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Preface

The Public Interest Energy Research (PIER) Program supports public interest energy research
and development that will help improve the quality of life in California by bringing
environmentally safe, affordable, and reliable energy services and products to the marketplace.

The PIER Program, managed by the California Energy Commission (Commission), annually
awards up to $62 million through the Year 2001 to conduct the most promising public interest
energy research by partnering with Research, Development, and Demonstration (RD&D)
organizations, including individuals, businesses, utilities, and public or private research
institutions.

PIER funding efforts are focused on the following six RD&D program areas:

« Buildings End-Use Energy Efficiency

« Industrial/Agricultural/Water End-Use Energy Efficiency

» Renewable Energy

« Environmentally-Preferred Advanced Generation

« Energy-Related Environmental Research

- Strategic Energy Research.
In 1998, the Commission awarded approximately $17 million to 39 separate transition RD&D
projects covering the five PIER subject areas. These projects were selected to preserve the

benefits of the most promising ongoing public interest RD&D efforts conducted by investor-
owned utilities prior to the onset of electricity restructuring.

What follows is the final report for the Flexible AC Transmission Systems project, one of six
projects conducted by San Diego Gas & Electric. This project contributes to the Strategic Energy
Research program.

For more information on the PIER Program, please visit the Commission's Web site at:
http://www.energy.ca.gov/research/index.html or contact the Commission's Publications
Unit at 916-654-5200.
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Executive Summary

Environmental and regulatory concerns restrict expansion of electric power transmission
facilities. San Diego Gas & Electric (SDG&E) has long studied methods to fully use its existing
import transmission capacity and thereby delay expanding the transmission system. Presently,
SDG&E relies on off system purchases to meet system requirements.

Import capability is constrained by facility overloads and reactive power deficiencies, not by
transient or dynamic stability. By mitigating both problems, Flexible AC Transmission Systems
(FACTS) are possible means of increasing the usable capacity of existing transmission systems.
The FACTS technology offers the following advantages:

« Increase the amount of power that can be imported over existing transmission lines.

« Provide dynamic reactive power support and voltage control.

* Reduce the need for construction of new transmission lines, capacitors, reactors, etc
which

— Mitigate environmental and regulatory concerns.

— Improve aesthetics by reducing the need for construction of new facilities such as
transmission lines.

e Improve system stability.

« Control real and reactive power flow.

- Mitigate potential Sub-Synchronous Resonance problems.
SDG&E technically assessed existing and new FACTS devices as possible means of increasing its
import capability.
The FACTS devices studied included:

« Thyristor Controlled Series Capacitor (TCSC)

e Thyristor Controlled Phase Angle regulator (TCPAR)

- Static Condenser (STATCON)

« Unified Power Flow Controller (UPFC)
Results indicated that among the FACTS devices evaluated, the UPFC was the most viable
option of increasing SDG&E’s import capability.

American Electric Power installed the first UPFC unit in June 1998 at their Inez Substation in
eastern Kentucky. This FACTS unit was a 160 Million Volt Ampere (MVA) UPFC that had
operated successfully for about a year.

Representatives from SDG&E Transmission Planning and Substation Engineering sections
visited the Inez Substation and were encouraged at the results achieved by the installation of

the UPFC unit.



Objectives
The objectives of this project were to

« Toinvestigate various FACTS devices to determine which would be most appropriate
for use in the SDG&E system.

« Determine by how much a FACTS device can increase the usable capacity of the South-
of-San Onofre Nuclear Generating Station (SONGS) transmission system.

The South-of-SONGS path offers the largest increase in imports and connects SDG&E to the rest
of the Western System Coordinating Council (WSCC) to the north.

The General Electric Power Flow Program was used to model the UPFC in this study. This
report summarizes the study assumptions, methodology, criteria, and results. Detailed real and
reactive load flow studies were conducted to determine the benefits of installing FACTS devices
in order to increase SDG&E’s import capability.

Outcomes
As a result of this study, the following were determined:

« The most beneficial FACTS technology for increasing import capacity into SDG&E’s
service area is the UPFC unit

« The UPFC installed anywhere on the South-of-SONGS path can redistribute the power
flow and increase import capability into SDG&E

« Of the five locations examined in the South-of-SONGS, the installation of a UPFC on the
San Onofre - Talega 230 kilovolt (kV) lines at Talega Substation is the preferred
alternative to increase SDG&E’s import capacity.

« The installation of a FACTS device would increase the import capacity by 300 MW (i.e.
by 12%) and delay the construction of additional transmission lines or generating
capacity.

Conclusions

« This technology alone probably could not replace the future transmission and
generation projects needed to meet load growth. The FACTS technology must be
compared with that at conventional facilities on a case by case basis to determine if it
would be a viable alternative.

« While this study demonstrated the potential benefits of FACTS technology, the results
are still preliminary. Subsequent studies may provide different results.



Recommendations
« Conduct additional research to assess the impact of the UPFC on the SDG&E import
capability taking into account recent changes in the South-of-SONGS transmission
system, made to accommodate the rapid load growth within the SDG&E’s system.

Install a UPFC in the location recommended by the new study as a demonstration
and research project.

Demonstrate the ability of a UPFC unit to be shared by two parallel lines to re-direct
flow in order to prevent line overloading.

Seek co-funding of this project from various entities such as the California Energy
Commission, the Department of Energy (DOE), the Electric Power Research Institute
(EPRI), UPFC manufacturers, various electric utilities, etc.






Abstract

This project investigated the benefits of installing Flexible AC Transmission Systems (FACTS)
devices in the San Diego Gas & Electric (SDG&E) transmission network. This study focused on
the technical assessment of existing and new FACTS devices to improve SDG&E’s import
capability. SDG&E investigated the benefits of a number of FACTS devices, including Static
Synchronous Series Compensators (SSSC), Thyristor-Controlled Phase Angle Regulator (TCPAR),
Static Condensers (STATCON), and Unified Power Flow Controllers (UPFC). Study results
indicate that among the FACTS devices evaluated, the UPFC was the most viable option for
SDG&E to explore the potential to increase its import capability. The impact of a UPFC on
SDG&E’s transmission system was studied on 230 kilovolt (kV) lines at five different locations
on the south of San Onofre Nuclear Generating Station path. An economic evaluation was
performed to provide a comparison between five UPFC alternative sites. The preferred site was
on the San Onofre - Talega 230 kV lines at the Talega Substation. The UPFC could also provide
dynamic reactive power support.

In parallel with this research effort, the SDG&E transmission Capital Budget Project studies
identified cost effective transmission projects to increase SDG&E’s import capability to respond
to the rapid load growth in the system. Several capital budget projects were recently approved
that will change the South-of-SONGS transmission system configuration. In addition, voltage
support projects were installed to meet significantly higher loads forecasted for the summers of
1999 and 2000 by increasing import capability into SDG&E. These changes will alter the
findings of this study on the impact of FACTS devices on the SDG&E transmission system.
Additional studies are necessary to accurately determine the impact of a UPFC on the SDG&E
system.






1.0 Introduction

Because of a variety of environmental and regulatory concerns, the expansion of electric power
transmission facilities in the United States in general, and in San Diego County in particular, is
restricted. San Diego Gas & Electric (SDG&E) would benefit if it could increase its import power
capability while being able to delay the construction of new transmission lines.

SDG&E has three major points of interconnection: the San Onofre Nuclear Generating Station
(SONGS), the Miguel substation, and the Imperial Valley substation. To meet system
requirements SDG&E uses off-system purchases which are delivered to the interconnection
points.

Additional import capability, beyond the present 2,450 megawatt (MW) limit, will be needed in
the near future both to meet system requirements and to provide adequate margin. Since no
new internal generation addition is planned, reliance on remote power resources requires
improvement in SDG&E’s import capability.

Import capability is constrained by facility overloads and reactive power deficiencies, not by
transient or dynamic stability. Flexible AC Transmission Systems (FACTS) can be used to
mitigate both problems.

1.1 The FACTS Technology

The term FACTS describes a wide range of controllers, many of which incorporate large power
electronic converters, that can increase the flexibility of power systems making them more
controllable. Some of these are already well established while some are still in the research or
development stage.

In general, FACTS devices possess the following technological attributes:

« Provide dynamic reactive power support and voltage control.

* Reduce the need for construction of new transmission lines, capacitors, reactors, etc
which

— Mitigate environmental and regulatory concerns.

— Improve aesthetics by reducing the need for construction of new facilities such as
transmission lines.

e Improve system stability.

« Control real and reactive power flow.

- Mitigate potential Sub-Synchronous Resonance problems.
To determine which FACTS device would be the most beneficial, SDG&E examined the
following devices:

« Thyristor Controlled Series Capacitor (TCSC)

e Thyristor Controlled Phase Angle regulator (TCPAR)

- Static Condenser (STATCON)

« Unified Power Flow Controller (UPFC)



While TCSC provides dynamic control of the series compensated lines, which could increase
transfer capability, it could not be used to increase SDG&E’s import capability because the
South-of-SONGS path does not have any series capacitors.

A TCPAR, is equivalent to a mechanically phase shifting transformer but unlike a UPFC it does
not provide controlled reactive power generation. The TCPAR could not be used since the
South-of-SONGS lines do not have a phase shifting transformer.

Since a STATCON mainly provides dynamic reactive power to the SDG&E system but as it does
not directly control the flow of real power on a transmission line it was not considered.

A UPFC, by providing a combination of real and reactive power control, appeared to be the
most useful FACTS device for the SDG&E system. It could potentially control power flow on
the South-of-SONGS line, reduce the number of lines that can be overloaded, and potentially
provide dynamic reactive power control during contingencies.

Simulation results show that at an import level of 2,450 MW, the worst contingency limiting the
SDG&E simultaneous import capability is the loss of the Imperial Valley - Miguel 500 kilovolt
(kV) and the subsequent loss of Imperial Valley - La Rosita 230 kV lines. The loss of these lines
causes overloading of the South-of-SONGS lines.

Installation of a UPFC on any one of the South-of-SONGS lines may allow redistribution of the
power flow on the lines, increasing the total South-of-SONGS path flow.

Additional reactive power support is needed for import levels above 2,450 MW. The
STATCON, which is the shunt element of the UPFC, can provide this reactive power in a
dynamic form.

Additional information regarding FACTS devices can be found in the titles and publications
listed in Appendix G.

High-Voltage DC Transmission and Static Var Compensators are examples of power electronic
systems (i.e. FACTS devices) that are already well established. There are other ways to
configure power electronic components to aid AC power transmission. The initial development
techniques for many power electronic devices have been proven in numbers of variable speed
motor drive installations. Presently these techniques are being applied to equipment having
higher power ratings; i.e., capable of being installed within utility transmission and distribution
systems.



1.2 Project Objectives

The UPFC can be installed on one or any combination of the South-of-SONGS lines. Simulation
tests were set up to examine and compare the benefits of the UPFC on each of the South-of-
SONGS lines. The studies were conducted for five alternatives.

The objectives of this project were to

« Toinvestigate various FACTS devices to determine which would be most appropriate
for use in the SDG&E system.

« Determine by how much a FACTS device could increase the usable capacity of the
South-of-San Onofre Nuclear Generating Station (SONGS) transmission system.

The South-of-SONGS path offers the largest increase in imports and connects SDG&E to the rest
of the Western System Coordinating Council (WSCC) to the north. Currently the existing South-
of-SONGS transmission lines can deliver 1800 MW (with all lines in-service) out of a maximum
capacity of 2978 MW.
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2.0 Project Approach

2.1 General Electric Power Flow Program

The General Electric Power Flow Program was used to model the UPFC in this study. This
report summarizes the study assumptions, methodology, criteria, and results. Detailed load
flow and reactive power flow studies were conducted to determine the benefits of installing
FACTS devices in order to increase SDG&E’s import capability.

2.2 The 2003 Load Flow Base Case

This project was based on the Western Systems Coordinating Council (WSCC) 03HS2A case
built in 1997. Appendix B lists the load flow data for this case. After resource analysis, SDG&E
chose a 2003 base case because it represents the approximate time, depending on load growth,
when additional import capability will be needed in the SDG&E system.

However, the SDG&E Annual Assessment has determined that additional system changes will
be necessary to allow increased imports. These changes were proposed after this project started
and the base case developed

Several changes were made to update this case based on the most recent information available.
The significant changes made were:
« The SDG&E distribution system was replaced by a more recent representation. .

e The loads in the Los Angeles Department of Water and Power (LADWP), Southern
California Edison (SCE), and Arizona Public Service (APS) control areas were adjusted
to 2003 levels based on the most recent load forecasts.

« The Adelanto-Lugo 500 kV line project was removed.
« Palo Verde units were assumed to be on-line.
« SDG&E’s generation was adjusted.

SDG&E’s net imports were increased to their maximum, about 2,450 MW with 0 MW export to
Comision Federal De Electricidad (CFE), Mexico.

11



Table 1 illustrates the assumptions used in the 2,003 base case. SDG&E prepared a second base
case by removing one San Onofre unit. This case was used to examine voltage problems.

Table 1. Assumptions in the 2003 base case

2003 Base Case Data ‘

SDG&E Load (MW) 4,204
SDG&E Import (MW) 2,450
SDG&E Generation (MW) 1,754
EOR*(MW) 4,146
COF(MW) 2,795
PDCI® (MW) 2,400
IPPDC* (MW) 1,800
Notes:

1. East-of-the-River

2. California-Oregon Intertie

3. Pacific Direct Current Intertie

4. Intermountain Power Plant Direct Current

Table 2 shows the existing continuous and emergency ratings for the South-of-SONGS lines
represented in the base case:

Table 2. Continuous and Emergency Ratings

South of SONGS Line Ratings (Amps)

Line Continuous Rating Emergency Rating
San Onofre - Talega 1 230 kV Line 1,145 1,450
San Onofre - Talega 2 230 kV Line 1,145 1,450
San Onofre - Encina 230 kV Line 2,000 2,290
San Onofre - San Luis Rey Tap 230 kV Line 2,000 2,290
San Luis Rey Tap — Mission 230 kV Line 1,145 None
San Onofre - Mission 230 kV Line 1,145 None

12



2.3 The South of SONGS Path

SDG&E wholly owns the South-of-SONGS path. This path consists of five 230 kV lines
extending from the San Onofre 230 kV Substation into the SDG&E control area territory (Figure
1). The lines terminate at the following SDG&E substations:

e Two lines extend to the Talega Substation.
« One line extends to the Encina Substation.

« Two lines—one of which is tapped to the San Luis Rey Substation--extend to the Mission
Substation.

SDG&E imports power from the north and the east through two main interconnections, the
South-of-SONGS 230 kV lines and the Southwest Power Link (SWPL) at the Miguel and
Imperial Valley substations. These interconnections constitute two parallel paths between
generation resources and the SDG&E area load. If the SWPL is out-of service, the South-of-
SONGS path can carry 1,900 MW. This rating, only valid when a segment of the SWPL is out of
service, allows SDG&E to meet its future load projections. The current rating of South-of-
SONGS lines is 1,800 MW during normal conditions.

13
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2.4 Simultaneous Import Limit

The existing SDG&E simultaneous import limit is depicted by a nomogram (Appendix D). The
nomogram defines the simultaneous import capability of the South of SONGS and SWPL paths.

The nomogram approximates the boundary of reliable system import conditions, assuming all
transmission and generation is available. System operation will normally be within the
envelope defined by the nomogram.

The import nomogram can be summarized as follows:

« The existing SDG&E usable simultaneous import capability is 2,450 MW.

e Imports from the north (homogram limits along the upper edge of the nomogram) are
limited by the South-of-SONGS Path Rating.

« Simultaneous imports, shown as diagonal lines on the nomogram, are limited by the
thermal rating of Tie Line (TL) 609 (Kettner 69kV - Station B 69 kV) and TL 13,835C (San
Mateo Tap 138 kV - San Mateo 138 kV) for the outage of TL 5,000 (Imperial Valley —
Miguel 500kV) with subsequent overload tripping of TL 23,050 (Imperial Valley - La
Rosita 230 kV).

« The South-of-San Onofre imports on the vertical axis of the nomogram include both off-
system imports from the north and SDG&E's share of the SONGS output. The Miguel
imports on the horizontal axis of the nomogram include the interchange with CFE
(Mexico) and imports across the SWPL measured at the Miguel 230 kV bus.

« Imports from the SWPL are usually restricted by transmission entitlements more than by
system capability. In cooperation with CFE (Mexico), SDG&E has implemented
operating procedures and relaying to ensure that the CFE 230 kV system will not
overload with the loss of TL 50,001 (Imperial Valley - Miguel).

The nomograms also provide operators and resource schedulers with an indication of wholesale
power transactions and transmission service that can be accommodated by the SDG&E
transmission system.

2.5 Non-Simultaneous Import Limit

SDG&E’s transmission system has a non-simultaneous import limit at San Onofre whenever
any segment of the SWPL is out of service. As part of this study, cases were run to determine if
the non-simultaneous import limit could be increased with the installation of FACTS projects.
Currently, the south of San Onofre has a dual rating of 1,800/1,900 MW. The 1,800 MW rating is
applicable under normal conditions. The 1,900 MW rating is applicable only for times when any
segment of the Southwest Power-Link is out of service for any reason. The 1,900 MW limit is
based on loss of SONGS-Talega #1 230 kV line causing overload of SONGS-Talega #2 230 kV
line. The study results indicate that this limit could potentially be increased by installation of
the FACTS project.

15



2.6 Unified Power Flow Controllers (UPFC)

The use of a solid-state phase shifter using the inverter-based synchronous voltage source
approach, along with a series solid-state synchronous compensator, represents a fundamentally
different approach to transmission angle control. The basic principles of angle control by this
method are discussed within the broader concept of the UPFC that can be operated as an ideal
phase shifter.

2.6.1 The UPFC Principle of Operation

To understand the UPFC principle of operation, the generalized series synchronous
compensator, implemented by a DC to AC inverter with an energy storage device, must be
examined (Figure 2). Assume that the injected voltage (Vpg) in series with the line can be
controlled without restrictions. This can be achieved if the DC energy storage has an infinite
capacity.

AT THE AC TERMINAL

Voq
L —H lioad ABSORBS P SUPPLIES P
ine ABSORBS Q ABSORBS Q
Insertion
Transformer
AC Terminal
Iload ABSORBS P SUPPLIES P
SUPPLIES Q SUPPLIES Q
MULTI-PULSE
INVERTER
AT THE DC TERMINAL
b Yae | -DC Terminal I
| o« ot Ve
dc - —
ABSORBS P SUPPLIES P
ENERGY (POSITIVE RESISTANCE | (NEGATIVE RESISTANCE
STORAGE FOR THE AC SYSTEM) FOR THE AC SYSTEM)

Figure 2. Generalized Series-Connected Synchronous Voltage Source
(a) Employing a multi-pulse inverter with an energy storage device and
(b) Possible operating modes for reactive and real power exchange.

The phase angle of phasor Vpq can thus be chosen independently of the line current between 0
and 2ntwith a magnitude which is variable between zero and a defined maximum value Vpgmax.
This implies that the synchronous voltage source Vpq must be able to generate and absorb both
real and reactive power. The reactive power is, therefore, internally generated or absorbed by
the inverter. However, the real power is supplied from, or absorbed by, the DC energy storage
device.
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The generalized series synchronous compensator can achieve all basic power flow control
functions by adding an appropriate voltage phasor Vyq to the terminal voltage phase V, (Figure
3). The phasor Vpq can be synthesized for V, the voltage magnitude, V. the series impedance
compensation and Vg4 the phase shift.

(a) (b)

Vo

Figure 3. Phasor Diagram lllustrating General Concept of Series Voltage Injection
(a) Attainable power flow control functions, (b) terminal voltage regulation, (c) terminal voltage
and line impedance regulation, and (d) terminal voltage and phase-angle regulation.
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By appropriate control of Vg, the following basic power flow controls are accomplished.

- Terminal voltage regulation.
« Combined series line compensation and terminal voltage control.
- Combined phase angle regulation and terminal voltage control.

« Combined terminal voltage regulation and series line compensation and phase angle
regulation (Figure 4).

Figure 4. Phasor Diagram
Illustrating the simultaneous regulation of terminal voltage, line impedance, and phase-angle

by appropriate series voltage injection.

18



The concept of unrestricted series voltage injection, via the use of a solid-state synchronous
voltage source, opens up new possibilities of power flow control. This approach allows not only
the combined application of phase angle control with controllable series reactive compensation
and voltage regulation, but real-time mode transition. In this way particular system
contingencies can be handled more effectively. For example, series reactive compensation could
be replace by phase-angle control or vice versa. Thus the approach provides considerable
operating flexibility.

The generalized voltage injection, which allows the variation of the angle of the injected voltage
through a full 360 degrees as well as simultaneous control of magnitude, makes it possible to
control both the magnitude and the angle of the line current. This makes independent control of
the real and reactive power flow in the transmission line possible.

The generalized series compensator with an infinite energy source can be implemented by two
AC to DC inverters operated from a common DC link capacitor (Figure 5). This implementation
is the UPFC, which in addition to the above power flow control functions also provides
controllable reactive shunt compensation.
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Figure 5. Unified Power Flow Controller
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One inverter is in series and the other is in shunt with the transmission line. Inverter 2 in the
arrangement shown (Figure 5) is used to generate voltage Vpq(t) = Vpgsin(wt-ayg) at the
fundamental frequency (w) with variable amplitude (0<Vpq<Vpgmax) and phase angle (0<apg<21)
which is added to the AC system terminal voltage vo(t) by the series connected coupling
transformer.

The inverter output voltage injected in series with the line acts essentially as an AC voltage
source. The current flowing through the injected voltage source is the transmission line current.
The VA rating of the injected voltage source Inverter 2 is determined by the product of the
maximum injected voltage and the maximum line current at which power flow control is still
provided.

Inverter 1, connected in shunt with the AC power system via a coupling transformer, is used
primarily to provide the real power demand of Inverter 2 at the common DC link. It is
important to note that Inverter 2 itself generates the reactive power demand corresponding to
the series voltage injection and, therefore, the transmission system is not burdened by reactive
power flow due to the operation of the UPFC.

Inverter 1 can also generate or absorb reactive power at its AC terminal, independently of the
real power it transfers to or from the DC terminal. This allows it, with proper controls, to fulfill
the function of an independent STATCOM providing reactive power compensation for the
transmission line and thus executing an indirect voltage regulation at the input terminal of the
UPFC.

The internal control is structured to accept externally derived reference signals, the order of
priority of which can be pre-selected for the desired reactive shunt compensation, series
compensation, transmission angle and output voltage. These reference signals are used in
closed control loops to force the inverters to produce the AC voltages at the input, shunt
connected, terminals and output, series-connected, terminals of the power flow controller to
establish the desired transmission parameters.

The control also maintains the necessary DC link voltage and ensures smooth real power
transfer between the two inverters. If the UPFC is operated only with the phase angle reference
input, it automatically becomes a perfect phase shifter. Besides controlling the customary
transmission parameters, voltage, impedance, and angle, the UPFC can also be set to
independently regulate the real and reactive power flow in the line by directly controlling the
magnitude and angle of the line current.

The UPFC is an extremely powerful and versatile device for power flow control. The capability
of changing all transmission parameters affecting power flow simultaneously and the rapid,
almost instantaneous response, makes it suitable for many applications requiring effective
steady state power flow control and transient and dynamic stability improvement.
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2.7 The UPFC Model

This project primarily applied the UPFC to control power flow and to provide dynamic reactive
power support during steady state normal and contingency conditions. To realistically
represent a UPFC in power flow studies, the model needs to have the following settings and
characteristics:

» Set desired real and reactive power flows by the series element

» Set desired terminal voltage/reactive power by the shunt element

« Set zero net real power for the whole device

« Impose limits on the magnitude of the AC voltage inserted by the series element
« Impose limit on the angle of the AC voltage inserted by the series element

« Impose limit on the AC current of the series element

« Impose limit on the AC current of the shunt element

SDG&E used the General Electric Power Flow Version 10.1 program to model the UPFC. A
phase shifting transformer was used in series with the transmission line under study to control
real power flow on the line. The phase shifter would be the equivalent of the series element
controlling the phase angle on the line. A STATCON was used to represent the shunt element
by controlling the bus voltage to which it is connected.

2.8 Alternative Installation Models

To fully examine the benefits of installing a UPFC in the their system, SDG&E considered five
alternative locations to model. A total of 208 contingencies were run for the 2003 case with a
load level of 4,209 MW, including transmission system losses, and various SDG&E import
levels.

For each alternative, SDG&E examined simultaneous import levels of 2,450 MW, 2,650 MW, and
2,750 MW and non-simultaneous import limits of 1,900 MW, 2,150 MW, and 2,250 MW for
overload and voltage problems. Overload and voltage problems were also examined for each
alternative with one San Onofre unit out of service.
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2.8.1 Alternative 1 — The San Onofre - Talega #1 or #2 230 kV Line

SDG&E installed a UPFC to control either the San Onofre - Talega #1 or #2 230 kV Line at the
Talega Substation (Figure 6). We installed the series element of the UPFC in a three breaker
ring. It would control the flow on the San Onofre - Talega #1 Line during normal and
contingency conditions (Figure 7).

SDG&E connected the shunt element of the UPFC to the Talega 230 kV bus. The shunt element
is used to continuously provide the required reactive power support during normal and
contingency conditions.

If the San Onofre - Talega #1 Line is out of service for maintenance, the series element of the
UPFC can be switched to control the flow on the San Onofre - Talega #2 line. If the San Onofre -
Talega Line #1 trips due to a forced outage, the series element of UPFC switches automatically
to control the flow on the San Onofre - Talega #2 Line.

The UPFC has approximately 20 percent of short-term overload capability compared to a Static
Var Controller (SVC) which does not have any overload capability. The UPFC also absorbs
reactive power and, therefore, acts like a generator.
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2.8.2 Alternative 2 — The San Onofre - Encina 230 kV Line

SDG&E installed a UPFC on the San Onofre - Encina 230 kV Line at the Encina Substation
(Figure 8). We installed the series element of the UPFC in a three-breaker ring. It would control
the flow on the San Onofre - Encina 230 kV Line during normal and contingency conditions.
The shunt element of the UPFC, used to continuously provide the required reactive power
support during normal and contingency conditions, is connected to the Encina 230 kV bus.
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Figure 8. UPFC on the San Onofre - Encina 230 kV Line

25



2.8.3 Alternative 3 — The San Onofre - Mission 230 kV Line

SDG&E installed a UPFC on the San Onofre - Mission 2 230 kV Line at the Mission Substation
(Figure 9). We installed the series element of the UPFC in a three-breaker ring. It would control
the flow on the San Onofre - Mission Line during normal and contingency conditions. The
shunt element of the UPFC is connected to the Mission 230 kV bus.

The shunt element is used to continuously provide the required reactive power support during
normal and contingency conditions. If the San Onofre - Mission Line is out of service then the
series element of the UPFC can be switched to control the flow on the San Onofre - San Luis Rey
- Mission 230 kV Line and vice versa. If the San Onofre - Mission Line trips, the series element
of UPFC is switched to control the flow on the San Onofre - San Luis Rey - Mission 230 kV Line.
Whenever either the San Onofre - Mission 230 kV Line or the San Onofre - San Luis Rey -
Mission 230 kV Line is out of service for maintenance, the UPFC can be used to control the flow
on the other line.
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Figure 9. UPFC on the San Onofre - Mission 230 kV Line
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284 Alternative 4 —The San Onofre - San Luis Rey Tap- Mission 230 kV Line

In this alternative, a UPFC is installed on the San Onofre - San Luis Rey Tap -Mission 230 kV
Line at the Mission Substation (Figure 10). The series element of the UPFC is installed in a three
breaker ring and will control the flow on the San Onofre - San Luis Rey Tap -Mission 230 kV
Line during normal and contingency conditions. The shunt element of the UPFC is connected to
the Mission 230 kV bus. The shunt element is utilized to continuously provide the required
reactive power support during normal and contingency conditions. If the San Onofre - San Luis
Rey Tap - Mission Line is out of service, then the series element of the UPFC can be switched to
control the flow on the San Onofre - San Luis Rey - Mission 230 kV Line and vice versa. Also,
whenever either the San Onofre - Mission 230 kV Line or the San Onofre - San Luis Rey -
Mission 230 kV Line is out of service for maintenance, the UPFC can be utilized to control the
flow on the other line.
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Figure 10. UPFC on the San Onofre - San Luis Rey Tap- Mission 230 kV Line
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2.85 Alternative 5 — San Onofre - Mission and San Onofre - Talega 230 kV Lines

By conducting power flow studies SDG&E examined the benefits of installing two UPFCs on
the San Onofre - Mission and San Onofre - Talega 230 kV Lines (Figure 11) to determine if this
alternative would result in the elimination of many overloads.
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Figure 11. UPFC on the San Onofre - Mission & San Onofre - Talega 230 kV Lines
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2.9 Project Outcomes

SDG&E conducted real and reactive power flow studies for steady state and contingency
conditions for each of the five alternative installations. We also conducted economic analyses to
determine the most economical location for installation of the UPFC.

Power flow runs examined the line overloads and voltage profiles following a contingency.
SDG&E simulated all single and credible multiple (i.e. contingencies involving three or more
elements) contingencies for the study. The project examined the reactive power requirements
and voltage profile following the worst contingency.

The function of the UPFC was to maximize the flow on the line and maintain a 1.0 per unit (pu)
voltage at the substation. To examine the benefits of the UPFC, SDG&E increased the import
capability by 300 megawatts (MW) from the present value of 2,450 MW to 2,750 MW and the
non-simultaneous import capability by 250 MW from the present value of 1,900 MW to 2,150
MW.

SDG&E then ran power flow studies for the cases with the UPFC and compared the overload
and reactive power support requirements.

Outcomes
The following general outcomes resulted from this study:

« The most beneficial FACTS technology for increasing import capacity into SDG&E’s
service area is the UPFC unit

« The UPFC installed anywhere on the South-of-SONGS path can redistribute the power
flow and increase import capability into SDG&E

« Of the five locations examined in the South-of-SONGS, the installation of a UPFC on the
San Onofre - Talega 230 kilovolt (kV) lines at Talega Substation is the preferred
alternative to increase SDG&E’s import capacity.

« The installation of a FACTS device would increase the import capacity by 300 MW (i.e.
by 12 percent) and delay the construction of additional transmission lines or generating
capacity.

Outcomes for each alternative are discussed in the following pages. They are also summarized
in various tables in Appendix E. This appendix contains a one line diagram of computer
simulations for determining the required reactive power support to maintain the bus voltage to
which the UPFC is connected at 1.0 pu.
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Table 3 summarizes information contained in Appendix E tables.

Table 3. Appendix E Table Information

Table Information

Table E.1 Overloads for each alternative for each import level.

Table E.2 Buses with voltage less than 0.90 pu for each alternative

Table E.3 Buses with voltage deviation greater than 5% for each
alternative.

Table E.4 Buses with voltage less than 0.90 pu for each alternative for
the case with San Onofre unit down

Table E.5 Buses with voltage deviation greater than 5% for each
alternative for the case with one San Onofre unit down.

Table E.6 Overloads identified and their cost estimate for all alternatives

Table E.7 The capital cost estimate for each alternative examined

29.1 Alternative 1 — The San Onofre - Talega 1 or 2 230 kV Line

SDG&E set the UPFC to control the flow on the San Onofre - Talega #1 230 kilovolt (kV) Line to
the maximum emergency limit of 1,450 amps. The required size of the UPFC was 85 MVA.
Table 4 shows required system upgrades and their associated costs.

SDG&E conducted contingency runs for the case with one San Onofre unit out of service and
loss of the Imperial Valley — Miguel 500 kV and Imperial Valley — La Rosita 230 kV lines. They
showed that 625 Millions of Volt Ampere Reactive (Mvars) of reactive power support would be
needed to maintain a voltage of 1.0 pu at the Talega 230 kV bus.

Table 4. System Upgrades for Alternative 1

System Upgrades Estimated Cost ($M)

Install a 85 MVA UPFC at Talega Substation (series element) $3.4
Install a 85 MVA UPFC at Talega Substation (shunt element) $3.4
Transmission Reinforcements $16.6
Substation Costs $2.0
Total $25.4
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29.2 Alternative 2 — The San Onofre - Encina 230 kV Line

SDG&E set the UPFC to control the flow on the San Onofre - Encina 230 kV Line to the
maximum emergency limit of 2,290 amps. The required size of the UPFC was 385 MVA. Table 5
shows required system upgrades and their associated costs.

Compared with Alternative 1, Alternative 2 eliminated one overload but produced several new
overloads (Appendix E).

SDG&E conducted contingency runs for the case with one San Onofre unit out of service and
the loss of the Imperial Valley — Miguel 500 kV and Imperial Valley — La Rosita 230 kV lines.
They showed that 542 Mvars of reactive power support would be needed to maintain a voltage
of 1.0 pu at the Talega 230 kV bus.

Table 5. System Upgrades for Alternative 2

System Upgrades Estimated Cost ($M)

Install a 385 MVA UPFC at Encina Substation (series element) $15.4
Install a 85 Mvar UPFC at Encina Substation (shunt element) $3.4
Transmission Reinforcements $36.6
Substation Costs $2.0
Total $57.4

293 Alternative 3 — The San Onofre - Mission 230 kV Line

SDG&E set the UPFC to control the flow on the San Onofre - Mission 230 kV Line to the
maximum limit of 1,145 amps. The required size of the UPFC was 174 MVA. Table 6 shows
required system upgrades and their associated costs.

Compared with Alternative 1, Alternative 3 eliminated several overloads and created several
new overloads (Appendix E).

SDG&E conducted contingency runs for the case with one San Onofre unit out of service and
loss of the Imperial Valley — Miguel 500 kV and Imperial Valley — La Rosita 230 kV lines. They
showed that 670 Mvars of reactive power support would be needed to maintain a voltage of 1.0
pu at the Talega 230 kV bus.

Table 6. System Upgrades for Alternative 3

System Upgrades Estimated Cost ($M)

Install a 174 MVA UPFC at Mission Substation (series element) $6.9
Install a 85 MVAR UPFC at Mission Substation (shunt element) $3.4
Transmission Reinforcements $28.6
Substation Costs $2.0
Total $40.9
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294 Alternative 4 — The San Onofre - San Luis Rey Tap - Mission 230 kV Line.

SDG&E set the UPFC to control the flow on the San Onofre - Mission 230 kV Line to the
maximum limit of 1,145 amps . . The required size of the UPFC was 28 MVA. Table 7 shows
required system upgrades and their associated costs.

Compared with Alternative 1, Alternative 4 eliminated several overloads and created several
new overloads (Appendix E).

SDG&E conducted contingency runs for the case with one San Onofre unit out of service and
loss of the Imperial Valley — Miguel 500 kV and Imperial Valley — La Rosita 230 kV lines. They
showed that 528 Mvars of reactive power support would be needed to maintain a voltage of 1.0
pu at the Talega 230 kV bus.

Table 7. System Upgrades for Alternative 4

System Upgrades Estimated Cost ($M)

Install a 28 MVA UPFC at Mission Substation $1.1
Install a 85 Mvar UPFC at Mission Substation (shunt element) $3.4
Transmission Reinforcements $34.6
Substation Costs $2.0
Total $41.1
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2.9.5 Alternative 5 — The San Onofre - Mission and San Onofre - Talega 230 kV Lines.

SDG&E examined the benefits of installing two UPFCs on the San Onofre - Mission and San
Onofre - Talega 230 kV Lines. We set the UPFC at Mission to control the flow on the San Onofre
- Mission 2,30 kV Line to the maximum limit of 1,145 amps and the UPFC at Talega to control
the flow on the San Onofre - Talega #1 230 kV Line to the maximum emergency limit of 1,450
amps. The required sizes of the Talega UPFC and Mission were 85 MVA and 174 MVA,
respectively. Table 8 shows required system upgrades and their associated costs.

This alternative limited several overloads but also produced new overloads.

SDG&E conducted contingency runs for the case with one San Onofre unit out of service and
loss of the Imperial Valley — Miguel 500 kV and Imperial Valley — La Rosita 230 kV lines. They
show that 485 Mvars and 503 Mvars of reactive power support would be needed to maintain a
voltage of 1.0 pu at the Mission 230 kV bus and Talega 230 KV bus, respectively.

Table 8. System Upgrades for Alternative 5

System Upgrades Estimated Cost ($M)

Install a 174 MVA UPFC at Mission Substation (series element) $6.9
Install a 85 MVA UPFC at Talega Substation (series element) $3.4
Install a 85 Mvar UPFC at Mission Substation (shunt element) $3.4
Install a 85 Mvar UPFC at Mission Substation (shunt element) $3.4
Transmission Reinforcements $17.2
Substation Costs $4.0
Total $38.3
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2.10 Summary of Alternatives

Table 9 summarizes the information for the five alternatives.

Table 9. Summary of Data for Alternatives

ALTERNATIVES
San San
Onofre — | Onofre --
Mission Talega
Max. Import 2750 2750 2750 2750 2750 2750
Capability
UPFC Size 85 MVA 385 MVA | 174 MVA 28 MVA 85 MVA | 174 MVA
Reactive Power 625 542 670 528 485 503
MVARS MVARS MVARS MVARS MVARS MVARS
Cost of Upgrades $25.4 $57.4 $40.9 $41.1 $38.3 Million
Million Million Million Million
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2.11 Economic Analysis

To calculate costs, the reactive power support requirements were compared to Alternative 1 and
the reactive power requirements for Alternatives 2 through 5 were assumed to be the same as
for Alternative 1.

To compare the costs of the five alternatives, SDG&E assumed the cost for a SVC unit and the
series or shunt element of the UPFC to be $40,000 per Million Volt Ampere (MVA). We based
this figure on information provided by the Electric Power Research Institute (EPRI) and
American Electric Power.

SDG&E conducted Discounted Cash Flow (DCF) analyses for the five alternatives (Appendix F).
From discussions of each alternative and comparing Net Present Value for each, it was evident
that Alternative 1 was the preferred for increasing the SDG&E import capability. SDG&E
assumed that all expenditures would occur in the year 2003. The results of the DCF analyses for
each alternative are summarized in Table 8.

Alternative 1, installation of an 85 MVA Unified Power Flow Controller (UPFC) on the San
Onofre - Talega 230 kV lines, is the most economic alternative for a demonstration project to test
the UPFC’s effect on SDG&E’s import capability (Table 10). The proposed installation of this
UPFC at Talega has a payback period of 13 years.

Table 10. Discounted Cash Flow Analysis Results

Payback
Alternative Net Present Value (NPV) Period
Alternative 1 - UPFC at Talega $14.7 million 13 years
Alternative 2 - UPFC at Encina $10.7 million No payback
Alternative 3 - UPFC at Mission $6.9 million 25 years
Alternative 4 - UPFC at Mission $6.7 million 25 years
Alternative 5 - UPFC at Talega & Mission $9.6 million 22 years
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3.0 Conclusions and Recommendations
This project’s objectives were to:

« Investigate the ability of FACTS devices, such as the Static Synchronous Series
Compensator (SSSC), Thyristor-Controlled Phase Angle Regulator (TCPAR), and Unified
Power Flow Controllers (UPFC), to increase SDG&E’s import capability.

- Determine if a FACTS device was capable of increasing the usable capacity of the
existing South-of-SONGS transmission system.

Results indicated that among the FACTS devices evaluated, the UPFC was a possible alternative
for SDG&E to explore to increase its import capability.

3.1 Conclusions

While FACTS devices could be useful to the SDG&E system, there is no indication that this
technology alone could replace future transmission and generation projects needed to meet load
growth. The technical and economic benefits of FACTS technology must be compared with
those of conventional facilities on a case by case basis to determine if FACTS technology would
be a viable alternative.

While this project demonstrated the potential benefits of FACTS technology to enhance power
system operation and increase power import capability over existing systems, the results are
still preliminary. As further detailed research is performed on the revised SDG&E transmission
system, subsequent studies may provide different results.

3.2 Recommendations

Conduct additional research to assess the impact of the UPFC on the SDG&E import capability
given the recent changes in the South-of-SONGS transmission system configuration. These
changes, made to accommodate the rapid load growth within the SDG&E’s system, may alter
the findings of this study.

Specific recommendations are to:
« Install a UPFC in the location recommended by the new study as a demonstration and

research project.

« Demonstrate the ability of a UPFC unit to be shared by two parallel lines to re-direct
flow in order to prevent line overloading.

« Seek co-funding of this project from various entities such as the California Energy
Commission, the Department of Energy (DOE), the Electric Power Research Institute
(EPRI), UPFC manufacturers, various electric utilities, etc.
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OBJECTIVES

The objective of this study is to conduct detailed technical and economical studies to
investigate the benefits of Flexible AC Transmission Systems (FACTS) devices
located in SDG&E's service territory. The study will particularly focus on the potential
benefits of existing and new FACTS devices in improving SDG&E’s import capability.

BACKGROUND

SDG&E has tonducted a previous study evaluating benefits of FACTS projects
under an EPRI contract. The main focus of the study was to evaluate benefits of
FACTS projects at several locations in Southem California in increasing the Arizona
to California transfer levels. The previous study examined the benefits of FACTS
devices on Palo Verde - Miguel 500 kV, Palo Verde - Devers 500 kV, Moenkopi -
Eldorado 500 kV, and Navajo - McCullough 500 kV lines and at Devers and San
Onofre Substations. The use of Static Condensers (STATCON), Thyristor Controlled
Series Capacitors (TCSC), and Static Var Controllers (SVC) were examined in the
previous study.

This study will investigate the benefits of the above FACTS devices as well as more
recent FACTS devices (depending on availability of simulation models), such as
Static Synchronous Series Compensators (SSSC), Thyristor-Controlled Phase Angle
Regulator (TCPAR), Universal Power Flow Controllers (UPFCs), etc., as they relate
to increasing SDG&E's import capability.

TASK STATEMENT

Tasks 1.0 - 1.1 Revise Work Statement and Task Deliverables,
Schedules, and Budgets .

Prior to undertaking any work on subsequent tasks, the Work Statement and
the Task Deliverables, Schedules, and Budgets (Exhibit B-6) must be
reviewed and approved by the Commission Project Manager. If the
Commission Project Manager determines that the documents are
unsatisfactory, Contractor shall revise them until they meet the Commission
Project Manager’s requirements. All project tasks must be consistent with the
goals and objectives of the project as they appeared in the project proposal to
the Commission. No Transition Funding project funds may be expended until
acceptable Work Statement and Task Deliverables, Schedules, and Budgets
(Exhibit B-6) have been submitted by the Contractor and approved by the
Commission Project Manager.
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Deliverable: Revised Work Statement and Exhibits B-6 and C-6

Task 2.0 Prepare Quarterly Progress Reports

The Contractor shall provide a written Quarterly Progress Report to the
Commission Project Manager. Each quarterly report shall be due to the
Commission Project Manager no later than 30 days after the end of the
reporting period. Unless otherwise indicated, all quarterly reports shall be
submitted to the Commission Project Manager both in hard copy and as
computer files in Microsoft Word 6.0 format. Each Quarterly Progress Report

shall include:

A narrative of the status of scheduled, on-going, and completed work during
the reporting period. Where appropriate, the narrative shall reference Exhibit
B-6; A discussion of technical, scheduling, and any other problems
encountered during the reporting period, and the activities undertaken by
Contractor to resolve these problems; The status of project expenditures,
including compensation of Contractor’s personnel and identification and
quantification of any expenditures which are likely to exceed those indicated in
Exhibit B-6. In particular, Contractor shall identify tasks where the contract
expenditures are anticipated to exceed the contract budget for those tasks by
fiteen (15) percent or more; An updated version of Exhibit B-6, showing the
individual contract tasks, schedule for each task, and budget for each task.
The schedule shall include planned and actual or anticipated start dates,
completion dates, and duration of each task. Estimates of anticipated dates
and duration shall be based upon Contractor’s estimate of the labor effort
remaining for the completion of each task and anticipated delays due to
inclement weather or due to problems associated with the receipt of
approvals, materials, labor or services, etc.

The Quarterly Progress Report must not contain confidential information. If the
Commission Project Manager or Contractor deem it necessary to include
confidential information to adequately describe the status and performance of
the contract then Contractor shall submit under separate cover marked
“Confidential” with an Application for Confidential Designation to be provided
by the Commission Project Manager.

The Quarterly Progress Report shall be reviewed by the Commission Project
Manager. If the Commission Project Manager determines that the report is
unsatisfactory, Contractor shall revise the report until it meets the Commission
Project Manager’s requirements.
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Deliverable: Progress Reports

Task No. 3 - Investigate Availability of FACTS Models

This task involves investigating the availability and capability of various
FACTS models such as STATCONs, UPFCs, TCSCs, SVCs, and SSSCs for
simulation studies using the General Electric power flow and transient stability
program.

Deliverable: List of available FACTS models

Task No. 4 - Develop Base Case (s)

In this task the appropriate power flow and transient stability base cases are
developed for the study. The base cases will be developed using the most
recent system assumptions utilizing the GE power flow and stability programs.
Deliverable: Base Cases

Task No. 5 - Identify Transmission Limitations

In this task the transmission bottlenecks will be identified by conducting power
flow and stability contingency analyses. This will require extensive
contingency analysis of the SDG&E system to determine the transmission
bottlenecks, such as overioads, voltage problems, shortage of reactive power
support, etc., which may be caused as a result of load growth and increased
imports. '

Deliverable: List of transmission bottlenecks

Task No. 6 - Determine Alternatives Including Appropriate FACTS
Devices

This task involves determining various altematives, such as upgrading existing
transmission lines, building new transmission lines, installing appropriate
FACTS devices that could be useful in removing transmission bottlenecks, etc.
The FACTS devices that will be considered include STATCONSs, TCSCs,
SVCs, SSSCs, TCPARSs, UPFCs, etc., (depending on availability of simulation
models).

Deliverable: List of altematives
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Task No. 7 - Conduct Technical Studies

Technical studies are conducted examining the performance of appropriate
FACTS devices during steady state and transient conditions at various
locations. Only those devices that can be beneficial in removing the system
constraints will be pursued further. Operational and control issues associated
with FACTS devices will also be examined.

Deliverable: Results of technical studies

Task No. 8 - Conduct Economic Analysis

Economical studies for the selected viable altemnatives (including FACTS
devices) will be conducted to determine the most optimum solution to alleviate
system bottlenecks.

Deliverable: Results of economic analysis

Task No. 9 - Prepare Draft Report for CEC Review

This task involves summarizing study results, preparing presentations, and
documenting study assumptions, criteria, and methodology in a detailed draft
report.

Deliverable: Draft Report

Task 10 - Prepare Final Report

The Contractor shall provide a written Final Report to the Commission Project
Manager. The Final Report shall be reviewed by the Commission Project
Manager. If the Commission Project Manager determines that the report is
unsatisfactory, Contractor shall revise the report until it meets the Commission
Project Manager's requirements. A sample Final Report outline showing a
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suggested format and contents is attached (Exhibit E).
Deliverable: Final report

Task 11 - Final Meeting

The Contractor shall meet (in person or by telephone) with the Commission as
specified by the Project Manager. The purpose of the final meeting is to
present the project's findings, conclusions and recommendations and to
discuss contract close out issues. These issues may include disposition of
equipment purchased with state funds, feedback on Contractor performance
and surviving contract terms (e.g., data preservation and payment).
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SDG&E Load & Resources

1998 TRANSMISSION CAPITAL BUDGET STUDY

YEAR - 2003
Load System Load (90/10) Unciixdes lossee] 4204 100%
& Interchange 2450 58%
Resources, Generation 1754 42%
- e Fiemy o E Transmission,
Scheduled at San Onofre MW | " Capacity |
SONGS 430 430
Pacific AC/DC Intertie (Northwest) 266 266
Approximate Losses -15 -15
Scheduled to SONGS 749
Total scheduls at San Onofre 1430
Transmission Capacity South of San Onofre 1800
Area . |Scheduled at Palo Verde
Interchange PNM 100
From Southwest 870
SDGRE's Total at P.V. 970 970
Scheduled at North Gila
Yuma QF 50
SDGE&E’s Total at Imperial Valley 1020 1087
Scheduled at Tijuana/La Rosita
Mexico 0
Total from Mexico 0 408
Total Import 2450 2450
. Units ', -Generation
Generating Units “Output ' | - Capacity -
Encina 1 a5 100
Encina 2 100 104
Encina 3 106 110
Encina 4 265 300
Encina b 300 330
South Bay 1 138 146
Generation South Bay 2 138 150
Schedule South Bay 3 170 175
South Bay 4 tewing) 147 222
Suppliers' QFs (including EFI) 124 124
SDG&E GTs 122 *332
Goal Line QF 49 49
Total Generation 1754 1810
Operating Reserve (should be >300.0 MW) 388 MW
Spinning Reserve (should be > 150.0 MW) **178 MW

® 332 MW available towards Operating Reserve but not included in the total generation capacity
** All imports assumed firm, and ramping rates are included for Spinning Reserve calculation
Operating GTs are Miramar, and Kearny

C:\users\dave\88capbudget\O3LRLILXLS, 1/14/88. David M. Miller Jr.
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Nomograms

A nomogram is a graph that simultaneously compares two or more variables and
establishes operating constraints. [t establishes limits such that the system can
still withstand the worst single contingency and not suffer overloads. On the
attached nomograms shown in Appendix ____, the worst case contingency is
identified as an OTG ("outage") with the corresponding OL ("overload") facility
identified. Operating on the line would result in the indicated facility being loaded
to its maximum rating should the contingency occur.

On the following pages, several terms are mentioned that the reader should
understand:

San Onofre Imports/Exports - summation of the actual powerflow on the four
230 kV lines which connect the SDG&E service area with SCE at San Onofre.
(Actual power flows include: SDG&E's share of SONGS units 2 & 3, which is 430
MW, firm and economy energy purchases flowing on the Pacific Intertie;
emergency capacity purchases and loop flow.)

To accommodate additional imports the transmission facilities South of San
Onofre have been uprated to increase the simultaneous import capability from
1800 MW to 2150 MW. In addition the transmission lines South of San Onofre
are planned to be upgraded to further increase the simultaneous import capability
to 2450 MW by 1998. See Figure No. 2 which shows the planned increase in
Simultaneous Import Capability.

Miguel Imports - summation of the actual power flow into Miguel from TL 50001
(Imperial Valley to Miguel) and TL 23040 (Tijuana-CFE to Miguel).

Flow to/from CFE - summation of the actual power flow on TL 23040 (Tijuana-
CFE to Miguel) and TL 23050 (La Rosita-CFE to Imperial Valley). This total
represents the net export/import of power from CFE.

Imperial Valley to Miguel 500 kV Flow - the actual power flow on TL 50001.

BASE - the projected operating point considering all planned resources are
available.
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Operation is always within the nomogram envelopes. Any point on the
nomogram boundaries gives the maximum "simultaneous" impact for that point of
operation. Each point has corresponding allowable 'San Onofre Import' and
'Miguel Import' value.
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Figure D.1 — SDG&E Import Nomogram
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Appendix E
List of Overloads

Table E.1
IMPORT | OUTAGE| « UPFC + | oo - - %] \FROM |- - . %[ | "LOADING /|.NRATING | E_RATING} :: "
. (MW). |} CASE-| LOCATION ‘FrRoMBUS | “kv. ‘| ToBUS .| Tokv |- (EMER)” | Mva) | MvA) |XFMR
1900 ...t 4SENCINA _|BATIQTOS @ 138 BATIQTP 138 10382 15 LIS .»....-...D{
1900 45'MISSION  |BATIQTOS | 138iBATIQTP 138! 108.12 195 195! 0
1900 45NONE  |BATIQTOS ;  138BATIQTP 138] 111,67 195 195{ 0
1900 45!SNLREY |BATIQTOS 138'BATIQTP 138! 111.55 195 195 0
1900 45TALEGA |BATIQTOS |  138/BATIQTP 138’ 112280 195 195 0
1900 46 SNLREY |MISSION ;  230.S.ONOFRE 230° 100.29, 456 456, 0
1900 46 SNLREY |SANMATEO i  138/SANMTOTP 138’ 100.33 228 28 0
1900 46 SNLREY |TALEGA | 138/SANMTOTP 138" 10407 274 214 0
1900 S4ENCINA  |PENSQTOS ! 230,ENCINA 230, 14851 797 797, O
1900 SBENCINA |EASTGTP | 69, MIRAMRTP 69, 103.26; 50 so0 o
0 T S WSS WERSET ™ ....69 SR T R e .{
1900 82 NONE MELRSETP : 69§SANLUSRY 69 110.49" 102 102] O
1900 7 B2SNLREY |MELRSETP , ...GQISAN'-USRY . A ....”237i. .o fe2 02 0
1900 82 TALEGA IMELRSETP 69! SANLUSRY 69 110.38; 102 102] 0
1900 117.ENCINA _ |EASTGTP ¢ 69 MIRAMRTP 69 101.59; 50 50 O
1900 125°ENCINA  [ESCNDIDO ! 69,ESCNDIDO 230 11130‘ 224 239 1
oo TR ENGA ~lEecNbiBo " o ERGA T s B B
1900 125ENCINA__|ESCNDIDO : 69, ESCNDIDO 230’ 110.88; 224 2390 1
1900 126 ENCINA |EASTGTP 1 "60'ROSE GVN 69 101.35! 50 50 0
N o TR T TR B
1900 144 MISSION | TALEGA - 138'SANMTOTP : 138 101.54. 274 274 0
1300 144 MISSION _[JAPMESA 69, TALEGATP_ ™ 6a 10358 24 24 0
s el e e e o e (gt ™ et <23 o
1900 144NONE  ({TALEGA .,  138'SANMTOTP | 138 105.47 274 274, 0,
1900 1. .J44NONE ISANMATEQ ,......‘3833ANMT°TP L2 020 22 .20 é
1900 {44 TALEGA |TALEGA i  138/SANMTOTP 138 105.91 274 2740 0
1900 144 TALEGA [JAPMESA i 69, TALEGATP 69 108.06 24 24 0
1900 144 TALEGA {SANMATEO i 138:SANMTOTP_ 138 102.85 228 28 0
1900 158'NONE " iTALEGA & 230'S.ONOFRE 230 10566, 456 578 o{f
1900 | 158 SNLREY ITALEGA .  230.S.ONOFRE 200 10387 456 578 0,
1900 i ISONONE  .TALEGA ....230 SONOFRE { 280 10566 . 486 .58 .0
1300 "159,SNL REY ‘TALEGA . 230'S.ONOFRE i 230 103.87 456 5788 0
1900 171,ENCINA ‘ESCNDIDO 69/ESCNDIDO 230 110.04 24 - 239 1
1900 | 172ENCINA _ESCNDIDO : §0'ESCNDIDG 230 100621 224 29 1
e I SNL?{E’Y TSR o 2303AZI-SSION .......... e o o s
2150 45SMS+TA  |BATIQTOS |  138/BATIQTP 138 113.26 195 195 0
2150 4SENCINA__IBATIQTOS |  138/BATIQTP 138, 110.32 195 195{ 0
2150 45 MISSION  |BATIQTOS | 138BATIQTP 138 11265 1951 185, O
2150 45NONE  |BATIQTOS ;  138'BATIQTP 138 116.45 195 195{ 0
2150 45SNLREY (BATIQTOS |  138'BATIQTP 138° 11584 195 195 0
2150 45TALEGA |BATIQTOS :  138!BATIQTP 138’ 116.70' 195 195) 0
2150 46MS+TA ITALEGA @  138/SANMTOTP 138’ 107.48 274 214 0
2150 ... A8 MSTA  ISANMATEO | ...138SANMTOTP 138 ... 0308 .22 28 .Y
2150 45'MS+TA  ISNLSRYTP ; 230 MISSION 230 100.03 456 4s6] 0
2150 46ENCINA 'TALEGA : 138, SANMTOTP 138 108.61 274 274, 0O
210 | . _46ENCINA = [MISSION -  230SONOFRE | 230 10283 L4558 0
{2150 T46 ENCINA ISANMATEO : 138 SANMTOTP 138’ 10389, 228 228 ¢l
12150 46 MISSION ISNLSRYTP : 230 MISSION 230 101.43; 456 456 O

2/8/99 page 1 of 8 zbase1.xls
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Appendix E
List of Overloads
Table E.1

IMPORT |OUTAGE[: UPFC™ .| - FROM 7wl e LY LOADING, ® N _RATING | E_RATING{- -
{MW)- | - CASE - | LOCATION |: FROM BUS KV |o- TOBUS | TOKV, (%EMER) . (MVA). P (Mva) gﬁ@g
2150 | 4eMISSION SANA 138! SANMTOTP 138 104, oof - 228 -
2150 46 MISSION ~ |TALEGA ¢ 138]SANMTOTP 138 108.70. 77 Y 7 I
2150 46 NONE _ |SANMATEO | 138 SANMTOTP 138; 104, oo‘ 228 28 0
2150 _46NONE _ IMISSION 530S ONOFRE 230 10283; 456 456/ 0
2150 | 46 NONE  |TALEGA | .iséigANMTOTP-. 138; 108.70 274! 214 0
2150 46 SNLREY |JAP MESA 69 TALEGATP 69, 107.07 24} 24 0
2150 45,SNLREY |TALEGA 138 SANMTOTP 138, 12900 42D )
2150 46'SNLREY |SANMATEO |  138/SANMTOTP 138! 128.95 228 28 0
2150 46'SNLREY |ESCNDIDO 230, TALEGA 230 100.91 456 456 0
2150 46 SNLREY [MISSION 230,5.ONOFRE 230 12170, 456 456/ 0
2150 | < 45 SNLREY ISANLUSRY :  138'SANMATEO 138, 118, 12. 220 22 0
2150 45 TALEGA  |MISSION 230,S.0NOFRE 230, 101 :37f 456 456, 0
2150 45 TALEGA ISANMATEO ,  138'SANMTOTP 138 10295 228 228 0
2150 4B TALEGA T |TALEGA | TTTisglSANMTOTP | 138 1O7. 39 T o7 T o4 0
2150 " "54ENCINA__|ESCNDOS! 138'ESCNDIDO 69. 101.22 63 82 1
2150 S54ENCINA_ |PENSQTOS @ NESO’ENCINA 230, 150411 797 797 i)
2150 S8'ENCINA _ |EASTGTP 69 MIRAMRTP 69 101.35 50 50, o
2150 82MS+TA  |MELRSETP : 69'SANLUSRY 69’ 117.17 102 102} O
2150 82ENCINA__|MELRSETP | 69, SANLUSRY 69, 107.09, _..19%2 1029
2150 82 MISSION |MELRSETP ° 69 SANLUSRY 69 117.29, 102 102 o
2150 82NONE  'MELRSETP 69'SANLUSRY 69 119.75' 102 102, o0
2150 "82SNLREY |MELRSETP = 69’$ANLUSRY i 69, 118.46; 102 102f 0
2150 1 82 TALEGA  [MELRSETP : 69‘SANLUSRY i~ 69 11940 102 102 oé
2150 102,SNLREY (TALEGA _ 138:SANMTOTP { 138, 108.78; 274 274, 0
2150 102SNLREY [SANMATEO : 138 SANMTOTP | 138 228! 28 0
s ! ViRioNE | |BATiaioR Rt T e ..15.5{;.... SR R
2150 118 TALEGA  {BATIQTOS 138'BATIQTP 138 195! 15| 0
2150 125ENCINA _ IESCNDIDO | 230 ENCINA 230 797; 7971 0
e T NG ESeNbiBe SNBSS e ) RREet B
2150 125ENCINA__{ESCNDIDO 69'ESCNDIDO 230 11506 24 239 1
2150 25 SNLREY [MISSION ' 230 SONOFRE | 230 _ LW ... N
2150 | 125SNLREY |TALEGA 138:SANMTOTP 138 110,53 274 274, ©;
2150 125SNLREY !SANMATEO 138ISANMT0TP 138" 106.41 228 ~ 2280 0
2150 125 TALEGA {TALEGA . 138;SANMTOTP 138 100,67 274 2740 O
S R ENGA IERSTaE 69’MIRAMRTP Rt e N
2150 °  126NONE  |EASTGTP 69 MIRAMRTP 69° 100.87 50 50, 0
2150 126 SNLREY [EASTGTP @ G69MIRAMRTP | 69 10302 59 s T
2150 126:TALEGA  IEASTGTP . 69;MIRAMRTP 69 101.35! 50 50, 0
2150 144 MS+TA  |SANLUSRY :  138/SANMATEO 138 108.53; 222 220 0
2150 144 MS+TA  |SANMATEO | 138 SANMTOTP 138° 11951 228 28] 0
2150 144 MS+TA  |TALEGA |  138!SANMTOTP 138" 121,00 274 274 ©
2150 144 MS+TA  |JAPMESA | 69, TALEGATP 69" 121,01 24 28, 0
2150 144 ENCINA_ |JAPMESA 69. TALEGATP 69 11354 24 24 o
2150 T1a4ENCINA - ITALEGA ¢ 138ISANMTOTP 138 11376, 574 2740 0
2150 ;  144'ENCINA  ;SANMATEO 138'SANMTOTP 138 110.18! 228, 2280 O
2150 ;| 144 MISSION _{TALEGA 138 SANMTOTP 138, 121.70" 274! 274 0
e B e i e EE e Rl
2150 144 MISSION _|SANMATEO 138’ SANMTOTP 138’ 119,93 28! 228 O
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Appendix E

List of Overloads

Table E.1

IMPORT | OUTAGE] -~ UPFC . i+ . l -FROM" ] T LOADING N RATING | E_RATING|. - : -

(MW) |” CASE_|LOCATION|' FROM sus “KV. | 1TOBUS |:TOKV. |- (REMER) |':'MVA) | “(MVA) | XFMR
2150 {144 MISSION |SANLUSRY :  138!SANMATEO 138 108.66, 222 22, 0
2150 14 NONE ~ JWISSION i 230|S.ONOFRE 230 102.30' 456 456 0
2150 144,NONE __ |JAP MESA 69/ TALEGATP 89, 121,51 24 24 0
2150 144NONE _ [TALEGA i  1381SANMTOTP 138 12283 274 274 ©
2150 | 144NONE  |SANLUSRY i  138/SANMATEO 138; 11004 22 22 o
2150 144:NONE SANMATEO i  138SANMTOTP 138 121.19, 228 228 O
2150 i J44TALEGA IAPMESA . SSTALEGATP &, ..‘22°°§ RO . S I .°E
2150 144 TALEGA [SANLUSRY | 138!SANMATEO 138 109.50! 222 22 o
2150 144 TALEGA  ISANMATEO | 138/ SANMTOTP 138 120,46, 228 28 0
2150 144 TALEGA _[TALEGA 138]SANMTOTP 138 12178, 274 274 o{‘
S TEATALEGA WSSO T 530/5 ONOFRE — _230101 08 — —4561 .................. o bi
2150 153 ENCINA _(PENSQTOS : 230 ENCINA 230 100.87; 797 797 0
2150 158 MISSION I TALEGA _ 530S ONOFRE 230 1133l . 456, 578 “qE
B EENGTE T IEGR i D SRGERE T hidd gt i
2150 158 SNLREY 'TALEGA  230SONOFRE ' 230 12069, 456! 578] 0
2150 | " 15o MISSION TALEGA . 230, SONOFRE | 230 11331 456 578] 0
2150 i 1S9 NONE  tTALEGA - 230,S.ONOFRE { 230 118.83' as6l 518 0
2150 150'SNLREY {TALEGA 230 S.ONOFRE 230 120,69, 456 578] 0O
2150 | ATUMSATA__[ESCNDIDG " e9ESCNDIDD | Zb_ 1033 24 T 39
2150 171:ENCINA __|ESCNDIDO 69'ESCNDIDO 230, 115.90; 224 29 1
2150 17'MISSION [ESCNDIDO . 69 ESCNDIDO 230° 103.35! 224 29 1
2150 171'NONE : 69:ESCNDIDO 230 104 60/ 224 29 1
2150 171:SNL REY '69ESCNDIDO | 230 106.28! 224 2390 1
2150 171 TALEGA |ESCNDIDO . _69'ESCNDIDO ! 230 104 60 224! 239 1
2180 | 172MSWTA _ [ESCNDIDO " 69/ESCNDIDG {230 10335, .24 9y 1
2150 172.ENCINA__ {ESCNDIDO “69,ESCNDIDO | 230 115.48; 224; 29 1
2150 172 MISSION _{ESCNDIDO : 63ESCNDIDO ; 230 10335 224! 29 1
2150 | 172.NONE _ |ESCNDIDO 69ESCNDIDO | 230 104,60} 224} 29 1
L R T R e
2150 172 TALEGA {ESCNDIDO "69ESCNDIDO {230 1040 204 238 1]
2180 1" 177MS+TA  {LOSCOCHS " " "'69LOSCOCHS f 138 10065, 140, 55|
2150 177 MISSION _ {LOSCOCHS . 69'LOSCOCHS | 138 100,65, 140! 185 1
2150 201 MS+TA  [JAPMESA | 69 TALEGATP 69 104.08! 24 24 0
2150 201:MS+TA__ [TALEGA 138’SANMTOTP 138 100.15 274 274, 0
e e Wy I e e
2150 201NONE  {TALEGA 138/SANMTOTP 138 105.03! 274 214, 0
2150 201INONE __ |JAP MESA 69 TALEGATP 69° 107.56 24 24 0
2150 201°SNLREY  [SNLSRYTP 230 MISSION 20, 107.20; 456 456 0
2150 201'SNLREY (TALEGA 138/SANMTOTP 138 100.24! 274 274 0
2150 1 201;SNUREY {JAPMESA  _ 69,TALEGATP ) 10358 24 24 o
2150 201iTALEGA |SANMATEO ;  138/SANMTOTP 138 10064 228 228) 0
2150 201:TALEGA |TALEGA 138/SANMTOTP 138 105.56 274 214 0
2150 201;TALEGA _ |JAP MESA 69/ TALEGATP 69; 109.06 24 24 0
2450 SAENCINA |PENSQTOS |  230'ENCINA 230, 14661} 797 797, ©
2450 S8ENCINA _|EASTGTP 69 MIRAMRTP 69. 101,59 50 500 o
2450 | “66SNLREY TALEGA  138/SANMTOTP | 138 T 03,81 274 274 "3!
= SN " IVELREET | oo SANLUSAY | = TR R B N
2450 82 NONE  MELRSETP : 69'SANLUSRY |} 69 103,81} 102 102] 0
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Appendix E

List of Overloads

Table E.1

IMPORT.|OUTAGE| . UPFG ~ |-~ . ST ] LOADING 'NZRATING E RATING]."«
(MW - |: CASE | LOCATION ﬁ?ﬂ'!! @E’ﬁ .10 BUS vl ), 1T VAL MVA). Xﬂ!“f‘
2450 82 SNLREY |MELRSETP | .*BQ,SANLUSRY 69, 112.37{ 702 102, o
2450 82.TALEGA |MELRSETP : 69/ SANLUSRY 69 103.93; 102 102, 0
2450 O1iENCINA |IMPRLVLY !  230'ROA-230 230, 148,61 408 o
2450 STIMISSION [IMPRLVLY | 230'ROA-230 230; 154760 408 0
2450 | TSHNONE  IMPRLVLY | 230'ROA-230 | 230 159.§4f """" 408] K
2450 91SNLREY {IMPRLVLY 230,ROA-230 230 158,86, 408 0;
2450 SUTALEGA (IMPRLVLY .. ......23°'R°A 230 200, 54 408 ._9.2
2450 106 ENCINA _ {IMPRLVLY 230 ELCENTRO | 230, 101.60! 258 0
2450 106 MISSION _[IMPRLVLY 230 ELCENTRO 230 106.08! 258 0
2430 JOBNONE  [IMPRLVLY . 230ELCENTRO : .2%0. 109.48, 28 °
2450 106 SNLREY  [IMPRLVLY 230 ELCENTRO 230 110.10, 258 0,
2450 106 TALEGA _ |IMPRLVLY 230ELCENTRO | 230 108 55! 258 o'
2450 117 ENCINA _ {EASTGTP 69 MIRAMRTP g 69 102.30' 50! "o
S [ R e saobo T, estEscuibs T T, 130 sl ¥
2450 125ENCINA__{ESCNDIDO - B9'ESCNDIDO = 230 12008 224! ﬁL
2450 125ENCINA _ |ESCNDIDO ;  230ENCINA | 230 146.56! 797| 0
2450 | 126 ENCINA IEASTGTP : 69 MIRAMRTP 69, 12191 50, ~ ol
2450 170°ENCINA __|ESCNDIDO 69 ESCNDIDO | 230 12469" 224 1
2450 171 MISSION _|ESCNDIDO © 69°ESCNDIDO ;230 103, 350 224} 1
2450 | " Y71;NONE___ ESCNDIDO : 69 ESCNDIDO | 230 1o's"ﬁ'44§ ~ 54l K
{2450 171:SNLREY .ESCNDIDO  69'ESCNDIDO | 230 100.84! 224 1
2450 | I7ATALEGA ESCNDIDO " T GO ESCNDIDD ;230 - 10586 24, ]
2450 "172ENCINA_ [ESCNDIDO 69°ESCNDIDO | 230 12469 224 1
2450 172 MISSION _[ESCNDIDO B9ESCNDIDO ¢ 230 10335 24 1
2450 172NONE__ |ESCNDIDO "'69,ESCNDIDO 230 105.44 224 1
T s e x 69 eioing it pre § ..... i S
2450 172 TALEGA  |[ESCNDIDO | ‘69 ESCNDIDO 230 105.86! 224 1
2450 201SNLREY (SNLSRYTP -  230MISSION . 230 102.22 456 0
2450 217 ENCINA  1JAPMESA ,  69'TALEGATP : 69 11205 24 o)
2450 212ENCINA  {TALEGA_ T138'SANMTOTP | 138 110.97 274 o
2450 "212ENCINA _{SANMATEO - " 138/SANMTOTP | 138 106.93 228 o)
orx o i e R e {
2450 212MISSION JAPMESA 69""T"AEEGATP K 69 10557 24 24, 0,
i MEIG (TALEGA 1 BESmMIOTE e osky Aol
2450 212 NONE  |TALEGA | "138ISANMTOTP 138, 110.27 274! 2140
2450 212 NONE  {JAPMESA | 69 TALEGATP 69 11155 24 24, 0
2450 212NONE __ ISANMATEO : 138/ SANMTOTP 138° 106.10 28 2280 0,
2450 212 NONE ~~ lIMPRLVLY ¢+ 230/ROA230 | 230 10028 408 408, 0
2450 212 TALEGA  JJAPMESA 69, TALEGATP 69' 11304 24 24 0
2450 212 TALEGA  {TALEGA ;138 SANMTOTP 138, 110.70 274 214 0,
2450 212 TALEGA  |SANMATEO | 138 SANMTOTP 138° Tosoa T T2 28 0
2450 213 MISSION {JAP MESA 69 TALEGATP 69, 101.59 24 240 0
2450 213 MISSION _{TALEGA 138’ SANMTOTP 138 100.15 274 214 o
s T T e o R e .E
2450 213NONE __,TALEGA 138 SANMTOTP 138 100.85 274 274, o
2450 T2I3TALEGA |TALEGA | 138 SANMTOTP 138, 102.15 274 214 0,
et S TALEGR AP MR St e gl e - '6§
2450 216 ENCINA _ IPENSQTOS | 230, ENCINA 230, 14471 797 7977 0
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Appendix E
List of Overloads

Table E.1
IMPORT [OUTAGE[,. UPFC - [/ s "FROM ' “ LOADING | N_RATING, E’_RAT:Nd
(MW)" | "CASE. |LOCATION| FROM 8US |- - kv .10 Bg‘s& TOKV . (BEMER)". |: " /(MVA) | S(MVA) | XFMR
2450 216 ENCINA  |ESCNDOS1 ;  138'ESCNDIDO 69 10122, 63 82 1
2450 1 219 MISSION |ESCNDOS1 ; 1383ESCNDIDO 69° 10244 63 82, 1
2450 230 ENCINA  {SOUTHBAY | 69, SOUTHBAY 138, 115.85 140 164] 1
2450 230 MISSION_|SOUTHBAY | 69’ SOUTHBAY 138, 106.10 140 164 1
2450 |7 230 NONE ~ |SOUTHBAY @ 69/SOUTHBAY | 138 10671 140, 164 1
2450 230 SNLREY {SOUTHBAY | 69/ SOUTHBAY 138° 106.10! 140 164] 1
2450 230 TALEGA _ |SOUTHBAY 69/SOUTHBAY 138, 106.10! 140 164 1
2450 1 S3IENCINA ~ |SOUTHBAY | """""'sg,sourHBAY 138 1o7.3§f' T T 40] 164, 1
2450 232 ENCINA _ ISOUTHBAY ! 69 SOUTHBAY 138° 11220} 140 164, 1
2450 234¢ENCINA__[CALAVRTP . 138SHADOWR | 138, 10095! 112 12, 0
2450 234ENCINA _{PENSQTOS | 230 ENCINA 230 146.76; 797 797] 0
2450 234 ENCINA _|ESCNDOS0 . 138'ESCNDIDO 69 101.22 63! 82 1
2450 236 ENCINA  'ESCNDIDO - 69.ESCNDIDO ;230 118.831 224! 233 1|
2450 '236°ENCINA  (ESCNDIDO 69'ESCNDIDO | 230  118.41 T4 239
2450 ;  236ENCINA {ESCNDIDO '53'0 ENCINA | 230 12661 797 797 0
2450 237.ENCINA  |ESCNDIDO 69,ESCNDIDO ; 230 119.25; 224 239 1
2450 1" ‘237ENCINA  [ESCNDIDO CIENCINA T oay  qasei] T Fen T Fen o
2450 237.ENCINA  {ESCNDIDO " 69’ESCNDIDO 230 118.41 224 239, 1
2450 {247 ENCGINAIEASTGTP T e MiRAMRTP | 89" 16374 808 G
2650 45NONE  {BATIQTOS _i38'BATIQTP i 138 10113 195 195, 0
2650 | 45'SNLREY [BATIQTOS - 138 BATIQTP ‘138 10199 g5 195 0
2650y . A5 TALEGA (138 BATIQTP 195, 195 70,
2650 54 ENCINA " 230ENCINA - 797! 797 0O
2650 58 ENCINA  {EASTGTP ~ 69/MIRAMRTP 50° 50 Wéf
2650 B6MS+TA  (TALEGA .~ 138 SANMTOTP 138 10364' 274 274, 0
T SON T AR 1383SANMTOTP T e R
2650 66 NONE _ ISANMATEO : _ 138'SANMTOTP 138 100.54! 228 28 0
2650 1. SGNONE — (TALEGA __13SANMTOTP | 138 ..Jo730, L TR L, SO
2650 66 SNLREY ' SANMATEO : ™ " "138/SANMTOTP | 138 114.17; 228! 28 o
2650 66 SNLREY IMISSION ~ 230°'S ONOFRE 230 102.74; 456 4s6] 0O
2650 .. GSSNLREY [TALEGA " " 'i38SANMTOTP | 138 1856 . 214 w4 o
2650 | 66 SNL REY_ «SANLUSRY . 138'SANMATEO | 138 '1"6'2."07f 22 2
2650 66 TALEGA TALEGA 138/ SANMTOTP 138 106.60! 2740 - 274 0
2650 _GBTALEGA ISANMATEO ' 138)SANMTOTP 138 100.54" 228 28 0
e e A T BTG solshTEE P ¥ 66.7552 .................... S
2650 74 NONE ELLIOTT 69, SANTEE 69° 100.53; 68 68 0;
2650 74SNLREY |ELLIOTT - 69/SANTEE 69, 100.71 68 68 O
2650 74 TALEGA  IELUOTT 7" 69 SANTEE 69 100.53 68 68, 0
2650 B2MS+TA  |MELRSETP | SQfSANLUSRY 69, 107.91 102 102 o
2650 | B2MISSION MELRSETP | 69: SANLUSRY 69 108.03 102 102 0
2650 B82,NONE  IMELRSETP @ 69/ SANLUSRY 69 11026 1020 102 """b!
2650 82 SNLREY 'MELRSETP ' 69 SANLUSRY 69 116.47 102 102] o
2650 82 TALEGA IMELRSETP : 69 SANLUSRY 53 LU T 102 102 °j
2650 91 MS+TA  {IMPRLVLY 230'ROA-230 230° 164.24 408 408 0;
2650 S1.ENCINA _ [IMPRLVLY 230ROA230 | 230 158,57 408 a8 0
250 91 MISSION IMPRLVLY ~~ .230,ROA-230 20 165.11 408 s L
2650 TOINONE | IMPRLVLY " 230.ROA-230 230, 16942 e R
2650 91'SNLREY _'IMPRLVLY 230'ROA-230 230, 168.82' 408 a8 0
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Appendix E

List of Overloads

Table E.1
IMPORT | G OUTAGE . UPFC. fé-m “FROM | " LOADING . . N_RATING | E_RATING]| . .
(MW) | CASE \,LRF.{‘I 1ON !C'BR’Y!PHS o KV, 0 BUS T° KV <"“§M55’ AMvay | ey | XeMR
2656 91iTALEGA  {IMPRLVLY 2301R0A 230 230j 168,63 408 408 0
2650 95'ENCINA _ |SYCAMORE 69.ELLIOTT 69° 104.22 68 68 0
2650 95'NONE SYCAMORE 69'ELLIOTT 69 101.06 68 68 o
2650 95SNLREY |SYCAMORE : 5935“!.913_ 58 oSy 88 68 . .—.°§
2650 95 TALEGA  |SYCAMORE ; 69'ELLIOTT 69 101.24! 68 68 0
2650 106'MS+TA  {IMPRLVLY 230.ELCENTRO 230° 113.96; 258 258 0
2650 106 ENCINA  {IMPRLVLY ; 230, ELCENTRO 230, 110.87; 258 258 0,
250 | 106 MISSION  |IMPRLVLY | 230.ELCENTRO 230, 11457, 258 Err -
2650 106 NONE IMPRLVLY :  230.ELCENTRO 230 117.51 258 258 0
2650 106 SNLREY _ HIMPRLVLY .--..-...E??’E'-CENTRO 230 . Mess .28 8 .9
2650 106.SNL REY  |TALEGA 138 SANMTOTP 138 101.37! 274 274 0
2650 106 TALEGA |IMPRLVLY i 230(ELCENTRO 230, 116.74! 258 258 0
2650 17,ENCINA _ EASTGTP | 69 MIRAMRTP 69 107.09. 50 50, 0
— T RONE s S RRVRT? = e OZf_m R et L ;
2650 17SNLREY [EASTGTP 69 MIRAMRTP ! 69, 10183 50 50f 0
2650 1 WTTALEGA {EASTGTP 69 MIRAMRTP | 65~ 10254 50 50 0
19650 125.ENCINA  'ESCNDIDO ‘69’ ESCNDIDO ! 230, 123,850 | 224 239] 1
2650 125 ENCINA _ ISYCAMORE © 230 'SYCAMORE E 69 oi7s 55 2850 1
2650 125 ENCINA__ |ESCNDIDO 230, E!‘.‘E!.[‘{_A__.___ [0 167 e ™ 9
2650 125 ENCINA  |ESCNDIDO _69'ESCNDIDO 230 124.27 224 239, 1
2650 126 ENCINA  |EASTGTP 69 MIRAMRTP 69 124 06' 50 50, 0
2650 T44NONE _ JAPMESA - 69 TALEGATP 69 100.59] 24 24 0
2650 144 TALEGA  [JAP MESA 69 TALEGATP 69 102,58 24 24 0
2650 17°MS+TA _ |ESCNDIDO 69,ESCNDIDO 230 110,04 224 239 1
2650 171/ENCINA__ |ESCNDIDO ' 69'ESCNDIDO | 230 12929‘ 224 239 1
2650 1 171 1MISSION IESCNDIDO . 69'ESCNDIDO | 230 ""11oo4f '"2"‘2"3{[" e ]
2650 171'NONE ESCNDIDO ~  69,ESCNDIDO 230 112.55§ 224] 2300 1
2650 .J71;SNLREY [ESCNDIDO ...?9 ESCNDIDO 1 = 230 10879, 224 209 1
2650 & 171 TALEGA “IESCNDIDO 69 ESCNDIDO ¢ 230 fiassl T oz 289 1
2650 | 172MS+TA __ |ESCNDIDO : 69 ESCNDIDO | 230 110.04! 224! 29, 1
2650 172ENCINA _{ESCNDIDO - ......69 ESCNDIDO : 200 = 12029, = 224 = 289 1
2650 172 MISSION [ESCNDIDO _ 69 ESCNDIDO | 230 CETY BT - A 1
2650 172,NONE  'ESCNDIDO ¢ 69 ESCNDIDO 230 112,13 224 239 1
2650 172 SNLREY |ESCNDIDO | 69'ESCNDIDO 230 108.79, 224 23] 1
2650 172.TALEGA {ESCNDIDO | 69!ESCNDIDO 230 11255 224 230] 1
2650 201]SNLREY {SNLSRYTP :  230.MISSION 230° 106.32 456 456, 0
2650 | 207MSeTA IMISSION i . 6935'-“0" 69 ....ro20m A% 1370
2650 207,ENCINA_ |ESCNDIDO SQ,ESCNDIDO 230 102.51 224 230 1
2650 207:ENCINA _ |ESCNDIDO 69'ESCNDIDO 230, 102.09 224 239 1
2650 207 MISSION  {MISSION 69,ELLIOTT 69. 102.42 137 137 0,
2650 212 MS+TA _ lIMPRLVLY 230'ROA-230 230 103.89 408 408 o,
2650 212MS+TA  |SANLUSRY @  138/SANMATEO 138 102.40 222 222] 0
2650 | 212MS+TA  |SANMATEO | 138/SANMTOTP 138 114.47 228 28 0
2650 T212MSsTA | {TALEGA 138]SANMTOTP 138 177 214 274 0,
2650 212 MS+TA  |JAP MESA 69/ TALEGATP 69, 119.51 24 28 0
2650 | 212ENCINA |IMPRLVLY ;  230'ROA-230 230 105.45 408 408 0
e N T R P T e
2650 212ENCINA__ [SANMATEO ; _ 138'SANMTOTP 138° 119,83 228; 228 0
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Appendix E
List of Overloads

—y

Table E.1

IMPORT [OUTAGE| “UPFC'_ |- - l FROM | o o Jo - 2| toaDiNG- l»N :RATING | E_RATING| - - =
“[MW): | CASE" | LOCATION mmea TRV S Yobus. TOKV | (EMER)."|> (MVA) "]~ (MVA). *| XEMR
S50 | 212ENCINA  |TALEGA 138;SANMTOTP 138 122, 74;“_. BN N2
2650 212ENCINA  1JAP MESA ° 69 TALEGATP 69, 12250, = 24 24 0
2650 212 MISSION  |IMPRLVLY 230/ROA-230 230, 10399} 408 408 0
2650 212MISSION JAPMESA | 69 TALEGATP 89, “9-°2E 2 2.0
2650 212 MISSION  |SANMATEO 138! SANMTOTP 138' 114,48, 228 228 0
2650 212.MISSION _|SANLUSRY 138/ SANMATEO 138 102.50, 222 222] 0
2650 212 MISSION |TALEGA | 138)SANMTOTP 138 11829, 274 274 O
2650 212.NONE  |IMPRLVLY {  230ROA-230 230; 105.36! 408 408 0
2650 212NONE  ISANLUSRY 138/'SANMATEO 138 108.10° 222 220 0
2650 212NONE  [JAP MESA_ 69, TALEGATP | 69 12250' 24 24 0
2650 212NONE ITALEGA " 138]SANMTOTP | 138 Toaa AT e 6{‘
2650 212NONE _ ISANMATEO |  138,SANMTOTP 138 11983 228! 28 o,
2650 212 TALEGA | TALEGA 138 SANMTOTP_ 138 122.04° 274! 274 0!
eSS TALEOA” |SANMATED T T FRANTOTE | T ™ i o T 4
2650 212 TALEGA [SANLUSRY ;  138'SANMATEO 138° 107.78; 222 22 O
2650 212, > TALEGA _[JAP MESA 69 TALEGATP 69’ 123 oof T 24 0
o T e B B =0 ™ I
2650 ;  213MS+TA  [SANMATEO . _ 138,SANMTOTP 138 10631 228 28 0
2650 213MS+TA  |TALEGA ™~ 138’SANMTOTP T 111.31 274 HZIE
2650 T OTIMSTA IMPRLVLY - T230,ROA230 230 10204 408 408, 0
2650 1 213MS+TA  UAPMESA 69 TALEGATP | 69 11205 24 24 0
2650 213 MISSION _(JAPMESA .~ ""60 TALEGATP 69, 110,55, 24 24 0
s T3 MISSION ™ IMPRIVLY ™ 230 SR 10213§ T R _O{E
2650 213 MISSION  {SANMATEO 138 SANMTOTP | 138 104.84; 228 228 O
2650 213 MISSION | TALEGA '"138’ SANMTOTP 138 110.35' 274 274 0
2650 1 213NONE ~~ IJAPMESA . 69,TALEGATP | 69 111.55 24 2R
2650 213NONE | TALEGA " 138'SANMTOTP 138 111.75 274 274, 0
2650 213NONE___ISANMATEO . 138 SANMTOTP 138° 10652' 228 28] 0
2650 213NONE _ {IMPRLVLY m 230ROA230 | 230 ioass 408 408 0
2650 23TALEGA TALEGA . 138 SANMTOTP | 138 112.45! 274 2740
2650 1 213 TALEGA ‘SANMATE() “Y38SANMTOTP ;138 107.67 228 28 o)
2650 " THITALEGA IMPRLVLY T 230’565536 """ 230, 102.43" 4088 408] of
2650 213 TALEGA IJAP MESA 69 TALEGATP ' 69 11304 248 - 24 0
2650 214 MS+TA fiiPRLVLY "+ 230/ROA230 | 530 T 102.23; 408 48] 0O,
2650 SAENGINA ~IIMPRLVLY " 330/ROAS30 190 T 102,62 408 408, 0
2650 214 WISSION [MPRLVLY ;. 230/ROA-330 230’ 10233 408 a8 0
2650 214NONE _ lIMPRLVLY {  230'ROA-230 230 102,62 408 48 0
2650 214SNLREY {IMPRLVLY ¢ 230/ROA-230 230 104, 58{ """"""" 408 48 o
2650 214'SNLREY |{TALEGA ; 138: SANMTOTP 138; 103.03 274 274 0;
2650 214 TALEGA [IMPRLVLY | 230:ROA-230 230 10253 408 48] 0
2650 215 MISSION  {SANLUSRY eg‘smwsav 230° 10033 024 301 1
2650 215 NONE IMPRLVLY 230‘R0A-230 230 100.38 408 408 0
2650 215NONE __ [SANLUSRY 69 SANLUSRY | 230 104.98 224 301 1
2650 215 SNLREY |IMPRLVLY . 230ROA230 | 230 101.16 408} 408 0
2650 215 SNLREY ISANLUSRY : 69 SANLUSRY 230, 100,33 224 301] 1
2650 “216ENCINA _[PENSQTOS . 230.ENCINA 230 14551 797 7971 o
s S eNGRA ™ ESCNBOST | lESeNBIBE T e 1'03"6'6;""""""""'"""65 " S
2650 219MS+TA _ (ESCNDOS1 138'ESCNDIDO 69, 10122 63 82, 1
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Appendix E
List of Overloads

Table E.1
IMPORT [OUTAGE|. ~UPFC, |. & FROM | . | . | LOADING |NRATING E RATING | "
_(MW) -| CASE :|LOCATION |-FROM gus' A 'rg BUS | TOKV. | (%EMER) |\ (MVA) ] (MVA) |XFMR
2650 | 219 MISSION |ESCNDOSI i 138/ESCNDIDO 69 102.44} 63 82 1
2650 224’ NONE CALAVRTP - 138 SHADOWR 138, 101.16! 112 112 o
2650 224 SNLREY |CALAVRTP | 138§SHADOWR 138 102.65! 112 12, ©
2650 224 SNLREY |ESCNDOS0 |  138,ESCNDIDO 69 100.00; 63 82 1
2650 224 TALEGA |ESCNDOS0 ;  138,ESCNDIDO 69, 100,00, 63 82 1
2650 224 TALEGA |CALAVRTP ;  138,SHADOWR 138! 101.59' 112 112, 0
2650 230 MS+TA _ |SOUTHBAY ! 69 SOUTHBAY 138 11220 140 164 1
2650 {" 230 ENCINA _ |SOUTHBAY 69! SOUTHBAY 138; 11220, 140 164] 1
2650 230 MISSION _|SOUTHBAY | 69' SOUTHBAY 138, 111,59, 140; 164, 1
2650 230NONE  |SOUTH 69; SOUTHBAY 138, 11220, 140; 164 1
2650 230 SNLREY _ |SOUTH " "'69' SOUTHBAY 138: 11280, 140{l TTTeal 1
2650 230 TALEGA  |SOUTHBAY : 69'SOUTHBAY ; 138 112.20' 140; 164, 1
2650 | 23MSeTA__ [SOUTHBAY " 'GO'SCUTHBAY ; ~ 138~ 10244 - Tt 164 1
2650 232 ENCINA__ ISOUTHBAY : 69;SOUTHBAY | — 138 103.05; 140 164 1
2650 232 MISSION _{SOUTHBAY 69 SOUTHBAY i 138 01,63 140 164 1
2650 232NONE __ |SOUTHBAY ,  69'SOUTHBAY 138 10366, , 140 164l 1
Seey T SNLREY Py 69 SGUTHBRY 1™ " 138 i TS i, A 145% T
2650 232 TALEGA _|SOUTHBAY - 53 SOUTHBAY ' 103.66; 140} 164 1
2650 234ENCINA _ {ESCNDOS0 | 138 ESCNDIDO 102.44' 63 82 1
2650 "T234ENCINA _ |PENSQTOS .  230ENCINA 1 14501, 797} 791 0
2650 234 ENCINA _{CALAVRTP 138 SHADOWR 103.94 112 12} 0
2650 "234MISSION  (CALAVRTP ""7138 SHADOWR | 100311 112 112 0
2650 | 234NONE __ |CALAVRTP : 138 SHADOWR | 101.80; 112 112, 0
5650 | 234 NONE  {ESCNDOSO . 138 ESCNDIDO | 101.22 63! 82l 1
2650 234 SNLREY CALAVRTP .~ 133 SHADOWR 102.87; 112 12, 0
e e TEy EsENbo% | T idesentioe”] T
2650 234 TALEGA IESCNDOS0 | 138 ESCNDIDO 100 00' 63 82, 1
2650 234 TALEGA  (CALAVRTP 38/SHADOWR 101.37 112 12, 0
2650 236 ENCINA_ |ESCNDIDO =~ 69 ESCNDIDO G 224 239 1
2650 236 ENCINA _ IESCNDIDO ° 69'ESCNDIDO | 12259, 224 239, 1]
2650 236 ENCINA _(ESCNDIDO . 230ENCINA 1 146 76! 797 797; 0
P o ENClNAmmiSYCAMORE N ™ I
2650 {  237ENCINA ESCNDIDO 69 ESCNDIDO 12218 24 - 230 1
2650 | 237.ENCINA _ISYCAMORE -~ 230SYCAMORE 1102.46; 24, 285 1
2650 237.ENCINA ~_ {ESCNDIDO | 230’EN"<':'|NA """"""""" 230 14676, 797 7971 0
2650 237.ENCINA _ |ESCNDIDO _69'ESCNDIDO 230, 12259 224 2390 1
20 . 247.ENCINA _ [EASTGTP 69 MIRAMRTP 6. 10709, .50 0.5
2/8/99 page 8 of 8 zbase1.xIs



N

2/10/99

Appendix E
List of Undervoltage Buses
Table E.2

"ﬂs;’ﬁ \:\ o OLT[' G\g :@ QEFQ& Y ::i::m:: ‘;\1;'#’» ’ m P&Eﬁ%‘ EOST“ o
IMPORT/ . "CASE: - ILOCATION| BUSNUM| BUSNAME | KV.|VOLT} VOLT |

2650 9|TA+MS 30106/BOLVRDTP | 69] 1.00; 0.87{ 0.13
2650 9| TA+MS 30110]BOULEVRD | 69! 0.99] 0.87] 0.13
2650 9] TA+MS 30112]CAMERON | 69] 1.00 0.87} 0.13
2650 " 9|TA+MS 30141]JGLENCLIF | 69 1.00! 0.88] 0.11
2650 9|TA+MS 30233|BARRETT | 69/ 1.00/ 0.86] 0.14
2650 9|TA+MS 30371/GLNCLFTP | 69] 1.00; 0.88] 0.11
2650 9|ENCINA 30371/GLNCLFTP | 69/ 0.99] 0.88] 0.11
2650 9|ENCINA 30233|BARRETT | 69| 1.00{ 0.85{ 0.14
2650 9/ENCINA 30141JGLENCLIF | 69} 0.99] 0.88; 0.11
2650 91ENCINA 30112]CAMERON | 69] 0.99] 0.86] 0.14
2650 9|ENCINA 30109|BORREGO | 69] 0.93{ 0.90] 0.03
2650 9/ENCINA 30106/BOLVRDTP | 69/ 0.99] 0.86] 0.13
2650 9/ENCINA 30110]BOULEVRD | 69 0.99! 0.86] 0.13
2650 9IMISSION 30112]CAMERON | 69{ 1.00{ 0.87{ 0.13
2650 9/MISSION 30110/BOULEVRD| 69} 0.99! 0.87] 0.13
2650 9IMISSION 30106{BOLVRDTP | 69/ 1.00/ 0.87 0.13
2650 9|MISSION 30233|BARRETT | 69/ 1.00{ 0.86] 0.14
2650 9/MISSION 30371JGLNCLFTP | 69] 1.00] 0.88] 0.11
2650 9/MISSION 30141|GLENCLIF | 69] 1.00; 0.88/ 0.11
2650 9INONE 30141|GLENCLIF | 69} 0.99| 0.88} 0.11
2650 9INONE 30110]BOULEVRD| 69] 0.98] 0.86] 0.13
2650 9INONE 30112)CAMERON | 69 0.99; 0.86] 0.14
2650 9|NONE 30109]BORREGO | 69} 0.93j 0.90; 0.03
2650 9:NONE 30233|BARRETT | 69/ 1.00{ 0.85] 0.14
2650 9INONE 30371IGLNCLFTP | 69 0.99/ 0.88] 0.11
2650 9INONE 30106{BOLVRDTP | 69] 0.99! 0.86] 0.13
2650 9/SNL REY 30233|BARRETT | 69} 1.00] 0.85] 0.14
2650 9ISNL REY 30112JCAMERON | 69} 0.99! 0.86! 0.14
2650 9/SNL REY 30371)GLNCLFTP | 69] 0,99/ 0.87] 0.11
2650 9/SNL REY 30110]BOULEVRD| 69} 0.98] 0.86] 0.13
2650 9/SNL REY 30109|BORREGO | 69! 0.93; 0.90; 0.03
2650 9/SNL REY 30106{BOLVRDTP | 69 0.99] 0.86{ 0.13
2650 9/SNL REY 30141{GLENCLIF | 69] 0.99! 0.87] 0,11
2650 9/ TALEGA 30109{BORREGO | 69} 0.93; 0.90{ 0.03
2650 9| TALEGA 30141|{GLENCLIF | 69} 0.99; 0.88! 0.11
2650 9| TALEGA 30371]GLNCLFTP | 69] 0.99; 0.88] 0.11
2650 9ITALEGA 30233|BARRETT | 69; 1.00i 0.85 0.14
2650 9| TALEGA 30110]BOULEVRD |" 69} 0.99] 0.86] 0.13
2650 9| TALEGA 30112]/CAMERON | 69! 0.99! 0.86] 0.13
2650 9ITALEGA 30106{BOLVRDTP { 69| 0.99{ 0.86] 0.13
2650 12| TA+MS 30030{ESCNDOS51 | 138} 0.99] 0.89] 0.10
2650 12|ENCINA 30030]ESCNDOS1 [ 138} 0.99; 0.89] 0.10
2650 12{MISSION 30030]ESCNDOS1 |138] 0.99! 0.89] 0.10
2650 12{NONE 30030JESCNDOS51 | 138/ 0.99; 0.89] 0.10
2650 12{SNL REY 30030;ESCNDO51 | 138/ 0.99] 0.89] 0.10
2650 12{TALEGA 30030/ESCNDO51 {138} 0.99! 0.89] 0.10
2650 24| TA+MS 30029{ESCNDOS0 | 138] 0.98] 0.87] 0.11
2650 | 24|TA+MS 30349]SHADOWR | 138} 1.00; 0.86] 0.14
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Appendix E
List of Undervoltage Buses

Table E.2

“r JOUTAGEL UPFC -~ [ ¢ =~ -T i [PRE-JPOST] <
IMPORT|.- CASE " JLOCATION| BUSNUM| BUSNAME. | KV.| VOLT| VOLT;

2650 24|ENCINA 30349{SHADOWR 138! 1.00{ 0.85

2650 24/ ENCINA 30029|ESCNDOS0 | 138] 0.98; 0.86] 0.12
2650 24/ MISSION 30029ESCNDOS0 | 138{ 098, 0.87f 0.1
2650 24|MISSION 30349{SHADOWR {138 1.00; 0.86; 0.14
2650 24|NONE 30029{ESCNDOS0 { 138{ 0.98] 0.86; 0.11
2650 24iNONE 30349{SHADOWR |138] 1.00; 0.85 0.15
2650 24|SNL REY 30349|SHADOWR 1138 1.00;] 0.85 0.15
2650 24/|SNL REY 30029,ESCNDOS0 | 138; 0.97] 0.86f 0.11
2650 24/ TALEGA 30029{ESCNDOS50 | 138! 0.98; 0.86; 0.11
2650 24| TALEGA 30349;SHADOWR 138 1.00; 0.86; 0.15
2650 66]NONE 30109;BORREGO |.69] 093} 0.89] 0.03
2650 66/{SNL REY 30173{NARROWS | 69 0.94] 0.90; 0.04
2650 66/SNL REY 30109;BORREGO | 69 0.93; 0.88] 0.04
2650 142|ENCINA 30109;BORREGO | 69i 0.93] 0.90; 0.03
2650 142INONE 30109/BORREGO | 69 0.93; 0.90; 0.03
2650 142{SNL REY 30109,BORREGO | 69; 0.93; 0.90; 0.03
2650 | 142/ TALEGA 30109;BORREGO | 69! 0.93; 0.90; 0.03
2650 | 143|TA+MS 30029;ESCNDOS50 | 138! 0.98] 0.88] 0.09
2650 143]ENCINA 30029,ESCNDOS0 | 138; 098! 0.88] 0.10
2650 143|MISSION 30029;ESCNDOS0 | 138} 0.98! 0.88 0.09
2650 143|NONE 30029;ESCNDOSO | 1381 0.98} 0.88; 0.10
2650 143|SNL REY 30029;ESCNDOSO | 138; 0.97; 0.88; 0.10
2650 143|TALEGA 30029/ESCNDOS50 | 138] 0.98; 0.88; 0.09
2650 165/ TA+MS 30109{BORREGO | 69 094! 0.88f 0.05
2650 165|TA+MS 30173INARROWS | 69, 0.95; 0.90; 0.05
2650 165]ENCINA 30109{BORREGO | 69 093! 0.88] 0.05
2650 165]ENCINA 30173|]NARROWS | 69 0.94] 0.89] 0.05
2650 165|MISSION 30173|NARROWS | 69! 0.95 0.80; 0.05
2650 165|MISSION 30109/BORREGO | 69; 0.93; 0.88; 0.05
2650 165|NONE 30173{NARROWS | 69! 0.94] 0.89! 0.05
2650 165|NONE 30108;BORREGO | 69; 093! 0.88; 0.05
2650 165|SNL REY 30173NARROWS | 69; 0.94] 0.89; 0.05
2650 165]SNL REY 30109;BORREGO | 69 0.93} 0.88; 0.05
2650 165{TALEGA 30173|NARROWS | 69; 0.94] 089} 0.05
2650 165/ TALEGA 30109,BORREGO | 69{ 0.93; 0.88; 0.05
2650 219|TA+MS 30029]ESCNDOS0 | 138! 0.98; 0.87] 0.11
2650 219{TA+MS 30349iSHADOWR | 138! 1.00: 0.86! 0.14
2650 219]ENCINA 30029{ESCNDOS0 | 138; 0.98] 0.86] 0.12
2650 219/ENCINA 30349|SHADOWR | 138} 1.00! 0.85] 0.15
2650 219/MISSION 30349;SHADOWR {138} 1.00; 0.86; 0.15
2650 219|MISSION 30029/ESCNDOS0 | 138, 0.98! 0.86{ 0.11
2650 219/NONE 30029/ESCNDOS0 | 138! 098] 0.86; 0.11
2650 219{NONE 30349;SHADOWR {138; 1.00; 0.85] 0.15
2650 219|SNL REY 30349|SHADOWR 1138; 1.00{ 0.85f 0.15
2650 219{SNL REY 30029,ESCNDO50 | 138! 0.97; 0.86] 0.12
2650 219TALEGA 30029{ESCNDOSO0 | 138; 0.98; 0.86; 0.11
2650 219ITALEGA 30349;SHADOWR {138{ 1.00; 0.85] 0.15
2650 220{TA+MS 30349;SHADOWR 138} 1.00 0.86] 0.14
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Appendix E
List of Undervoltage Buses

Table E.2
o g7 Y O R IR [ e
IMPORT|. CASE "|LOCATION| BUSNUM| BUSNAME | KV VOLT| VOLT.
2650 220iTA+MS 30029]ESCNDOS0 | 138} 0.98] 0.87
2650 220/ENCINA 30349{SHADOWR | 138/ 1.00; 0.85
2650 220|ENCINA 30029;ESCNDOS0 | 138} 0.98] 0.86
2650 220|MISSION 30029|ESCNDOS0 | 138] 0.98! 0.87
2650 220/MISSION 30349;SHADOWR | 138/ 1.00] 0.86
2650 220|NONE 30029;ESCNDO50 | 138/ 0.98! 0.86
2650 220|NONE 30349|SHADOWR {138} 1.00] 0.85
2650 220iSNL REY 30349;SHADOWR | 138} 1.00{ 0.85
2650 220/SNL REY 30029]ESCNDO50 | 138] 0.97i 0.86
2650 220{TALEGA 30029]ESCNDOS50 | 138/ 0.98] 0.86
2650 220/ TALEGA 30349{SHADOWR | 138/ 1.00{ 0.86
2650 223|TA+MS 30349]SHADOWR | 138] 1.00] 0.84
2650 223|TA+MS 30030{ESCNDOS1 | 138] 0.99! 0.88
2650 223|TA+MS 30029|ESCNDOS0 | 138 0.98] 0.85
2650 223|ENCINA 30029]ESCNDOS50 | 138] 0.98! 0.85
2650 223|ENCINA 30030{ESCNDO51 | 138/ 0.99! 0.87
2650 223|ENCINA 30349SHADOWR | 138] 1.00i 0.84
2650 223|MISSION 30349{SHADOWR | 138] 1.00; 0.84
2650 223/MISSION 30030{ESCNDO51 | 138/ 0.99! 0.88
2650 223|MISSION 30029]ESCNDOS50 | 138}, 0.98; 0.85
2650 223|NONE 30029]ESCNDOS0 | 138} 0.98] 0.84
2650 223|NONE 30030{ESCNDOS51 | 138] 0.89] 0.87
2650 223{NONE 30349;SHADOWR | 138; 1.00; 0.83
2650 223|SNL REY 30030]ESCNDO51 | 138] 0.99] 0.87
2650 223|SNL REY 30349]SHADOWR | 138/ 1.00{ 0.83
2650 223|SNL REY 30029]ESCNDOS50 | 138] 0.97; 0.84
2650 223|TALEGA 30349;SHADOWR | 138] 1.00] 0.84
2650 223|TALEGA 30030{ESCNDOS51 | 138/ 0.99; 0.87
2650 223iTALEGA 30029;ESCNDOS50 | 138; 0.98; 0.84
2650 | 234| TA+MS 30030;ESCNDO51 | 138/ 0.99] 0.88
2650 234/ENCINA 30030{ESCNDOS51 | 138/ 0.99] 0.87
2650 234{MISSION 30030{ESCNDO51 { 138} 0.99; 0.88
2650 234]NONE 30030;ESCNDOS51 | 138] 0.99! 0.87
2650 234/SNL REY 30030]ESCNDOS1 | 138/ 0.99] 0.87
2650 234|TALEGA 30030;ESCNDOS51 | 138] 0.99; 0.87
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Appendix E

List of buses with more than 5% Voltage Deviation

Table E.3
"1 OUTAGE | UPFC 7, e el L VPRE: [POSTH
CASE LOCATION BUSNUM B,USNAME KV {VOLT] VOLT.
9, TA+MS 30233|BARRETT | 69} 1.00} 0.86 0.14 14
9 TA+MS 30371|GLNCLFTP | 69} 1.00; 0.88] 0.11
9 TA+MS 30112{CAMERON | 69; 1.00f 0.87} 0.13
9; TA+MS 30110{BOULEVRD | 69 099} 087} 0.13
9. TA+MS 30106|BOLVRDTP | 69] 1.00; 0.87] 0.13
9| TA+MS 30141{GLENCLIF 69; 1.00f 0.88 0.1
9:ENCINA 30141{GLENCLIF 69] 099; 0.88 0.1
9:ENCINA 30106|BOLVRDTP | 69; 0.99] 0.86f 0.13
9,ENCINA 30112iCAMERON : 69} 0.99] 0.86] 0.14
9:ENCINA 30233|BARRETT 69 1.00f 0.85 0.14
9!ENCINA 30371|GLNCLFTP | 69; 099 0.88] 0.11
9.ENCINA 30110|BOULEVRD} 69; 0.99; 0.86; 0.13
9:MISSION 30141;GLENCLIF 69/ 1.00; 0.88] 0.11
9:MISSION 30106{BOLVRDTP | 69 1.00f 0.87{ 0.13
9!MISSION 30110/BOULEVRD | 69} 0.99; 0.87; 0.13
9iMISSION 30112|]CAMERON { 69} 1.00f 087 0.13
9:MISSION 30233|BARRETT 69, 1,00 0.86] 0.14
9;MISSION 30371|GLNCLFTP : 69; 1.00f 088} 0.11
9;NONE 30112|CAMERON | 69} 0.99; 0.86] 0.14
9:NONE 30110]BOULEVRD ! 69} 0.98, 0.86! 0.13
9;:NONE 30141}GLENCLIF 69; 099 088 0.11
9:NONE 30233|BARRETT 69 1.00f 085 0.14
9,NONE 30371|GLNCLFTP | 69 0.99; 0.88 0.11
9. NONE 30106|BOLVRDTP ; 69} 099} 0.86] 0.13
9,SNL REY 30110/|BOULEVRD | 69} 098] 0.86} 0.13
9:SNL REY 30371iGLNCLFTP | 69} 0.99] 0.87{ 0.11
9{SNL REY 30233{BARRETT 69] 1.00f 0.85 0.14
9:SNL REY 30141{GLENCLIF 69 0.99; 0.87, 0.11
9;SNL REY 30106|BOLVRDTP | 69} 0.99] 0.86; 0.13
9:SNL REY 30112iCAMERON | 69} 099} 086} 0.14
9! TALEGA 30106|BOLVRDTP | 69} 0.99; 0.86] 0.13
9; TALEGA 30141{GLENCLIF 69} 0.99; 0.88; 0.11
9,TALEGA 30110]BOULEVRD{ 69] 0.99; 0.86f 0.13
9 TALEGA 30112|CAMERON | 69} 0.99] 0.86; 0.13
9iTALEGA 30233|BARRETT 69} 1.00; 0.85 0.14
9iTALEGA 30371]GLNCLFTP { 69} 0.99; 0.88] 0.11
12| TA+MS 30030;ESCNDOS1 | 138} 0.99; 0.89 0.10
12;ENCINA 30030JESCNDOS51 {1138} 0.99f 0.89; 0.10
12iMISSION 30030JESCNDOS51 {138} 0.99; 0.89 0.10
12;NONE 30030{ESCNDOS51 | 138; 0.99; 0.8} 0,10
12;SNL REY 30030{ESCNDO51 { 138{ 0.99] 0.89; 0.10
12| TALEGA 30030|ESCNDOS1 | 138} 0.99f 0.88; 0.10
24| TA+MS 30029]ESCNDOS0 | 138} 0.98] 0.87] 0.11
24| TA+MS 30349|SHADOWR | 138 1.00f 0.86] 0.14
24ENCINA 30349{SHADOWR {138{ 1.00{ 0.85{ 0.15
24:ENCINA 30029|ESCNDOS0 | 138] 0.98] 0.86}] 0.12
24!MISSION 30029,ESCNDOS50 { 138} 0.98; 0.87f 0.11
24iMISSION 30349|SHADOWR | 138} 1.00f 0.86] 0.14
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Appendix E
List of buses with more than 5% Voltage Deviation

Table E.3
| 2650 24]|NONE 30029/ESCNDO50 | 138} 0.98; 0.86 0.1
2650 24]NONE 30349/SHADOWR | 138; 1.00] 0.85] 0.15
2650 24iSNL REY 30349{SHADOWR {138} 1.00f 0.85 0.15
2650 24|SNL REY 30029;ESCNDOS0 | 138 0.97{ 0.86 0.11
2650 24iTALEGA 30349]SHADOWR {138} 1.00] 0.86 0.15
2650 24| TALEGA 30029|ESCNDOS0 | 138] 0.98; 0.86 0.11
2650 143 TA+MS 30029ESCNDO50 i 138; 0.98; 0.88 0.09
2650 143,ENCINA 30029;ESCNDOS50 | 138; 0.98/ 0.88 0.10
2650 143MISSION 30029]ESCNDO50 | 138 0.98] 0.88 0.09
2650 143:NONE 30029|ESCNDO50 | 138 0.98! 0.88 0.10
2650 143{SNL REY 30029ESCNDO50 { 138f 0.97] 0.88 0.10
2650 143]TALEGA 30029/ESCNDOS0 | 138/ 0.98] 0.88/ 0.09
2650 165 TA+MS 30173]NARROWS | 69 0.95 0.90 0.05
2650 165 TA+MS 30109|BORREGO 69] 0.94 0.88 0.05
2650 165/ENCINA 30109|BORREGO | 69] 0.93] 0.88] 0.05
2650 165|ENCINA 30173|NARROWS | 69{ 0.94f 0.89 0.05
2650 165|MISSION 30109]BORREGO | 69] 0.93] 0.88] 0.05
2650 165;MISSION 30173|NARROWS | 69; 0,95 0.90 0.05
2650 165;NONE 30173INARROWS | 69} 0.4} 0.89 0.05
2650 165:NONE 30109BORREGO | 69 0.93] 0.88] 0.05
2650 165/SNL REY 30173|NARROWS | 69 0.94] 0.89] 0.05
2650 165{SNL REY 30109|BORREGO | 69| 0.93] 0.88f 0.05
2650 165, TALEGA 30173]NARROWS | 69 0.94] 0.89] 0.05
2650 165! TALEGA 30109;BORREGO 69} 0.93; 0.88 0.05
2650 219iTA+MS 30029]ESCNDOS0 | 138! 0.98{ 0.87 0.11
2650 219, TA+MS 30349;SHADOWR |{138] 1.00; 0.86 0.14
2650 219,ENCINA 30029|ESCNDO50 ; 138} 0.98; 0.86 0.12
2650 219.ENCINA 30349!SHADOWR | 138| 1.00f 0.85 0.15
2650 219;MISSION 30028ESCNDO50 | 138; 0.98{ 0.86 0.11
2650 219/MISSION 30349|SHADOWR {138} 1.00f 0.86 0.15
2650 219:NONE 30349]SHADOWR | 138; 1.00f 0.85 0.15
2650 219;NONE 30029/ESCNDO50 | 138] 0.98] 0.86] 0.11
2650 219:SNL REY 30349;{SHADOWR | 138} 1.00f 0.85 0.15
2650 219|SNL REY 30029:ESCNDO5S0 | 138{ 0.97{ 0.86 0.12
2650 219iTALEGA 30029,ESCNDO50 ; 138{ 0.98 0.86 0.11
2650 219]TALEGA 30349/SHADOWR | 138/ 1.00f 0.85] 0.15
2650 220; TA+MS 30028ESCNDO50 § 138] 0.98] 0.87 0.1
2650 220;TA+MS 30349;SHADOWR 138} 1.00; 0.86 0.14
2650 220;ENCINA 30349{SHADOWR {138 1.00f 0.85 0.15
2650 220;ENCINA 30029|ESCNDO50 { 138] 0.98] 0.86 0.12
2650 220;MISSION 30349{SHADOWR ; 138/ 1.00; 0.86 0.14
2650 220;MISSION 30029|ESCNDO50 | 138] 0.98] 0.87 0.11
2650 220;:NONE 30029:ESCNDOS0 | 138 0.98; 0.86 0.11
2650 220;NONE 30349|SHADOWR {138} 1.00] 0.85 0.15
2650 220!SNL REY 30029/ESCNDOS0 | 138/ 0.97] 0.86] 0.11
2650 220{SNL REY 30349jSHADOWR {138} 1.00] 0.85 0.15
2650 220;TALEGA 30349|SHADOWR | 138} 1.00] 0.86 0.15
2650 220iTALEGA 30029;ESCNDOS0 § 138; 0.98] 0.86 0.1
2650 223ITA+MS 30349{SHADOWR {138f 1.00} 0.84 0.16
2650 223/ TA+MS 30029|ESCNDOS0 { 138} 0.98] 0.85 0.13
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Appendix E
List of buses with more than 5% Voltage Deviation

Table E.3
2650 223|TA+MS 30030;ESCNDO51 | 138; 0.99; 0.88 0.11
2650 2231ENCINA 30349;SHADOWR {138} 1.00f 0.84 0.16
2650 223/ENCINA 30030iESCNDO51 {138; 0.99] 0.87 0.12
2650 223IENCINA 30029|ESCNDOS50 | 138 0.98{ 0.85 0.13
2650 223IMISSION 30030;ESCNDO51 | 138} 0.99; 0.88 0.12
2650 223:MISSION 30349{SHADOWR {138} 1.00; 0.84 0.16
2650 223 MISSION 30029|ESCNDOS50 | 138, 0.98; 0.85 0.13
2650 223;NONE 30030}ESCNDOS51 {138} 0.99; 0.87 0.12
2650 223!NONE 30349]SHADOWR | 138! 1.00; 0.83 0.17
2650 223:NONE 30029|ESCNDOS50 : 1381 0.98; 0.84 0.13
2650 223|SNL REY 30029;ESCNDOS0 | 138} 0.97; 0.84 0.13
2650 223;SNL REY 30349]SHADOWR {138/ 1.00; 0.83 0.17
2650 223!SNL REY 30030jESCNDOS51 {138} 0.99] 0.87 0.12
2650 223iTALEGA 30030jESCNDOS1 : 138; 0.99 0.87 0.12
2650 223! TALEGA 30029]ESCNDO50 { 138F 0.98f 0.84 0.13
2650 223ITALEGA 30349]SHADOWR | 138; 1.00] 0.84 0.17
2650 234 TA+MS 30030;ESCNDO51 : 138, 0.99; 0.88 0.1
2650 234! ENCINA 30030|ESCNDO51 {138} 0.99 0.87 0.12
2650 234!MISSION 30030,ESCNDO51 ; 138{ 0.99] 0.88 0.1
2650 234:NONE 30030;ESCNDOS51 | 138; 0.99; 0.87 0.12
2650 234!SNL REY 30030{ESCNDOS51 {138/ 0.99; 0.87 0.12
2650 234: TALEGA 30030iESCNDOS51 {138} 0.99; 0.87 0.1
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Appendix E
List of Undervoltage Buses (one SONGS off)

Table E.4 I
%+ - JOUTAGE] "UPFGC™ |-t b v 0 L7 1 PRE= | POST«{
MPORT| -CASE: |LOCATION|BUSNUM| BusNAME | kv | vorT.] voiT.
2650 106|NONE 30109{BORREGO 69 0.92 0.86 .
2650 106|NONE 30109:BORREGO 69 0.92 0.86 0.06
2650 9iSNL REY 30371iGLNCLFTP 69 0.98 0.87 0.12
2650 165{SNL REY 30109|BORREGO 69 0.92 0.87 0.05
2650 9{ENCINA 30110;BOULEVRD | 69 0.98 0.85 0.13
2650 91ENCINA 30112:CAMERON 69 0.99 0.85 0.14
2650 9 ENCINA 30123IDESCANSO | 69 0.99 0.90 0.09
2650 9|SNL REY 30141;GLENCLIF 69 0.98 0.87 0.12
2650 9iENCINA 30106iBOLVRDTP 69 0.99 0.86 0.13
2650 9iENCINA 30233;BARRETT 69 0.99 0.85 0.15
2650 9iMISSION 30110;BOULEVRD | 69 0.99 0.86 0.13
2650 9:MISSION 30112iCAMERON 69 1.00 0.86 0.14
2650 9/NONE 30141{GLENCLIF 69 0.99 0.87 0.12
2650 9IMISSION 30233BARRETT 69 1.00! 0.86 0.14
2650 9 NONE 30371iGLNCLFTP 69 0.99; 0.87 0.12
2650 9:MISSION 30106:BOLVRDTP 69 1.00; 0.87 0.13
2650 9INONE 30123|DESCANSO | 69 0.99 0.90 0.09
2650 9!NONE 30106:BOLVRDTP 69 0.99 0.86 0.13
2650 165{ENCINA 30109:BORREGO 69 0.92 0.87 0.05
2650 9{NONE 30110:BOULEVRD | 69{- 0.98 0.85 0.13
2650 9INONE 30112;CAMERON 69 0.99 0.85 0.14
2650 9|NONE 30141GLENCLIF 69 0.99 0.87 0.12
2650 9/NONE 30233:BARRETT 69 0.99 0.85 0.15
2650 SiINONE 30371{GLNCLFTP 69 0.99 0.87 0.12
2650 9iNONE 30106:BOLVRDTP 69 0.99 0.86 0.13
2650 165|NONE 30109;BORREGO 69 0.92 0.87 0.05
2650 9iNONE 30110:BOULEVRD | 69 0.98; 0.85 0.13
2650 9iNONE 30233;BARRETT 69 0.99; 0.85 0.15
2650 9INONE 30112 CAMERON 69 0.99} 0.85 0.14
2650 9i{NONE 30123;:DESCANSO | 69 0.99: 0.90 0.09
2650 9iSNL REY 30106;BOLVRDTP 69 0.99 0.86 0.13
2650 9:SNL REY 30233:BARRETT 69 0.99 0.85 0.15
2650 9:ENCINA 30141;GLENCLIF 69 0.99 0.87 0.12
2650 9iSNL REY 30123;DESCANSO | 69 0.99 0.90 0.09
2650 9iSNL REY 30112i{CAMERON 69 0.99 0.85 0.14
2650 165|NONE 30109;BORREGO 69 0.92 0.87 0.05
2650 9iENCINA 30371{GLNCLFTP 69 0.99 0.87 0.12
2650 9{SNL REY 30110:BOULEVRD | 69 0.98 0.85 0.13
2650 9 TALEGA 30233;BARRETT 69 1.00 0.85 0.14
2650 9 TALEGA 30112iCAMERON 69 0.99 0.86 0.14
2650 9iTALEGA 30110;BOULEVRD | 69 0.98 0.86 0.13
2650 9 TALEGA 30106;BOLVRDTP 69 0.99 0.86 0.13
2650 9| TALEGA 30141:GLENCLIF 69 0.99 0.87 0.1
2650 91 TA+MS 30233;BARRETT 69 1.00 0.86 0.14
2650 9iTA+MS 30110:BOULEVRD | 69 0.99 0.86 0.13
2650 9iTA+MS 30112iCAMERON 69 1.00 0.86 0.14
2650 9iITA+MS 30106iBOLVRDTP 69 1.00 0.87 0.13
2650 9iTALEGA 30371IGLNCLFTP 69 0.99; 0.87 0.11
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Appendix E

List of Undervoltage Buses (one SONGS off)

Table E.4

=. . IOUTAGE “Qfg% e T U PRES L POSTaY

IMPORT{ CASE |LOCATIO BUSNQM 'BUSNAME "I KV | VOLT| VOLT- D

2650 9|MISSION 30141]GLENCLIF | 69] 1.00; 0.88] 0.12
2650 9/MISSION 30371|GLNCLFTP | 69] 1.00f 0.88/ 0.12
2650 165| TALEGA 30109;BORREGO | 69] 093] 0.88] 0.05
2650 9|TA+MS 30141|GLENCLIF | 69} 1.000 0.88] 0.11
2650 9iTA*MS 30371|GLNCLFTP | 69] 1.00] 0.88; 0.11
2650 12|ENCINA 30030;ESCNDOS1 | 138! 099 0.86] 0.13
2650 12{MISSION 30030'ESCNDOS1 | 138 0.99] 0.86] 0.13
2650 12|NONE 30030ESCNDOS51 |138] 0.99 0.86] 0.13
2650 12|NONE 30030!ESCNDOS51 |138] 0.99] 0.86] 0.13
2650 12|SNL REY 30030:ESCNDO51 [ 1381 0.99: 0.87] 0.12
2650 12{TALEGA 30030,ESCNDO51 |138] 0.99 0.87] 0.12
2650 12| TA+MS 30030;ESCNDOS1 | 138] 0.99; 0.87F 0.12
2650 223|SNL REY 30349;SHADOWR [138] 1.000 0.82] 0.18
2650 24| ENCINA 30029'ESCNDOS0 |138] 0.98] 0.83] 0.14
2650 24]MISSION 30029.ESCNDOS0 {138 098] 0.83] 0.14
2650 223|NONE 30349:SHADOWR {138 1.00; 0.83] 0.17
2650 223/NONE 30349'SHADOWR | 138/ 1.00] 0.83] 0.17
2650 24]NONE 30029.ESCNDO50 | 138} 0.97f 0.83] 0.14
2650 24]NONE 30029:ESCNDOSO | 138] 0.97; 0.83] 0.14
2650 24|SNL REY 30029/ESCNDOS0 | 138]. 0.97] 0.84] 0.13
2650 223|TALEGA 30349:SHADOWR {138/ 1.00] 0.83] 0.17
2650 24| TALEGA 30029,ESCNDO50 | 138] 0.98 0.84] 0.13
2650 24|TA+MS 30029/ESCNDO50 {138 0.98] 0.84] 0.13
2650 223|ENCINA 30349;SHADOWR 138 1.00;f 0.83] 0.17
2650 223{MISSION 30349!SHADOWR |[138] 1.00] 0.84] 0.16
2650 223|TA+MS 30349;SHADOWR | 138 1.00 0.84, 0.16
2650 165|MISSION 30109:BORREGO | 69} 093] 0.88] 0.05
2650 165|TA+MS 30109:BORREGO 69 0.93 0.88 0.05
2650 106]NONE 30173INARROWS | 69] 0.94] 0.88 0.06
2650 106INONE 30173;NARROWS | 69 094 0.88] 0.06
2650 1{SNL REY 30109'BORREGO | 69] 0.92] 0.89] 0.04
2650 142|SNL REY 30109;BORREGO | 69] 0.92] 0.89] 0.03
2650 9|SNL REY 30109;BORREGO | 69] 0.92] 0.89] 0.03
2650 165[SNL REY 30173/NARROWS | 69] 0.94i 0.89] 0.05
2650 223{SNL REY 30109:BORREGO | 69} 092 0.89] 0.03
2650 142]ENCINA 30109;BORREGO | 69 0.92; 0.89] 0.03
2650 142|NONE 30109:BORREGO | 69 0.92i 0.89] 0.03
2650 142|NONE 30109:BORREGO | 69] 0.92] 0.89] 0.03
2650 9INONE 30109:BORREGO | 69] 0.92i 0.89] 0.03
2650 9INONE 30109:BORREGO 69 0.92 0.89 0.03
2650 143]ENCINA 30029/ESCNDOS0 | 138 0.98! 0.85] 0.12
2650 143]MISSION 30029;ESCNDO50 | 138 098/ 0.85] 0.12
2650 143]NONE 30029]ESCNDOS0 |138] 0.97; 0.85] 0.12
2650 143{NONE 30029 ESCNDO50 |138] 0.97f 0.85] 0.12
2650 143]SNL REY 30029:ESCNDO50 |138] 0.97; 0.85] 0.12
2650 143;TALEGA 30029:ESCNDO50 | 138 0.98 0.85 0.12
2650 143| TA+MS 30029;ESCNDOS0 {138 098/ 0.85] 0.12
2650 165]ENCINA 30173/NARROWS | 69 0.94] 0.89] 0.05
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Appendix E

List of Undervoltage Buses (one SONGS off)

TableE4

e JOUTAGE[T UBFGy ..~ |~ . 1 ..] PRE: [POSE[ *
IMPORT| - CASE¢|LOCATION| BUSNUM|"BUSNAME { KV | VOLT:|-VOLT.

2650 165|NONE 30173/NARROWS | 69] 0.94] 0.89

2650 223|NONE 30109,BORREGO | 69 0.92: 0.89 0.03
2650 165|NONE 30173;NARROWS | 69; 0.94] 0.89] 0.05
2650 223|NONE 30109;BORREGO | 69; 0.92! 0.89] 0.03
2650 9IENCINA 30109.BORREGO | 69 0.92; 0.89} 0.03
2650 165 TALEGA 30173/NARROWS | 69 0.94] 0.89] 0.05
2650 234|ENCINA 30109|BORREGO | 69 0.92; 089! 0.03
2650 165/MISSION 30173/NARROWS | 69; 095 0.89] 0.05
2650 66| TALEGA 30109;BORREGO | 69| 0.93i 0.89] 0.03
2650 142|TALEGA 30109/BORREGO | 69| 0.93] 0.89] 0.03
2650 165/ TA+MS 30173]NARROWS | 69, 0.95; 0.90; 0.05
2650 219ENCINA 30029;ESCNDO50 {138, 0.98] 0.85] 0.12
2650 219|SNL REY 30349:SHADOWR {138, 1.00; 0.84] 0.16
2650 219|MISSION 30029.ESCNDOS0 {138, 0.98 0.85 012
2650 219|NONE 30349;SHADOWR | 138/ 1.00i 0.84] 0.16
2650 219/NONE 30349:SHADOWR 138, 1.00; 0.84} 0.16
2650 220{SNL REY 30349;SHADOWR 1138, 1.00 084! 0.16
2650 219/NONE 30029/ESCNDOSO 1138, 0.97 0.86; 0.12
2650 219]NONE 30029:ESCNDOS0 |138] 0.97] 0.86] 0.12
2650 219{SNL REY 30029,ESCNDOS0 {138 . 0.97f 0.86] 0.12
2650 24{SNL REY 30349:SHADOWR {138] 1.00 0.85] 0.16
2650 219/ TALEGA 30029;ESCNDOS50 1138, 0.98; 0.86f 0.12
2650 219|TA+MS 30029.ESCNDOSO0 138; 0.98{ 0.86{ 0.12
2650 220]NONE 30349]SHADOWR |[138] 1.00; 0.85] 0.16
2650 220/NONE 30349:SHADOWR | 138/ 1.00; 0.85| 0.16
2650 24|NONE 30349,SHADOWR | 138] 1.00; 0.85] 0.15
2650 24{NONE 30349;SHADOWR {138] 1.00; 0.85] 0.15
2650 220,ENCINA 30029,ESCNDOSO0 1138] 098] 0.86] 0.12
2650 220;MISSION 30029;ESCNDOS50 {138 0.98] 0.86; 0.12
2650 220{NONE 30029 ESCNDOS0 {138, 0.97i 0.86; 0.11
2650 220{NONE 30029,ESCNDO50 1138; 0.97; 0.86] 0.11
2650 219/ENCINA 30349/SHADOWR {138] 1.00; 0.85; 0.15
2650 220{SNL REY 30029;ESCNDOSO {138; 0.97; 0.86] 0.11
2650 220,ENCINA 30349:SHADOWR 1138, 1.00{ 0.85 0.15
2650 24|ENCINA 30349]SHADOWR 1138} 1.00: 0.85] 0.15
2650 220|TALEGA 30028;ESCNDOS50 {138; 098] 0.86] 0.11
2650 220{TA+MS 30029:ESCNDQS0 {138] 0.98: 0.86{ 0.11
2650 223|ENCINA 30030,ESCNDOS1 |138] 0.99] 0.87] 0.12
2650 24|TALEGA 30349/SHADOWR |138] 1.00] 0.85 0.15
2650 223/ENCINA 30029/ESCNDOS0 1138] 0.98; 0.87; 0.10
2650 223/MISSION 30029;ESCNDO50 138! 0.98, 0.87; 0.10
2650 223IMISSION 30030(ESCNDOS51 1138; 0.99] 087 0.12
2650 219|TALEGA 30349;SHADOWR 1138; 1.00; 0.85] 0.15
2650 234{SNL REY 30109,BORREGO | 69} 0821 0.89; 0.03
2650 223|NONE 30030;ESCNDOS51 1138; 0.99] 0.87] 0.12
2650 236|ENCINA 30109;BORREGO | 69{ 092! 0.89; 0.03
2650 219|MISSION 30349;SHADOWR 138} 1.00 0.85 0.15
2650 223|NONE 30029,ESCNDOS50 {138f 097/ 0.871 0.10
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Appendix E

List of Undervoltage Buses (one SONGS off)

Table E.4 B
- - ; i} P RE= | POST ]
IMPORT ON| BUSNUM|: BUSNAME |- KV.| ' VOLT"| VOLT|DELTA
2650 30349'SHADOWR | 138 1.00]  0.85] 0.15
2650 223|NONE 30029!ESCNDO50 | 138]  0.97, 0.87] 0.10
2650 223/NONE 30030{ESCNDO51 | 138]  0.99; 0.87] 0.12
2650 24|MISSION 30349'SHADOWR | 138 1.00] 0.86] 0.15
2650 223|SNL REY 30029)ESCNDO50 |138]  0.97| 0.88] 0.10
2650 223|SNL REY 30030;ESCNDO51 | 138]  0.99] 0.87] 0.12
2650 223|TALEGA 30029'ESCNDOS0 | 138]  0.98] 0.88] 0.10
2650 220|MISSION 30349[SHADOWR [138] 1.00, 0.86] 0.15
2650 223|TALEGA 30030;ESCNDOS51 | 138 0.99 0.87{ 0.12
2650 237/ENCINA 30109/BORREGO | 69] 0.92] 0.90] 0.03
2650 223|TA+MS 30030,ESCNDO51 | 138]  0.99; 0.87| 0.12
2650 223 TA+MS 30029:ESCNDO50 | 138 098, 088 0.10
2650 219{TA+MS 30349;SHADOWR | 138 1.00. 0.86] 0.15
2650 9|TALEGA 30109'BORREGO | 69| 0.93i 0.90] 0.03
2650 24]TA+MS 30349;SHADOWR | 138] 1.00] 0.86] 0.15
2650 234/NONE 30109,BORREGO | 69| 0.92i 0.90] 0.03
2650 220|TA+MS 30349:SHADOWR | 138 1.00; 0.86] 0.14
2650 234]NONE 30108;BORREGO 69|. 0.92 0.90; 0.03
2650 234]ENCINA 30030.ESCNDO51 | 138 0.99 0.88] 0.10
2650 234|MISSION 30030 ESCNDO51 | 138 0.99] 0.88] 0.10
2650 234|NONE 30030;ESCNDO51 | 138] 0.99; 0.88] 0.10
2650 66|ENCINA | 30109,BORREGO | 69] 0.92] 0.90] 0.03
2650 234|NONE 30030:ESCNDO51 | 138]  0.990 0.88] 0.10
2650 1|NONE 30109;BORREGO | 69| 0.92] 0.90] 0.02
2650 234/SNL REY 30030,ESCNDO51 | 138 0.99 0.89! 0.10
2650 234|TALEGA 30030,ESCNDO51 {138 0.99 0.89; 0.10
2650 234 TA+MS 30030,ESCNDO51 | 138]  0.99] 0.89] 0.10
2650 1|NONE 30109;BORREGO | 69] 0.92i 0.90} 0.02
2650 223{TALEGA 30109)BORREGO | 69| 0.93] 0.90] 0.03
2650 224iSNL REY 30109:BORREGO 69 0.92; 0.90; 0.02
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Appendix E
List of buses with more than 5% Voltage Deviation
(one SONGS off)
Table E.5
" |OUTAGEI-DEVICE oo ", 1) s ] W'POS =1
MEORT| - CASE™ |COCATION| BusNUM["BUSNRME® KVl T VoL
2650 9! ENCINA 30141|GLENCLIF 69] 0.99 0.87
2650 9iNONE 30106BOLVRDTP | 69| 0.99 0.86; 0.13
2650 9ISNL REY 30110;BOULEVRD | 69 0.98 0.85 0.13
2650 9 ENCINA 30123|DESCANSO | 69 0.99 0.90] 0.09
2650 9{SNL REY 30233iBARRETT 69 0.99 0.85] 0.15
2650 9;ENCINA 30371|GLNCLFTP { 69 0.99 0.87f 0.12
2650 9iENCINA 30112 CAMERON 69 0.99 0.85] 0.14
2650 9:MISSION 30371GLNCLFTP | 69 1.00 0.88f 0.12
2650 9|ENCINA 30233:BARRETT | 69]  0.99, 0.85 0.15
2650 9/MISSION 30141/GLENCLIF 69 1.00 0.88; 0.12
2650 9:NONE 30106:BOLVRDTP | 69 0.99 0.86f 0.13
2650 9;ENCINA 30110iBOULEVRD | 69 0.98 0.85 0.13
2650 9/MISSION 30112iCAMERON 69 1.00 0.86 0.14
2650 9INONE 30233:BARRETT 69 0.99 0.85 0.15
2650 9{NONE 30123 DESCANSO | 69 0.99 0.90 0.09
2650 9ISNLL REY 30106;BOLVRDTP | 69 0.99 0.86] 0.13
2650 9INONE 30371IGLNCLFTP | 69 . 0.99 0.871 0.12
2650 9;NONE 30141;GLENCLIF 69 0.99; 0.87 0.12
2650 9|NONE 30112,CAMERON | 69]  0.99;  0.85] 0.14
2650 9;NONE 30110:BOULEVRD | 69 0.98 0.85 0.13
2650 9NONE 30112, CAMERON 69 0.99 0.85] 0.14
2650 9{NONE 30123!DESCANSO | 69 0.99 0.90 0.09
2650 9INONE 30141{GLENCLIF 69 0.99 0.87}] 0.142
2650 9;NONE 30233;:BARRETT 69 0.99 0.85f 0.15
2650 9/NONE 30371:GLNCLFTP | 69 0.99 0.87; 0.12
2650 9iNONE 30110,BOULEVRD | 69 0.98 0.85f 0.13
2650 9/ENCINA 30106:BOLVRDTP | 69 0.99 086 0.13
2650 9]SNL REY 30123:DESCANSO | 69 0.99 0.90f 0.09
2650 9{SNL REY 30112;CAMERON 69 0.99 0.85] 0.14
2650 9;SNL REY 30141{GLENCLIF 69 0.98 0.87} 0.12
2650 9iSNL REY 30371{GLNCLFTP | 69 0.98 0.87 0.12
2650 9ITALEGA 30371{GLNCLFTP | 69 0.99 0.87] 0.11
2650 9{MISSION 30106;BOLVRDTP | 69 1.00 0.87 0.13
2650 9 TALEGA 30141:GLENCLIF 69 0.99 0.87f 0.1
2650 9, TALEGA 30112 CAMERON 69 0.99 0.86; 0.14
2650 9iMISSION 30110!BOULEVRD | 69 0.99 0.86 0.13
2650 9:MISSION 30233;BARRETT 69 1.00 0.86f 0.14
2650 9 TA+MS 30141/GLENCLIF 69 1.00 0.88} 0.11
2650 9| TA+MS 30112;CAMERON 69 1.00 0.86; 0.14
2650 9iTALEGA 30106|BOLVRDTP | 69 0.99 0.86f 0.13
2650 9iTA+MS 30371I/GLNCLFTP | 69 1.00 0.88 0.11
2650 9| TALEGA 30233|BARRETT 69 1.00 0.85 0.14
2650 S| TALEGA 30110;BOULEVRD | 69| 0.98]  0.86] 0.3
2650 9 TA+MS 30110;BOULEVRD | 69 0.99 0.86; 0.13
2650 9iTA+MS 30233,BARRETT 69 1.00 0.86 0.14
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Appendix E

List of buses with more than 5% Voltage Deviation

(one SONGS off)
Table E.5
T [OUTAGE|LDEVICE [ = o . | |PRE- [ROST] g
MPORT| CASE®|COCATION|BosNuM|: BusNawe | kv |:vorT:| vouT|oeti
2650 §ITASMS 30106/BOLVRDTP | 69| 1.00  0.87] 0.3
2650 5373SNLREY | 30030,ESGNDOS1 | 138] 0.99] 0.86] 0.1
2650 223|NONE 30030/ ESCNDOST | 138]  0.99  0.86] 0.1
2650 223|NONE 30030;ESCNDOST | 138]0.95] 0.6 0.13
2650 534|ENCINA 50030|ESCNDOS1 | 138] 0.95  0.87] 0.12
2650 534[SNLREY | 30030 ESCNDOS1 | 138] 0.9 0.6 0.2
2650 273|ENCINA 30030ESCNDOST | 138 0.99  0.87] 0.4
2650 533|TALEGA | 30030]ESCNDOS1 | 138]  0.69 0.87] 0.12
2650 223|{SNL REY 30349:SHADOWR | 138 1.00 0.82 0.18
5650 24[ENGINA 30026|ESCNDO50 | 138 0.98]  0.86] 0.12
2650 223|NONE 30349, SHADOWR {138 1.00 0.83 0.17
2650 54|MISSION | 30029 ESCNDOS50 [ 138] 0.9, 0.86] 0.1
2650 54| NONE 30025,ESCNDO50 | 138]  0.97  0.85] 0.1
2650 533|NONE 30340/SHADOWR | 138 1.00, _0.83] 0.17
2650 34|NONE | 30020 ESCNDOS0 [138] 0.97] 0.85 0.12
2650 54|SNLREY | 30020,ESCNDOS0 | 138 0.97] 0.85] 0.12
2650 523 TALEGA | 30349.SHADOWR | 138] . 1.00, 0.83] 047
2650 24| TALEGA 30029.ESCNDOS50 | 138 0.98i{ - 0.86 0.12
5650 24[TATMS 30026 ESCNDO50 | 138]  0.98]  0.86] 0.1
2650 223|ENCINA 30345|SHADOWR | 138] _1.00, _0.83] _0.17
2650 523|MISSION | 30349, SHADOWR | 138] _ 1.00 _0.84] _0.16
2650 533 TATNS 30345/SHADOWR | 138] 1.0, 0.84] 0.16
5650 106|NONE 30106/ BORREGO | 66| 0.92 086 _0.06
2650 106|NONE 30106/BORREGO | 60| 0.92] 0.86] 0.06
2650 106|NONE 30173 NARROWS | 69| 0.94] 0.88] 0.06
2650 106|NONE 30173 NARROWS | 66| 0.94 0.88| 0.06
2650 143]ENCINA 30026 ESCNDO50 | 138] 0.98 0.88] 0.10
2650 143|MISSION | 30029 ESCNDOS0 | 136]  0.98]  0.86] 0.09
5650 143|NONE 30026 ESCNDOS0 | 138]_0.97 0.87| 0.10
2650 143[NONE 30028 ESCNDO50 | 138] _0.97] 0.87] _0.10
2650 T43/SNLREY | 30029,ESCNDOS0 | 136]  0.97] 0.87] 0.10
5650 143[TALEGA | 30029.ESCNDOS0 | 138 0.98] _ 0.86] 0.0
2650 T43[TATMS 30020|ESCNDO50 | 138] _0.98] _0.88] 0.09
2650 ~165|ENGINA | 30173NARROWS | 69] 0.04 0.8 0.05
2650 165|MISSION | 30103 BORREGO | 69| 0.93 0.88] 0.0
2650 165|MISSION | 30173NARROWS | 69] 0.65 0.89] 0.0
5650 165[TAMS 30103|BORREGO | 69| 0.93 0.88] 0.05
2650 165[ENCINA | 30105/BORREGO | 69| 0.63 087 0.05
2650 165/NONE 30173]|NARROWS 69 0.94 0.89 0.05
2650 165|NONE 30109;BORREGO 69 0.92 0.87 0.05
5650 165|NONE 30173NARROWS | 69| 0.94] 0.89] 0.05
2650 165|NONE 30100 BORREGO | 69] 0.92] 0.87] 0.05
2650 165[SNLREY | 30173 NARROWS | 69| 0.64] 0.89] 0.05
5650 165|SNLREY | 30109,BORREGO | 66| 0.62] 0.87] 0.05
2650 165|TA+MS 30173;NARROWS 69 0.95 0.90 0.05
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List of buses with more than 5% Voltage Deviation

Appendix E

(one SONGS off)
Table E.5
T TOUTAGE DEVICE [~ i T T PRES [POST]
IMPORT] ' CASE™|LOCATION| BUSNUM| BUSNAME .| KV|-VOLT |"VOLT"
2650 165 TALEGA 30109;BORREGO 69 0.93 0.88
2650 219{SNL REY 30349;:SHADOWR | 138 1.00 0.84
2650 219/ENCINA 30029.ESCNDO50 | 138! 0.98/ 0.86
2650 219{MISSION 30029;ESCNDOS50 | 138 0.98 0.86
2650 219iNONE 30349;SHADOWR | 138 1.00 0.84
2650 219{NONE 30029;ESCNDOS50 | 138 0.97 0.85
2650 219|NONE 30349:SHADOWR | 138 1.00 0.84
2650 219]NONE 30029{ESCNDOS50 | 138 0.97 0.85
2650 219{SNL REY 30029, ESCNDOQO50 | 138 0.97 0.85
2650 220iSNL REY 30349:SHADOWR {138 1.00 0.84
2650 219{TALEGA 30029;ESCNDOS50 | 138 0.98 0.86
2650 24|SNL REY 30349;SHADOWR 1138] 1.00 0.85
2650 219| TA+MS 30029'ESCNDO50 |138] 0.98; 0.86
2650 220{NONE 30349SHADOWR {138} 1.00] 0.85
2650 220{NONE 30349iSHADOWR | 138 1.00 0.85
2650 24INONE 30349]SHADOWR {138/ 1.00 0.85
2650 24,NONE 30349SHADOWR | 138!, 1.00 0.85
2650 220;ENCINA 30029:ESCNDO50 | 138 0.98 0.86
2650 220;MISSION 30029:ESCNDOS50 | 138 0.93 0.86
2650 220|NONE 30029.ESCNDOS50 | 138 0.97 0.85
2650 219]ENCINA 30349;SHADOWR |{138] 1.00 0.85
2650 220]NONE 30029/ESCNDO50 {138] 0.97] 0.85
2650 220i{SNL REY 30029:ESCNDO50 | 138 0.97 0.85
2650 220/ENCINA 30349/SHADOWR |138] 1.000 0.85
2650 24 ENCINA 30349;SHADOWR | 138 1.00 0.85
2650 220iTALEGA 30029:ESCNDOS50 | 138 0.98 0.86
2650 220I TA+MS 30029:ESCNDOS50 | 138 0.98 0.87
2650 24]TALEGA 30349;SHADOWR | 138 1.00 0.85
2650 234|NONE 30030;ESCNDO51 | 138 0.99 0.87
2650 223/ENCINA 30029/ESCNDO50 | 138] 0.98] 0.84
2650 223|MISSION 30029;ESCNDO50 | 138 0.98 0.85
2650 234|NONE 30030;ESCNDO51 | 138 0.99 0.87
2650 219|TALEGA 30349;SHADOWR | 138] 1.00{ 0.85
2650 220{TALEGA 30349:SHADOWR | 138 1.00 0.85
2650 219IMISSION 30349;SHADOWR | 138 1.00 0.85
2650 223]NONE 30029;ESCNDOS0 | 138 0.97 0.83
2650 223INONE 30029;ESCNDOS0 | 138 0.97 0.83
2650 223IMISSION 30030;ESCNDOS51 {138 0.99 0.87
2650 220{MISSION 30349:SHADOWR | 138 1.00 0.86
2650 223|SNL REY 30029:ESCNDOS50 | 138] 0.97f 0.83
2650 234!MISSION 30030:ESCNDO51 | 138 0.99 0.87
2650 2231 TALEGA 30029,ESCNDOS50 | 138 0.98 0.84
2650 24]MISSION 30349:SHADOWR {138/ 1.00! 0.86
2650 223iTA+MS i 30029,ESCNDO5S0 | 138 0.98 0.85
2650 234 TALEGA | 30030:ESCNDO51 138 0.99 0.87
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Appendix E
List of buses with more than 5% Voltage Deviation
(one SONGS off)
Table E.5

T U] OUTABERLIOEVICE | o 0 e v b ] PRESTPOSTH L il
IMPORT/. .CASE. |LOCATION| BUSNUM |: BUSNAME: |:KV | .VOLT, | .VOLT:
2650 24ITA+MS 30349;SHADOWR | 138 1.00 0.86
2650 223{TA+MS 30030;ESCNDO51 | 138 0.99 0.88
2650 219{TA+MS 30349;:SHADOWR | 138 1.00 0.86
2650 234 TA+MS 30030;ESCNDO51 | 138 0.99 0.88
2650 220iTA+MS 30349;SHADOWR | 138 1.00 0.86
2650 224iSNL REY 30227/\PALOMAR | 138 1.01 0.9
2650 12{SNL REY 30030:ESCNDO51 | 138 0.99 0.88
2650 12|NONE 30030;ESCNDO51 | 138 0.99 0.88
2650 12]NONE 30030:ESCNDOS1 § 138 0.99 0.88
2650 12|ENCINA 30030:ESCNDO51 | 138 0.99 0.89
2650 12 TALEGA 30030:ESCNDO51 | 138 0.99 0.89
2650 12;MISSION 30030.ESCNDO51 {138 0.99 0.89
2650 12|TA+MS 30030;ESCNDO51 {138 0.99: 0.89
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SOG&E Financial Services

Capital Budgeting Discounted Cash Flow (DCF) Model Version 3.0

Issue Date: 6/1/98

Instructions: See Word document, GUIDE98.DOC.

Worksheet
Main Menu
User Calcs

Data Input Screens:
Investments
Rev & Exp

Mode! Output:
DCF Results
EVA Results
DCF Chart
EVA Chart

Calc

Description

Model overview

Blank worksheet for user calculations

Enter info for up to five investments
Enter project's expected revenues and expenses

Discounted cash flow calculations and results
Economic value added calculations and results
Discounted cash flow graph — 25-year horizon
Economic value added graph — 25-year horizon

Underlying calculations

DCF Model for Capital Budgeting

2/11/99 4:47 PM
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