of a Master Plan prepared by Electrical Consultants, Inc.
(ECI) for Truckee Donner Public Utility District (the District). This study evaluates the
District’s distribution system which provides electric service in Northeastern California.

Based upon the planning criteria identified in Section 3.0 and pertinent historical trends
and load forecasts identified in Section 5.0, distribution system performance was evaluated
in order to identify criteria violations for voltage drop, voltage and current imbalance, line
and equipment loading, as well as power factor and losses.

System performance was evaluated by first performing load flows for peak loading
conditions. A thorough review of the existing system performance with the present,
transition (5 year) and long range (15 year) loading was performed. The peak model is
represented by the existing system maps located in the Appendix, which include voltage
loading levels through the District’s distribution system. Results of the load flow analysis
are summarized in Section 6.0 along with recommendations for system improvement.

After load growth was implemented in the model, protective device settings were updated
to reflect the existing system. Changes are recommended where minimum pick up levels
are above minimum fault current levels within the protection zones. Other
recommendations provided within this report provide increased coordination intervals and
new sectionalizing points. Most of the improvements are considered minor in nature and
would bring the District’s system reliability to a higher level.

All feeders on the District’s system utilize an electronic recloser for feeder protection. All
of these controls, with the exception of Glenshire, have high current trip (HCT) and high
current lock out (HCL) enabled on the controls. Ideally, the use of HCT and HCL will trip
and lock out a recloser for a fault on the main underground feeder. Setting changes are
recommended to many of the reclosers to increase the trip levels on the HCT and HCL to
allow down line faults to be cleared by tap fuses while the feeder recloser only lock out for
a close in fault on the underground.

All recommendations were designed to be in general concurrence with planning criteria
and to ensure that no adverse impacts to the integrity of the District’s system were imposed.
The mechanical condition of the District’s plant, along with reliability of service to
members, was also factored into the recommendations for system improvement. Single
contingency outages were investigated through analysis of load flow and voltage drop
studies to address system requirements during such operating conditions.

Existing Svstem Perf
Figure 2-2-1 displays the District’s system kW demands since 1991 and projected 15 year
usage based upon historic load data and least squares statistical regression technique. The
non-coincidental peak load that was utilized for the load flow analysis was 47 MW for
existing system loads. In consideration of potential growth over the 15 year study period,
53 MW was utilized for projected 5 year growth and 57 MW was utilized for projected 15
year growth.
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Analysis of existing systems shows no substations have voltage less than 116.0 volts. This
means that in its current shape, there are very few improvements that will be required
during the next 15 years.

ANSI C84.1-2011 sets normal voltage levels for equipment on a distribution system.
Minimum service voltage set by this standard is 114.0 volts under normal operating
conditions. Service voltage is defined as the connected point between the customer and the
utility, which is considered the meter. Analysis of the District’s system consisted of voltage
drop on the primary line and did not account for voltage drop from the transformer to the
meter. A minimum voltage of 118.0 volts on the primary line allows for a 4.0 volt drop
through the transformer and secondary wire to the meter. Refer to Section 3.0, System
Planning Criteria, for voltage criteria used for system planning and other criteria.

Conductor loading over 80% was noted for the existing system in the Donner Lake service
area. At the projected fifteen (15) year loads, additional conductor overloading was also
noted in the Donner Lake service area on Feeder 1.

A single contingency load transfer of each substation was performed with existing as well
as projected 5 and 15 year loads. This single contingency assumes a loss of substation
service transferring feeders to adjacent service areas. Complete load transfer of all
substations be accomplished under peak loading conditions. The balance of the substations
could be transferred to adjacent substations; however, voltage levels fell below planning
criteria, where transformer and conductor overloading was also noted during these load
transfers.
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2.2

Recommended System

Improvements were recommended for the Electric System Master Plan which would first
improve voltage levels under peak loading conditions for both existing and projected 15
year loads. Phase balancing was also recommended for the existing system to not only
improve voltage levels but to reduce losses.

Single phase taps with greater than 30 amps of load should be considered for rebuild to
three-phase to allow for more effective phase balancing throughout the system. It was
recommended to use minimum standard conductor size of 2/0 AWG ACSR for these
rebuilds, however, local demographics may warrant the use of smaller conductors, such as 2
AWG ACSR, in areas of anticipated low growth.

The following is an overview of the major projects recommended for the District’s service
area:

e Rebuilding of the three-phase line from Davos Dr. and Northwood Blvd. at the
substation to Fjord Rd. and Northwood Blvd. This project is required to improve
voltage during transfer to Donner Lake to above 114.0 V. It will also improve loading,
as the existing conductor is over 100% loading during contingency.

e The District is interested in installing a photovoltaic system on the District headquarters
building in 2020. Not only would the District be reducing its own carbon footprint, all
of the District’s customers would benefit with a lower District complex electric bill.
Additionally, all generation would count towards the District’s renewable portfolio
requirements.

o The District has completed 4 phases of optical communication line installation. Four
additional phases are expected to be required for connection to all remaining District
facilities. At completion, there will be a redundant network to all facilities, with 2
distinct physical paths from each facility back to the main office.

e Upgrading the Truckee Substation transformers to either a set of three (3) 8.3 MVA
single-phase transformers or a 25 MVA three-phase transformer in order to provide
load transfer capability between Martis Valley and Truckee substations when Martis
Valley is cleared at 15-year loading levels.

o The District will replace all T-link expulsion fuses with ELF current limiting fuses in
Tahoe Donner by 2022.

e The District is aware of the new Solar Generation initiative affecting all future
residential construction starting in 2020. The full effects of this initiative are unknown,
but the additional Solar Generation will support system voltage levels. Additional
analysis will be necessary when this project is implemented to address power factor
correction and Solar Generation design.

TDPUD’s standard fuse manufacturer and type are Kearney Type T fuses. The Kearney

fuse has a relatively quick clearing time on a majority of the fuse sizes. It is recommended

that all taps off of the main three-phase line be fused, so as not to have an outage on a

short tap, resulting in a feeder recloser going to lock-out. For each feeder on the system,
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2.3

24

there is a fuse coordination table listed, showing maximum T fuse size to be used with up-
line reclosers. On longer taps, it is recommended that the tap be fused and additional fuses
down-line be used to increase coordination. This will not only improve reliability, but also
aid in locating faults.

It is important to fuse the single-phase taps off from the main three-phase line to improve
reliability. This is especially true on short taps where a two or three span tap with a fault
would result in the feeder seeing the blink or having an outage.

Contingency Analvsi
Using the recommended model as a basis, contingency analysis was performed. Currently
there is load transfer capability between all of the substations for individual feeders.

There are a large number of existing possible contingency options between substations,
which allows for a wide array of possible load transfers. All possible contingency options
between feeders of different substations were analyzed and projects were provided in order
to make load transfer possible in the case of a total substation outage.

Cost Summary
Table 2-4-1 through Table 2-4-4 show recommended and contingency project costs by
substation and priority year.
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2.5

Project Prioritizati

The first aspect to consider when determining a project’s priority is whether the project is
for the normal system improvement or for a contingency improvement. Normal system
improvements would have first priority over a contingency improvement. The next
consideration would be voltage levels of the system and at what year those voltage levels
fall below planning criteria. Projects required to correct voltage for a transition period or
long range period would have a lower priority than those needed to correct the existing
system. The next item to consider would be the number of customers being served in the
area requiring the project. An area with a high number of projects, although it may not have
as low of voltage as other areas, would have a higher priority.

The last item to consider would be budget constraints in completing the project. Some
systems may require a number of projects to correct existing system voltages requiring a
large portion of the overall projects be completed within the first few years of the plan.
However, this may not be feasible and would require that the projects be spread over a
number of years, even though they are required as soon as possible. In these cases, the best
approach is to try to complete projects that provide the most for your money. For example,
completing a number of three-phase projects to allow phase balancing, improving voltage
in a number of areas versus one major line rebuild.

Although the plan may prioritize projects, it is best to spread them over the planning period.
Projects may need to be prioritized due to events of construction that may occur at an earlier
time frame. For example, a project may be slated for year five, however, the county has just
informed the District that it is going to rebuild a road in that area and that the line would
need to be rebuilt, resulting in this project construction being moved up by three years.
Another example may be that a subdivision did not develop as planned and that project
may be moved back until such time that the subdivision is constructed.
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