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SYSTEM STUDY

System Study Overview

This electrical system study report addresses study methods and results of load flow analysis of the Heber Light &
Power 46 kV System. The study scope includes the Heber Light & Power 46 kV sub-transmission system. The 12.47
kV distribution portion of the system is not covered in this report, but will be studied as part of a separate report.
Substations include Midway Substation, Provo River Substation, Heber Substation, Cloyes Substation, Jailhouse
Substation and College Substation. Generators are located at Snake Creek Hydro, Lake Creek Hydro, Jordanelle
Hydro and the Heber Plant.

The primary goal of the load flow was to study system loading including during N-1 outage conditions to help the
Company to plan for future growth requirements including substation upgrades and 46 kV line upgrades.
Recommendations for system improvements have been provided.

System Models and Assumptions

To perform the load flow analysis a system computer model was developed. Model development is discussed in the
System Modeling section of this report. System model development and analysis were performed on Paladin
DesignBase 4.0 software.

System modeling data was developed from Heber Light & Power provided system data. The model is based on the
assumption that provided transformer data, generator data, system maps and data (conductor sizes, system
configurations, line lengths, etc.) are reflective of actual field conditions.

Summary

The system load flow provides insight on substation transformer loading, line loading, and system voltage drop. The
study includes analyzing N-1 outage conditions. An N-1 outage condition is the loss of a major system component
such as a section of 46 kV line. Results and recommendations are discussed in the System Load Flow Analysis and
Results section of this report.
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SYSTEM LOAD FLOW ANALYSIS AND RESULTS

System load flow studies were performed for years 2018 and 2022. Overall system load projections are based on
load projections done in 2018 by Utility Financial Solutions LLC. The load flow studies were utilized to assess line
and transformer loading conditions and system voltage conditions. Tables shown below contain projected Heber
Light & Power system load and projected peak circuit loads for years that were analyzed. The circuit and
transformer load levels shown below are based on current circuit configuration.

Heber Light & Power— Projected System Peak Load

Heber Light & Power Load

Year MW MVA
2018 44.63 MW 47.7T MVA
2022 48.86 MW 51.2 MVA
. 2018 2022
Substation Transformer Recloser Amps VA Amps VA
. MW101 87 1,885 91 1,966
Midway Transformer MW102 215 4,644 219 4,726
10/12.5/14 MVA
46 KV — 12.47 KV MW104 38 827 42 913
Sub Total 341 7,355 352 7,605
Provo River PR201 233 5,036 237 5,117
5 MVA (with fans) PR202 26 556 30 638
46 kV — 12.47 kV Sub Total 259 5,591 266 5,755
Heber T1 HB302 352 7,613 383 8,261
12/16/20 MVA HB303 114 2,462 137 2,957
46 kV —12.47 kV Sub Total 466 10,075 519 11,218
Heber T2 HB304 178 3,848 201 4,343
12/16/20 MVA HB305 79 1,710 83 1,792
46 kV —12.47 kV Sub Total 257 5,558 284 6,135
a CL401 34 737 38 829
oyes
7.5/9.375 MVA CL402 108 2,338 112 2,422
46 kV — 4.16 kV CL403 - - - -
Sub Total 142 3,075 151 3,251
. JH501 172 3,706 175 3,787
Jailhouse T1 JH503 44 954 23 1,036
10/12.5/14 MVA
46 KV — 12.47 kV JH505 6 134 30 649
Sub Total 216 4,659 223 4,823
. JH502 382 8,252 405 8,752
Jailhouse T2 JH504 145 3,136 170 3,663
12/16/20 MVA
46 KV — 12.47 kV JH505 6 124 30 649
Sub Total 527 11,389 575 12,415
College CO Circuits - - - -
(2) 12/16/120 MVA - - - - -
46 kV —12.47 kV Sub Total - - - -
Amps 2,209 - 2,371 -
Total kVA - 47,702 - 51,202
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The following table shows approximate transformer loading. The College Substation transformers are not included
in the Total City numbers due to College Substation currently being out of service. When College Substation will be
put back into service is unknown at this time. Loading on most transformers is at an acceptable level. It is not
anticipated that new substations will be required over the next five years.

The Provo River transformer is out of capacity according to nameplate rating during peak load when Snake Creek
Hydro generation is off. Transformer fans have been added that are not reflected on the nameplate which increases
the transformer capacity, but it is unknown by how much. The Provo River transformer will need to be upgraded to
a larger transformer. Until this can happen, Heber Light & Power may be able to decrease the load on the Provo
River transformer by moving load to Midway circuits. This would only be a temporary solution.

2018 2022

Substation Transfo r
ubstation ransiorme %Base % Total % Base % Total

Midway Transformer
10/12.5/14 MVA 74% 53% 76% 54%
46 kV —12.47 kV

Provo River
5 MVA (with fans) 112% 112% 115% 115%
46 kV —12.47 kV

Heber T1
12/16/20 MVA 84% 50% 93% 56%
46 kV —12.47 kV

Heber T2
12/16/20 MVA 46% 28% 51% 31%
46 KV —12.47 kV

Cloyes
7.5/9.375 MVA 41% 33% 43% 35%
46 kV —4.16 kV

Jailhouse T1
10/12.5/14 MVA 47% 33% 48% 34%
46 kV —12.47 kV

Jailhouse T2
12/16/20 MVA 95% 57% 103% 62%
46 kV —12.47 kV

College
(2) 12/16/120 MVA - - - -
46 kV — 1247 kV

Total City
(Excluding College which is 70% 47% 75% 50%
currently out of service)
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Proposed Improvements

Proposed system improvements are summarized in the following tables. A brief description and explanation of each
improvement are given. A system map showing proposed improvements is in the appendix. For a more detailed
explanation of load flow results see the Load Flow — Outage Cases section of the report.

Proposed System Improvements

Proposed Improvement

Reason/Explanation

1. Rebuild 46 kV lines with 795
ACSR or larger conductor to
improve capacity.

Outages of the North 46 kV line near Midway Substation require substations
normally fed from the North 46 kV line to be fed across a 46 kV tie line
from the South 46 kV line. The South 46 kV line and the 46 kV tie lines are
4/0 ACSR. The 4/0 ACSR line becomes overloaded during peak load in
these cases. For 2018 this is only the case if generation is also offline. By
2022 the line will be overloaded during peak load any time the North 46 kV
line near Midway substation is out of service.

The following line sections are proposed to be rebuilt:
1. South 46 kV line from Midway Substation to the Heber Plant 46
kV tie line
2. Heber Plant 46 kV tie line
3. Heber Plant to College Substation (This portion has already been
started)
4. Provo River 46 kV tie line

The portion of the line work that has been started on the line to College
Substation has 795 ACSR conductor. Heber Light & Power may want to
install a larger conductor when rebuilding the South 46 kV and tie lines.
Utility Financial Solutions, LLC created a Heber Light & Power load
forecast in 2018 that showed approximately 70 MW of load by the year
2040. Installing a 795 ACSR line would not provide any future load growth
beyond the 2040 load projection.

2. Rebuild PacifiCorp
Interconnection to improve capacity
and reliability.

The PacifiCorp Interconnection is limited by 477 ACSR conductor. By 2022
the 477 ACSR conductor will be overloaded during peak load any time
Heber Light & Power generation is offline. Any time there is an outage by
PacifiCorp the Heber Light & Power generation has to come offline because
it is not large enough to carry the Heber Light & Power load. PacifiCorp
must be able to serve Heber Light & Power’s entire load after an outage
since it takes time for Heber Light & Power Generation to be brought back
into service.

A detailed study of the PacifiCorp system that feeds Heber Light & Power
should be performed by PacifiCorp. An outage of the PacifiCorp line that
feeds Heber Light & Power will result in loss of power to the Heber Light &
Power System. Heber Light & Power is fed from a single PacifiCorp 46 kV
line out of Hales Substation. Heber Light & Power does not have enough
generation to provide power on its own. A separate 46 kV line connecting
Heber Light & Power to PacifiCorp’s Silver Creek Substation would be
required to ensure power was available during such an outage. Both
PacifiCorp lines should connect to a ring bus at the new PacifiCorp
Interconnection.

It has been proposed to move the PacifiCorp Interconnection to a new
substation location. The proposed location is shown on the system map in
the appendix.
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Proposed System Improvements

Proposed Improvement Reason/Explanation

3. Install a new 795 ACSR or larger | For a loss of the South 46 kV line to the east of Cloyes Substation there is
46 kV tie line between Jailhouse and | no way to restore power to the Jailhouse Substation.

College Substations.
It is proposed to build a new 46 kV tie line between Jailhouse Substation
and College Substation. This would create a loop so that these substations
could be fed from the North 46 kV line or the South 46 kV line.

4a. Install a larger 12/16/20 MVA Provo River transformer is out of capacity according to nameplate rating
transformer at Provo River during peak load when Snake Creek Hydro generation is off. Transformer
substation. fans have been added that are not reflected on the nameplate which

increases the transformer capacity, but it is unknown by how much.

It is proposed to replace the transformer with a larger 12/16/20 MVA

transformer.
4b. Move load from the Provo River | Until the transformer can be replaced, it is proposed that Heber Light &
Substation to Midway Substation. Power may be able to move some load to Midway circuits to help reduce the

load on the Provo River transformer. This is only a temporary solution.
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System Power Factor

Power factor for each Heber Light & Power circuit is shown below. Keeping a high power factor helps support

voltage during system peak loading and during outage conditions. The need for power factor correction becomes
more important as transformer and line loading levels increase. Improving power factor also reduces system losses.
Power factor correction was not studied as part of this report. Any power factor correction necessary will be studied

and discussed as part of a separate report studying the 12.47 kV distribution system.

Substation Transformer Recloser Power Factor

MW101 0.98

Midway Transformer MW102 0.97

MW104 0.93

. PR201 0.98

Provo River PR202 093

HB302 0.74

Heber T1 HB303 0.95

HB304 0.99

Heber T2 HB305 0.98

CL401 0.87

Cloyes CL402 0.95

CL403 -

JH501 0.98

Jailhouse T1 JH503 0.97
JH505 Assumed 0.97

JH502 0.96

Jailhouse T2 JH504 0.95
JH505 Assumed 0.97

College CO Circuits -
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Load Flow — Outage Cases

Loss of 46 kV line sections and loss of Heber Light & Power generation was considered. Load flows were ran with
46 kV line sections out of service and with Heber Light & Power generation offline. The table below lists the results
and discusses proposed system improvements. Results are based on projected peak (summer) load levels. During
winter load levels the outages would not have as great of an effect.

An outage of the PacifiCorp system that feeds Heber Light & Power will result in loss of power. There is only one
connection to the PacifiCorp 46 kV system and Heber Light & Power does not have enough generation to provide

power for the city on its own.

This study only focuses on the Heber Light & Power 46 kV system. The ability of PacifiCorp to be able to provide
power to Heber Light & Power during peak loads or outage conditions was not studied. The load flow results for the
12.47 kV distribution portion of the system will be detailed in a separate report.

The Comments/Results column of the following tables lists ways to restore load, if possible, during a line or
generation outage. It also discusses proposed solutions if the outage creates problems. This study does not address
the ability to move load from circuit to circuit at the 12.47 kV level. This will be studied in a separate report.

2018 Base Case
Line/Generation
Out of Service

Comments/Results

No Outage

System operates without issues.

Loss of all Generation

The Pacificorp Interconnection is limited by 477 ACSR conductor. This is nearing
capacity during peak load and loss of all generation.

Provo River transformer is out of capacity according to nameplate rating
during peak load when Snake Creek Hydro generation is off. Transformer fans
have been added that are not reflected on the nameplate which increases the
transformer capacity, but it is unknown by how much. The transformer will
need to be replaced. It is proposed to replace the transformer with a larger
12/16/20 MV A transformer.

Until the transformer can be replaced, Heber Light & Power may be able to
move some load to Midway circuits to help reduce the load on the Provo River
transformer. This is only a temporary solution.

Loss of the North 46 kV line
near Midway Substation

There is a tie line at the Provo River Substation that can be closed to feed the North
46 kV line from the South 46 kV line. Alternatively, there is a tie line at the Heber
Plant that can be closed to feed the North 46 kV line from the South 46 kV line.

The system can operate with this outage.

Voltage drop on the 46 kV system is more severe. Voltage regulation on the 12.47
kV side of transformers will have to tap higher to correct for this.

The South 46 kV line is 4/0 ACSR. This line is nearing capacity up to where the tie
line connects the North and South 46 kV lines.
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2018 Base Case
Line/Generation
Out of Service

Comments/Results

Loss of the North 46 kV line
near Midway Substation and
loss of all generation

There is a tie line at the Provo River Substation that can be closed to feed the North
46 kV line from the South 46 kV line. Alternatively, there is a tie line at the Heber
Plant that can be closed to feed the North 46 kV line from the South 46 kV line.

Voltage drop on the 46 kV system is very high. Voltage regulation at 12.47 kV
may not be able to correct the voltage completely.

The South 46 kV line is 4/0 ACSR. This line is overloaded up to where the tie
line connects the North and South 46 kV lines. The South 46 kV line would need
to be rebuilt with a larger conductor to allow the system to run with these
outages.

See notes above for the case of loss of all generation concerning the Provo River
transformer.

Loss of the South 46 kV line
near Midway Substation

There is a tie line at the Provo River Substation that can be closed to feed the South
46 kV line from the North 46 kV line. Alternatively, there is a tie line at the Heber
Plant that can be closed to feed the South 46 kV line from the North 46 kV line.

There are no issues running with this outage.

Loss of the South 46 kV line
near Midway Substation and
loss of all generation

There is a tie line at the Provo River Substation that can be closed to feed the South
46 kV line from the North 46 kV line. Alternatively, there is a tie line at the Heber
Plant that can be closed to feed the South 46 kV line from the North 46 kV line.

System can be run with these outages. See notes above for the case of loss of all
generation concerning the Provo River transformer.

Loss of the North 46 kV
line to the east of the tie line
at the Heber Plant

There is a 46 kV tie line at Cloyes Substation that can be closed to feed Heber and
College substations.

Voltage drop on the 46 kV system is very high. Voltage regulation at 12.47 kV
may not be able to correct the voltage completely.

The South 46 kV line is 4/0 ACSR. This line is overloaded up to Cloyes
Substation. The South 46 kV line would need to be rebuilt with a larger
conductor to allow the system to run with these outages.

Loss of the South 46 kV line
to the east of the tie line at
the Heber Plant

There is a 46 kV tie line at Cloyes Substation that can be closed to feed Cloyes and
Jailhouse substations.

There are no issues running with this outage.

Loss of the South 46 kV line
to the east of Cloyes
Substation

There is no way to restore power to Jailhouse Substation. Consider adding a
new 46 kV tie line between Jailhouse Substation and College Substation.

Loss of the 46 kV line to
College Substation

A load flow for this case was not run due to College Substation currently being
out of service. College Substation will come back into service in the future.
There will be no way to restore power to College Substation for this outage.
Consider adding a new 46 kV tie line between Jailhouse Substation and College
Substation.
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2022
Line/Generation
Out of Service

Comments/Results

No Outage

System operates without issues.

Voltage drop on the 46 kV system is higher than in the 2018 case due to the higher
loads. Voltage regulation on the 12.47 kV side of transformers will have to tap
higher to correct for this.

Loss of all Generation

The Pacificorp Interconnection is limited by 477 ACSR conductor. The 477
ACSR conductor is overloaded. The PacifiCorp Interconnection would need to
be rebuilt with a larger ampacity to allow the system to run with loss of all
generation.

Provo River transformer is out of capacity according to nameplate rating
during peak load when Snake Creek Hydro generation is off. Transformer fans
have been added that are not reflected on the nameplate which increases the
transformer capacity, but it is unknown by how much. The transformer will
need to be replaced. It is proposed to replace the transformer with a larger
12/16/20 MV A transformer.

Until the transformer can be replaced, Heber Light & Power may be able to
move some load to Midway circuits to help reduce the load on the Provo River
transformer. This is only a temporary solution.

Loss of the North 46 kV line
near Midway Substation

There is a tie line at the Provo River Substation that can be closed to feed the North
46 kV line from the South 46 kV line. Alternatively, there is a tie line at the Heber
Plant that can be closed to feed the North 46 kV line from the South 46 kV line.

Voltage drop on the 46 kV system is very high. Voltage regulation at 12.47 kV
may not be able to correct the voltage completely.

The South 46 kV line is 4/0 ACSR. This line is overloaded up to where the tie
line connects the North and South 46 kV lines. The South 46 kV line would need
to be rebuilt with a larger conductor to allow the system to run with these
outages.

Loss of the North 46 kV line
near Midway Substation and
loss of all generation

There is a tie line at the Provo River Substation that can be closed to feed the North
46 kV line from the South 46 kV line. Alternatively, there is a tie line at the Heber
Plant that can be closed to feed the North 46 kV line from the South 46 kV line.

Voltage drop on the 46 kV system is very high. Voltage regulation at 12.47 kV
may not be able to correct the voltage completely.

The PacifiCorp Interconnection is limited by 477 ACSR conductor. The 477
ACSR conductor is overloaded. The PacifiCorp Interconnection would need to
be rebuilt with a larger ampacity to allow the system to run with loss of all
generation.

The South 46 kV line is 4/0 ACSR. This line is overloaded up to where the tie
line connects the North and South 46 kV lines. The South 46 kV line would need
to be rebuilt with a larger conductor to allow the system to run with these
outages.

See notes above for the case of loss of all generation concerning the Provo River
transformer.
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2022
Line/Generation
Out of Service

Comments/Results

Loss of the South 46 kV line
near Midway Substation

There is a tie line at the Provo River Substation that can be closed to feed the South
46 kV line from the North 46 kV line. Alternatively, there is a tie line at the Heber
Plant that can be closed to feed the South 46 kV line from the North 46 kV line.

There are no issues running with this outage.

Loss of the South 46 kV line
near Midway Substation and
loss of all generation

There is a tie line at the Provo River Substation that can be closed to feed the South
46 kV line from the North 46 kV line. Alternatively, there is a tie line at the Heber
Plant that can be closed to feed the South 46 kV line from the North 46 kV line.

The PacifiCorp Interconnection is limited by 477 ACSR conductor. The 477
ACSR conductor is overloaded. The PacifiCorp Interconnection would need to
be rebuilt with a larger ampacity to allow the system to run with loss of all
generation.

See notes above for the case of loss of all generation concerning the Provo River
transformer.

Loss of the North 46 kV
line to the east of the tie line
at the Heber Plant

There is a 46 kV tie line at Cloyes Substation that can be closed to feed Heber and
College substations.

Voltage drop on the 46 kV system is very high. Voltage regulation at 12.47 kV
may not be able to correct the voltage completely.

The South 46 kV line is 4/0 ACSR. This line is overloaded up to Cloyes
Substation. The South 46 kV line would need to be rebuilt with a larger
conductor to allow the system to run with these outages.

Loss of the South 46 kV line
to the east of the tie line at
the Heber Plant

There is a 46 kV tie line at Cloyes Substation that can be closed to feed Cloyes and
Jailhouse substations.

The system can be run with this outage.

Voltage drop on the 46 kV system is very high. Voltage regulation at 12.47 kV will
have to work harder to correct the voltage.

Loss of the South 46 kV line
to the east of Cloyes
Substation

There is no way to restore power to Jailhouse Substation. Consider adding a
new 46 kV tie line between Jailhouse Substation and College Substation.

Loss of the 46 kV line to
College Substation

A load flow for this case was not run due to College Substation currently being
out of service. College Substation will come back into service in the future.
There will be no way to restore power to College Substation for this outage.
Consider adding a new 46 KV tie line between Jailhouse Substation and College
Substation.
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2022 After Improvements
Line/Generation
Out of Service

Comments/Results

No Outage

System operates without issues.

Loss of all Generation

There are no issues operating with this outage.

Loss of the North 46 kV line
out of the new PacifiCorp
Interconnection

There is a tie line at the Provo River Substation that can be closed to feed the North
46 kV line from the South 46 kV line.

There are no issues operating with this outage.

Loss of the North 46 kV line
out of the new PacifiCorp
Interconnection and loss of
all generation

There is a tie line at the Provo River Substation that can be closed to feed the North
46 kV line from the South 46 kV line. This tie line would need to be rebuilt with
larger conductor to keep it from becoming overloaded during this outage.

Loss of the South 46 kV line
out of the new PacifiCorp
Interconnection

There is a tie line at the Provo River Substation that can be closed to feed the South
46 kV line from the North 46 kV line.

There are no issues running with this outage.

Loss of the South 46 kV line
out of the new PacifiCorp
Interconnection and loss of
all generation

There is a tie line at the Provo River Substation that can be closed to feed the South
46 kV line from the North 46 kV line.

There are no issues operating with this outage.

Loss of the North 46 kV
line to the east of the tie line
at the Heber Plant

There is a 46 kV tie line between the Heber Substation and the rebuilt line to College
Substation that can be closed to feed Heber Substation.

There are no issues operating with this outage.

Loss of the South 46 kV line
to the east of the tie line at
the Heber Plant

There is a 46 kV tie line at Cloyes Substation that can be closed to feed Cloyes and
Jailhouse substations.

There are no issues operating with this outage.

Loss of the South 46 kV line
to the east of Cloyes

There is a new tie line between the Jailhouse and College Substations that can be
closed to feed Jailhouse Substation.

Substation There are no issues operating with this outage.
There is a new tie line between the Jailhouse and College Substations that can be
Loss of the 46 kV line to closed to feed College Substation.

College Substation

A load flow for this case was not run due to College Substation currently being
out of service. College Substation will come back into service in the future.
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SYSTEM MODELING

To perform a comprehensive load flow a system computer model is necessary. System modeling data was

developed from Heber Light & Power provided system data. The model is based on the assumption that provided
transformer data, generator data, system maps and data (conductor sizes, system configurations, line lengths, etc.)
are reflective of actual field conditions.

Substation transformer and generator data is shown below. Detailed model input data is shown in the appendix.

Heber Light & Power — Substation Transformer Data

Transformer MVA Rating Voltage Rating %Z @ Nominal
Midway 10/12.5/14 MVA 46-12.47 kV Delta-Gnd-Y Z1=791%
Provo River 5 MVA (with fans) 46-12.47 kV Delta-Gnd-Y 71 =6.55%
Heber T1 12/16/20 MVA 46-12.47 kV Delta-Gnd-Y Z1="17.1%
Heber T2 12/16/20 MVA 46-12.47 kV Delta-Gnd-Y Z1="17.05%
Cloyes 7.5/9.375 MVA 46-12.47 kV Delta-Gnd-Y Z1="1.17%
Jailhouse T1 10/12.5/14 MVA 46-12.47 kV Delta-Gnd-Y Z1 =8.15%
Jailhouse T2 12/16/20 MVA 46-12.47 kV Delta-Gnd-Y 71 =8.12%
College T1 12/16/20 MVA 46-12.47 kV Delta-Gnd-Y Z1="1.67%
College T2 12/16/20 MVA 46-12.47 kV Delta-Gnd-Y Z1="1.67%
Generator Generator Rating System Connection
Snake Creek Hydro 1.98 MW To circuit PR201 at 12.47 kV
Lake Creek Hydro 1.5 MW To Circuit JH502 at 12.47 kV
Jordanelle Hydro 13 MW To Circuit HB302 at 12.47 kV
Heber Plant 13.756 MW To 46 kV System
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APPENDICES

1. System Map
2. Load Flow Studies
3. Model Input Data
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APPENDIX 1 - SYSTEM MAP
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APPENDIX 3 - MODEL INPUT DATA

Intermountain Consumer Professional Engineers, Inc.
Heber City— 46 kV Load Flow Study
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