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BEFORE
THE PUBLIC UTILITIES COMMISSION
OF THE STATE OF CALIFORNIA

Order Instituting Rulemaking to Integrate
and Refine Procurement Policies and R.12 03 014
Consider Long Term Procurement Plans.,

RESPONSE OF THE CALIFORNIA INDEPENDENT SYSTEM OPERATOR CORPORATION
TOTHE FOURTH SET OF DATA REQUESTS RELATED TO TRACK 4 OF
THE UTILTY REFORM NETWORK

Below are responses to the fourth set of Data Requests served by The Utility Reform Network
(TURN) in Track 4 of the LTTP proceeding.

RESPOMNSE
Regueast Mo. 1.

Provide the “study performed by SDG&E” that was referenced at 5:26 28 of the Sparks Track 4
Febuttal Testimony.

150 RESPONSE TO No. 1.

See attached report.,

Reguest No, 2.

Provide the documents that are the basis for the statement about the probability of
simultaneous outages at 6:1 3 of the Sparks Track 4 Rebuttal Testimony.

150 RESPONSE TO No. 2.

See attached report.
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ATTACHMENT 1

ISO Response to the Fourth Set of Data Requests of
The Utility Reform Network

Response to Numbers 1 & 2

San Diego Gas & Electric Company
Performance Category Upgrade Request
for
Imperial Valley — Miguel 500 kV and
Imperial Valley — Central 500 kV
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December 19, 2007

Performance Category Upgrade Request
for
Imperial Valley - Miguel 500 kV and
Imperial Valley - Central S00 kV

Double Line Outage Probability Analysis

Seven Step Process Document

Final Report

Prepared By

San Diego Gas & Electric
Transmission Planning
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Imperial Valley - Miguel and Imperial Valley - Central
Double Line Outage Probability Analysis
SDG&E

Executive Summary

This report presents the seven step process for petitioning for a performance category
upgrade request for the double-line outage of the existing, Imperial Valley - Miguel 500
kV line, and the proposed Imperial Valley - Central 500 kV line. The Imperial Valley -
Miguel 500 kV line segment is part of the existing “Southwest Powerlink” (SWPL)
which runs from the Palo Verde to Hassayampa to North Gila to Imperial Valley -
Miguel substation. The Imperial Valley - Central 500 kV line is part of the proposed
“Sunrise Powerlink” (SRPL) which will connect Imperial Valley substation to SDG&E’s
Sycamore Canyon substation via the proposed 500/230 kV Central substation.

The proposed path for the Imperial Valley - Central 500 kV line (See Figure 1) is
proposed to share a common right of way with the existing Imperial Valley - Miguel
500 kV line from the Imperial Valley substation and heading west for 4 miles (12
towers). SDG&E requests that the RPEWG approve the proposed route for the
performance category upgrade to Category D with cascading allowed.

An alternative path (See Figure 1) is presented in Appendix F that is proposed to
share a common right of way for 36 miles. SDG&E requests the RPEWG evaluate
and decide if this alternative path is eligible for the performance category upgrade
to Category D, as there are differences between the proposed and alternative paths
for the Robust Line Design analysis. The Robust Line Design analysis performs an
evaluation of the line’s robustness through discussion of risk factors. These factors will
be discussed further in Step 4. Appendix C contains a summary of the seven step
process, as well as a description of the risk factors.

This performance category upgrade request for the proposed route can be justified based
on the robustness of the facilities. Under the WECC upgrade request process, a project
with a mean time between failures (MTBF) greater than 30 years will qualify for
Category D or if the statistics are not conclusive enough to demonstrate this, the upgrade
can be justified based on the robustness of the facilities in question. For the double line
outage of the Imperial Valley - Central and Imperial Valley — Miguel 500 kV lines, the
statistically based MTBF cannot be conclusively set at greater than the required 30 years
due to the limited amount of statistical data available. Additionally, SDG&E considers
the probability of a double line outage occurring on the line segments that share a
common right of way to be of such low probability of occurrence that it merits the
submittal to the WECC Phase I Probabilistic Based Reliability Criteria (PBRC)
Performance Category Evaluation (PCE) Process. The PCE process allows a project with
an accepted MTBF in the range of 30 to 300 years as well as a thorough investigation of
Robust Line Designs to be categorized as a Category D outage, with the added condition
of “no cascading” allowed. A project with a MTBF in excess of 300 years is considered
an “Extreme Event” similar to all other events in the NERC Category D.
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This report has been prepared in accordance with the steps given by the Reliability
Performance Evaluation Work Group (RPEWG), and these steps are detailed in
Appendix C.

The results of the analysis of the Imperial Valley - Miguel and Imperial Valley - Central
double line outage (N-2) qualify this contingency to be moved to Category D from
Category C. After addressing each of the seven steps, the MTBF was calculated to be
between 21 and 928 years and is based on the following probabilistic data and mitigating
factors:

=  The estimated MTBF for the lines is in the range of 21 to 928 years. The reason the
data was presented in a range of values is due to the shortage of significant data,
which is needed to determine a set MTBF. The lower end of the range, 21 years,
would not qualify for Category D status, but SDG&E feels that after review of the
Robust Line Design criteria for SWPL, the MTBF would tend towards the higher end
of the range. This estimate was based on historical outage statistics for other parallel
500 kV lines with the statistics modified to consider mitigating factors that do not
apply to the lines in this report.

= SWPL was put into service in June of 1984. SDG&E has thirteen years (1995-2007)
of accurately collected data on the outages for the Imperial Valley - Miguel 500 kV
line. Based on this data, there have been 44 forced outages of the Imperial Valley -
Miguel 500 kV line. However, of these 44 outages, only one incident occurred on the
Imperial Valley - Miguel 500 kV line segment which is proposed to share the
common right of way with the Imperial Valley - Central 500 kV line. This outage
occurred when an insulator flashed over during an insulator wash. For purposes of
the double line outage analysis, this event would not be considered a factor because
SDG&E would not perform insulator washing on both lines simultaneously.
Therefore SDG&E’s historical outage information shows that there are no forced
outages that occurred on the shared right of way that would cause a double line
outage.

= Robust line designs were taken into account including overhead ground wire
protection from lightning, line separation of 400 feet in the common right-of-way and
adequate separation in the Imperial Valley switchyard, which currently is configured
as a ring bus arrangement. After the addition of the Sunrise Powerlink, this
substation will be reconfigured to use a combination double breaker-double bus and a
breaker-and-a-half arrangement with an ultimate design for a breaker-and-a-half
configuration.

= Robust design factors not associated with the lines include: characteristics of the
desert terrain, minimal chance of fires due to a lack of vegetation, low risk of
vandalism, and low risk of flight incidents that have occurred in the corridor, thus
making it an unlikely probability that there will be an incident in the future.
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= The isokeraunic level or flash density is 0 - 0.25 flashes /square km/year, which is the
lowest in the U.S.

= The exposure to the system is estimated to be, at worst case, 675 hours per year or
7.71% per year. However, the likelihood of this exposure in real time operations will
be significantly reduced. This worst case exposure is based on planning scenarios
which assume imports into the San Diego area are maximized while internal
generation in the San Diego area is minimized. It is important to note, that these
planning scenarios are extremely unlikely to be seen in real time operations as the San
Diego Area has approximately 3000 MW of internal generation available and a
projected summer peak load for 2010 of 5000 MW. It is reasonable to assume that
SDG&E will have a significant amount of internal generation on-line when SDG&E’s
load is above 3600 MW. At 3600 MW of load and above, it is possible that imports
into the San Diego area could be 3100 MW. With imports above 3100 MW, SDG&E
may need to drop load for the double line outage (see discussion below). Though
these planning scenarios are unlikely in normal real time operations, these conditions
could be approached during extreme emergency conditions, but for the purposes of
this report the expected exposure will be significantly less than the worst case
estimate of 7.71%.

= Under the planning scenarios described above, the consequences to the grid of a
double contingency of the Imperial Valley - Miguel and Imperial Valley - Central
lines would be the need to shed enough SDG&E load to reach approximately 3100
MW of import into San Diego, assuming imports prior to the double line outage are
above 3100 MW. Additional load drop may be necessary to prepare for the next
contingency. For 2010, the amount of load shed would be at worst case,
approximately 1000 MW given the planning scenario described to evaluate the
exposure analysis. Given different scenarios which equate to more realistic operating
conditions the amount of load drop necessary to meet NERC/WECC criteria would
likely be reduced. The amount of load drop necessary will vary depending on system
conditions in not only the San Diego area, but also in the Los Angeles and northern
Baja, Mexico areas.

Based on these findings, it is recommended that the N-2 outage of the Imperial Valley -
Miguel and Imperial Valley - Central 500 kV lines for the proposed path be upgraded to a
Category D classification with cascading allowed'.

Also, after reviewing the robust line design for the alternative path, SDG&E requests that
the RPEWG determine if the alternative path would also qualify for the performance
category exemption.

! Cascading would be possible only under extremely high imports into the San Diego region. With the
addition of approximately 1300 MVAR of reactive support in the Southem California area cascading was
not seen.
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Seven Step Documentation for PBRC Adjustment for Imperial Valley - Miguel 500
kV and Imperial Valley - Central 500 kV

Step 1: Project Facility Description

The Imperial Valley - Miguel 500 kV is part of the SWPL and was built to meet the
increasing need for power in San Diego. The SWPL, which lies between Arizona and
California went into service in 1984 and terminates at the Miguel substation. This key
cast-west transmission line is routinely loaded to more than 1,000 MW during the
summer and fall months. SDG&E projects that by 2010 there will be a grid reliability
shortfall if additional infrastructure is not built to meet SDG&E 90/10 load forecast.
SDG&E has proposed a new 500 kV transmission line called the Sunrise Powerlink
(SRPL) that will connect the existing Imperial Valley substation, near El Centro,
California to a new “Central” substation located in a central part of San Diego County.

The proposed path for the Sunrise Powerlink would be in the same right of way as
Imperial Valley - Miguel line for approximately 4 miles. This route would contain
approximately 12 towers. Figure 1, displays the proposed path as well as alternative
path. The alternative path analysis is presented in Appendix F.

Alternative Paths

(4

Figure 1: Proposed and Alternative Paths Map
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Appendix A4 shows each individual tower, Towers 50281 — 50270, of the existing
Imperial Valley - Miguel 500 kV line for the proposed path.

Within this right of way SDG&E is aware of a proposed 230 kV generation
interconnection at the Imperial Valley substation. This generator interconnection would
include a 230 kV line being placed in the same right of way as the two 500 kV lines. At
this time SDG&E does not have the final design aspects of this generator interconnection
to determine the exact design detail for the right of way positioning of the new 230 kV
and 500 kV transmission structures.

Regardless, SDG&E would ensure that adequate right of way is obtained such that the
towers are designed to prevent one tower from falling into an adjacent tower. More
information on the potential spacing of towers can be found in Section 4, R2. Currently
SDG&E anticipates that the generation interconnection line would interconnect to the
Imperial Valley substation and be physically located past the take off for the proposed
path. This illustration can be seen in Figure 2.

Mote 1) The positions in the shared nght ofway lor each transmission line have nol been linalized,
21 Allline lenglhs are approximale,
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Figure 2: Potential Shared Right of Way Diagram

The following is a description of the existing Imperial Valley - Miguel 500 kV line. The
proposed Imperial Valley - Central 500 kV line design has not been finalized. However,
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the new line will be built, at a minimum, with the same characteristics as the existing
Imperial Valley - Miguel 500 kV line.

The Imperial Valley - Miguel 500 kV line is approximately 80 miles long and is
constructed of twin bundled 2156 ACSR/AW (Bluebird/AW) conductors in a horizontal
bundle with 18” separation. The Imperial Valley - Miguel 500 kV line is constructed
with lattice towers, with spans ranging from 411 feet to 1945 feet. The towers span an
average distance of 1651.13 feet apart. Within the shared path, the tallest tower is tower
number 50280, which serves as a tangent tower with a height of 146 feet. A tangent
tower, also known as a suspension tower, is where the conductors are simply suspended
from the tower, and have the same mechanical tension on each side. The shortest tower
1s tower number 50281, which serves as a dead-end tower at a height of 95 feet. The
structures utilize two overhead shield wires. The size of the overhead shield wire is
dependent upon the loading area the line is traversing. A 7 No. 8 Alumoweld is used in
light loading areas. A 7 No. 6 Alumoweld is used in heavy loading areas. There is one
transposition in the shared right of way and it is located on the second and third structures
west of the Imperial Valley substation.

The length of the Imperial Valley - Central 500 kV line has not been finalized because
the final route selection has not been completed. However this line is anticipated to be
shorter than the existing Imperial Valley - Miguel line. The new line will be constructed
with a three bundle 1033.5 kcmil ACSR/AW (Ortolan) conductor. The tower structures
will also utilize two overhead shield wires.

The Imperial Valley 500kV bus is designed to operate as breaker-and-half, in ultimate
configuration. Currently, the bus 1s being operated as a ring bus. When the new 500kV
Sunrise Powerlink line is installed the bus will be reconfigured to operate as a
combination breaker-and-half and double-breaker-double-bus. This configuration will
increase the bus reliability in a stuck breaker contingency. For a single breaker failure
to take out both 500 kV lines under either configuration, there would need to be a breaker
out for maintenance followed by a breaker failure.
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Figure 3: Imperial Valley substation

The existing Imperial Valley - Miguel line is protected by three primary-grade, piloted
protection systems. The following equipment 1s used: 1) SEL-421 distance / over-current
relays communicating over power line carrier, using three-phase Mode 1 coupling. The
power line carrier transmit/receive equipment is RFL-9780; 2) GE L-90 line
differential/distance/over-current relays communicating over digital microwave; and 3)
SEL-311L line differential/over-current relays communicating over digital microwave.
In addition, transfer trip is provided using RFL-9780 (power line carrier) and RFL-9745
(microwave) teleprotection units.

At this point, SDG&E anticipates a similar protection scheme for the Imperial Valley -
Central 500 kV line as discussed above, with the understanding that communication
options are still under discussion. The three protective relays described above would be
applied, and two diverse communication paths would be incorporated, with power line
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carrier, digital microwave and fiber optic being the communication systems under
discussion.

The Miguel substation terminates the SWPL 500 kV line with two 500/230 kV
transformers. The Miguel 500 kV substation is currently configured as a ring bus.
Therefore, a fault on either Miguel transformer would not take out the Imperial Valley -
Miguel line.

The proposed configuration for the Central 500 kV substation would be similar to the
Miguel substation with a ring bus and two 500/230 kV transformers. Again, a fault on
either Central transformer would not cause an outage on the Imperial Valley - Central
line.

The towers are designed for conservative weather related loads and employ overhead
ground wires for lightning protection. The towers proposed for the Imperial Valley -
Central 500 kV line will be similar to the existing towers used on the SWPL. Pictures of
all the existing SWPL towers for the proposed path can be found in Appendix A4.

The proposed path for Imperial Valley — Central would be in the same right of way as the
Imperial Valley — Miguel line for a distance of 4 miles. The towers would be tangent and
dead-end towers. The equivalent tower numbers on the Imperial Valley - Miguel line are
50270 thru 50281. Within this option there would be one dead-end tower coming out of
Imperial Valley and the remaining eleven towers would be tangent towers.

As previously mentioned, there also is a possibility that a generation interconnection
would be included in the shared right of way. This would add a 230 kV line in the right
of way. It is anticipated that the 230 kV line would use a steel pole instead of a lattice
tower. This pole would be approximately 150 feet in height.

It 1s anticipated that the line will contain a 90/10 layout, with 90% of the towers being
tangent and 10% being dead-end. Tangent towers have no turn angles. They tend to be
more slender than full tension dead-end towers. These towers typically may have an
insulator string hanging down from the tower for each conductor, or two strings making a
“V” shape. These towers are used when a transmission line continues in a straight line,
or turns through a small angle. In other cases a dead-end is used.

Dead-end towers are typically built stronger and have a wider base as well as stronger
insulator strings. They are used in areas where a transmission line ends or turns into a
large angle. On the other hand, angle towers have light or heavy turning ability. Angle
towers would be used at locations where the transmission line direction would change.

The V-string insulator assembly is typically used for suspension of insulator strings
carrying up to four bundled conductors per phase. The V-strings tend to be more
efficient than the vertical strings due to their self-cleaning aspect. During rain showers,
the rain will hit both sides of the insulators allowing contaminants to be easily removed.
The V-string tangent assembly is composed of a string of 31 porcelain suspension
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insulators. In some situations a strain or I-string jumper might be used. A strain
assembly would use 32 insulators per string and an I-string jumper would use 36
insulators per string. All hardware will be corona-free and corona rings will be installed
on all assemblies.

All transmission lines are on a three year land patrol schedule. There are two aerial
patrols as well as additional special aerial patrols that are also conducted per year.
Typically one aerial patrol is visual, one patrol utilizes infrared detection equipment, and
three additional special patrols a year are for security purposes.

SDG&E’s Vegetation Management Program conducts annual inspections, ground or air,
to identify any vegetation conflicts along all transmission circuits. Minimum clearances
between vegetation and conductors, based on voltage, are maintained to comply with
applicable rules and regulations including CPUC General Order 95 and Public Resource
Code section 4293 and 4292°. Excerpts from the codes can be found in Appendix B.

Step 2. Outage Database - The Sample

The Southwest Powerlink (SWPL) i1s SDG&E’s only 500 kV transmission line, therefore
outage data was collected on the Imperial Valley - Miguel portion of SWPL. The outage
data was reviewed to determine outages that occurred on the portion of the Imperial
Valley - Miguel line that is proposed to share a common right of way with the Imperial
Valley - Central 500 kV line. With thirteen years of outage data (1995 - 2007) available,
SDG&E concluded that of the 44 forced outages on the Imperial Valley - Miguel line
there was only one event that occurred on the proposed shared right of way during these
years. This was caused by the washing of insulators on the line. Therefore it can be
concluded that this event would not be a factor in the double line outage analysis because
the two adjacent lines would not be washed simultaneously.

The majority of the forced outages that took place on the Imperial Valley - Miguel 500
kV line were fire related outages. These were primarily due to the surrounding
vegetation on the central and western portions of the line, which are prone to fires. This
1s in stark contrast to the eastern portion of this line because all of the proposed shared
right of way is desert terrain with sparse vegetation. This is clearly seen in Appendix A4
when looking at the surrounding terrain of the transmission towers. Various groups
within SDG&E continue to work with outside parties in order to help minimize the
frequency of fires along the SWPL right of way.

Concerning lightning related outages, SDG&E is working to implement solutions to
decrease the number of outages may be seen on the Southwest Powerlink. This includes
the installation of an overhead ground wire on the Sunrise Powerlink to reduce lightning
strike outages.

> CPUC General Order 95 and Public Resource Code Section 4293 and 4292, California
Law, Available at. Accessed 6/2/2006. Page 33

-10 -
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SDG&E’s system has only one 500 kV line, SWPL. In consideration of this fact,
SDG&E determined that using historical 500 kV data from the Palo Verde Hub to North
Gila Performance Category Upgrade Request report by Arizona Public Service (APS)
would be appropriate. This is because APS’s request for the Palo Verde Hub to North
Gila line is actually the eastern portion of the Southwest Powerlink and the terrain is
quite similar in that it is desert terrain. The Performance Category Upgrade Request for
Palo Verde Hub to North Gila Lines was officially approved by the WECC Board of
Directors in December 2006.

The following portions in this report have been referenced from the report published by
APS’. Permission to use the following data was obtained from APS prior to publishing
SDG&E’s report. To benefit those reviewing this report SDG&E has included portions
of the APS report as it relates to the outage database sample. This data was included due
to the applicability of the data to the Imperial Valley - Miguel line that is of similar
construction to the Palo Verde to North Gila line. The portions of the APS report are
signified by italics.

Step 2: Outage Database — The Sample

Because the subject line has not yet been built, a set of data for
operation of two parallel lines along the corridor of interest is not
available. Over twenty years of historical outage data of the single
Hassayampa — North Gila 500 kV line is available but this outage data
is not useful in calculating the probability of having two lines in the
same corridor concurrently out. Although outage data for the
proposed line configuration is not available, APS has a fair amount of
data on parallel lines that use the same basic transmission structure.
Table 1 gives a listing of double circuit 500 kV lines in common
corridors for which outage data is available. In this table it is seen
that three sets of lines have over 10 years worth of data, two sets of
lines have 9 years of data, and three sets of lines have 3 or 4 years of
data.

3 “performance Category Upgrade Request For Palo Verde Hub to North Gila Lines”,
April 2006, Arizona Public Service Company. Pages 9-16

-11 -
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Table 1: Listing of 500 KV Lines Sharing Common Corridor

Commeon | Years of

Line 1 Line 2 Miles Data
Navajo — Westwing Navajo — Moenkopi 76 20
Navajo — Westwing Moenkopi — Westwing 180 11*
Navajo — Westwing Yavapai — Westwing 101 g
Navajo — Westwing Moenkopi — Yavapai 79 9%
Palo Verde — Westwing #1 Palo Verde-Westwing #2 45.1 13
Palo Verde — Hassavampa #1 Palo Verde — Hassayvampa #2 3 4
Palo Verde — Hassayampa #2 Palo Verde — Hassayampa #3 3 4
Redhawk — Hassayampa #1 Redhawk — Hassayampa #2 1 3

*The date on these lines runs from 1984 - 2004, However, in early 1996 the Vavapai substation was installed which split the

Mloenopt ~ Westwing line mbo twe segments. 5o of the data, 11 vears covers the tume with the line from Boenbopd — Westoring, aud
9 vesrs cover the time with this line split into the Moenkopi ~Vavapai. and the YVavapi - Westwing lines.

Pertinent information regarding how applicable the line data is to the
subject lines is given as follows:

1. The Navajo — Westwing line and the various lines that parallel it on
its path(Navajo — Moenkopi, Moenkopi — Yavapai, Yavapai — Westwing
lines) are very similar in construction fo the Hassayampa — North Gila
line and its proposed parallel twin. The structures are the same design
and the wire size, span lengths and right-of-way separation are all
similar. The major differences between this set of lines and the
Hassayampa — North Gila lines is the terrain, vegetation, elevation,
and weather conditions along the different line routes. The Navajo —
Westwing line starts at an elevation between 5000 and 6000 feet at
Navajo. As the line moves south it traverses high desert plateau until it
reaches the heavily forested area in central Arizona. The elevations in
these areas exceed 7000 feet. As the line moves further south the line
continues through significant forest areas until it drops in elevation
near Phoenix. The last 20 miles or so of the line have similar terrain to
the North Gila line. Because the majority of the Navajo — Westwing
line is located at significantly higher elevations than the North Gila
line route, more exposure to outages is expected in terms of outages
due to lightning, fire, and weather. Thus any statistics generated based
on the outages of the lines along the Navajo — Westwing 500 kV line
route would be expected to be conservative compared fo statistics
along the Hassayampa — North Gila line route. The multiple years and
multiple miles worth of data makes these outage statistics desirable for
use in the outage database with the understanding that some outages
may not be appropriate to count.

2. The two Palo Verde — Westwing 500 kV lines traverse terrain that is

similar to the North Gila line route and would have similar outage
statistics for outages attributed to line route characteristics. The

-12 -
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construction of the line is slightly different from that on the existing
North Gila line with some structure and wire differences. The 13 years
worth of data makes this set of outage data applicable for the outage
calculations.

3. The two Redhawk — Hassayampa lines are similar in construction,
terrain, and elevation to the Hassayampa — North Gila lines. Only 4
vears of data are available on this set of lines and the short line length
tends to reduce the outage exposure. These lines are included in the
database.

4. The parallel lines from Hassayampa to Palo Verde are somewhat
similar to the North Gila lines in most aspects. There are some
differences however including the following:

a. There are three parallel lines from Palo Verde to Hassayampa.
Consequently, the outage of the two sets of lines that directly parallel
each other are used in the statistics database. Common outages of the
two outside lines in the corridor (Lines 1 and 3) are not used because
their separation distance is significantly different from the proposed
lines.

b. The structures are slightly different from the North Gila line
structures as are the wire sizes and configuration.

c. The line lengths are very short compared to the North Gila line(s) so
exposure to environmentally based outages will be less than for the
subject lines.

Despite the various differences between the lines in Table 1 and the
proposed parallel Hassayampa — North Gila lines, all of the outage
data is used in the base case uncorrected outage database. Qutages
that are included are those outages where both lines trip essentially
simultaneously or within a time frame that the operators would not
have been able to adjust schedules in anticipation of a second
contingency. A 30 minute time frame is assumed to be needed for the
operators to prepare for another outage. Instances where a line is out
on maintenance and the other line trips are not counted in the
database. Planned maintenance outages are also not counted in the
database.

Table 2 gives a listing of the simultaneous outages for the lines listed in
Table 1 over the study period. This set of data is used for the
unadjusted data sample in the mean time between failures (MTBF)
calculation.

-13 -
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Table 2: Database of Common Corridor Line Culages
Event Overlap
Event# | Line Mame | OutDate/Time | In Date/Time Category | (Hrmind | Comment
1 Pii\fﬂwwm BI4IZ004 T41 Bl1412004 817 System | 00:38 | Substation Related
PLYWWG2 | BH412004 741 £/14/2004 818
5 PL:‘@‘-H&A #1 1 BN42004 T4 BI412004 808 System | 0028 | Substation Related
PLV-HES B2 | 611472004 741 61412004 211
i '_'V' kg 4 o ¥ N
3 F*l_’« BAA #2 | B1M412004 744 BI412004 211 System | 0030 | Substation Related
PLV.HAL #3 | BI14/2004 741 BI1412004 B-11
”‘,}f“‘ 1' 4 A é;‘:' Q i b
4 Nfﬁ WG | BNDMBIE 1548 ) BPDIG6 1704 System | 01415 System Event
HAY-MEP BIOMGEE 15:48 | BIOI1986 1703
5 N&},’-WWG 51956 4232 | 41511856 708 Termingl | 0235 | Substation Related
HAYMKE 4151906 4:37 | 4NBMEEE T2
6 WWGJYA’%‘ B4/2004 740 | 611412004 &:2? System | 0040 | Substation Related
HAYIG | BI04 T4 51142004 8:23
STATR 1 $ig g 5 . .
7 an‘w M:; VI2004 1458 | TI2R2004 1504 Line 0002 Fire
WWGEYAY | TE004 1458 12004 1500
MEY-WWG 04 1500 2 : . !
P Né; W%«’fm TIHH0AS0Y | TI2R004 1852 Line 0003 Fire
MEP.YAY THIZ04 1507 TENI04 1511
g f*déW@”é‘*«f{G 71”2{2{}04 15:03 HY004 1852 Line 0423 Fite
WMKP-YAY TIZ2004 1525 | TU2004 1948

Step 3. Mean Time Between Failure Calculation

Given that SDG&E proposes to use the same outage data as in the APS report, SDG&E
will also reference the applicable calculations in the APS report. Due to the fact that
SDG&E has no parallel line data, SDG&E will utilize APS’s historical events analysis.
Given the regional similarities, SDG&E believes this data is applicable for this analysis.

Part 1: MTBF Unadjusted Sample Calculation:

The following MTBF analysis is based on the outage data on all the
500 kV lines in the APS system that has common corridor parallel
lines. It does not take into account differences between the North Gila
line corridor and the other corridors in the statistical database or any
mitigating factors. Part 2 of the analysis will take into consideration

these differences.

Historical Events

Terminal Caused (See Event #5 in Table 2):

Pr = frequency of terminal caused events

The number of terminal years in the historical event analysis is given

by the following table:
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Termingl | Comidor | Years
WG HaY 20
PLY 12
PLY VNG 13
HAL 4
HAL PLY 4
W 3
W Mk 3
MAY VG 20
Tots = Al

Pr = (2 NG Line Terminals)(l event)/(80 terminal-years) = 0.025

events/year

Line Caused (See Events # 7, 8, 9 in Table 2):

Pr = frequency of line caused events

Pr = (3 events)(117 miles)/(5733 mile-years) = 0.0612 events/year

System Events (See Events #1, 2, 3, 4, 6 in Table 2):

System events are those major events where the initiating event has
widespread effect which is often cascading in nature. These types of
events are initiated by problems not directly tied to the lines of interest
although the lines of interest are affected by the resulting events. Often
the statistics can be skewed significantly by system events which trip
multiple lines for a single event. The statistics database has two such
system wide events which account for five of the nine common corridor
outages in Table 2. System events are not included in the probability

calculation.

SDG&E Independent Events

The following calculation is to determine the probability of having both the Imperial
Valley - Miguel and the Imperial Valley - Central 500 kV lines trip out independently at
the same time. Older outages that were caused by substation equipment which would not

cause line outages today have been excluded in the forced outage data.
Imperial Valley - Miguel 500 kV line outage statistics are as follows:

Forced Outages: 44 (1995-2007)

Average Outage Duration: 302.7727 minutes
# forced outages/year = 3.3846

Historical

Pma = Frequency of outages of Imperial Valley - Miguel and Imperial Valley - Central
lines due to independent events

This statistic is given by the following equation:
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Pmd = (Probability Line 1 is out)*(Frequency of Line 2 outage) + (Probability Line 2 is
out)*(Frequency of Line 1 outage)

Assuming the same statistics for both lines is a conservative estimate, the new Imperial
Valley - Central 500 kV line is expected to have a shorter length than the Imperial Valley
- Miguel 500 kV line:

Prna = 2[(Avg number of outages/year)*(Avg Outage Duration)/(# of mins/year)]*(Avg
number of outages/year)

Pma= 2[(3.3846 outages/year) * (302.7727 min/outage)/(525600 min/year)]*( 3.3846
outages/year)

Pma=0.013198 outages/year

Human Caused Errors

While APS may experience human caused errors that trip lines, the
outage database does not show any human caused errors which tripped
more than one line out of a 500 kV substation. For the data in the
database, there are the following number of years of data and possible
combinations of lines emanating from the station taken two at a time:

Teminal Lines Combinations Years in DB Y5 X Conmb
Emanating

PLV 7 21 13 273

HAA 10 43 4 180

WWG 4 ] 20 120

NG 2 1 13 13

NAV 3 3 20 G0

MEP 4 & 20 120

YAV 2 1 9 g

Sum 83 775

Pr = Frequency of human caused double line outage
One can assume that the probability of tripping both lines due to a
human caused error is

less than the following:

Pr < (I event combination)/(775 years-combinations)
Pur<0.00129 events/year

SDG&E will use this value for the uncorrected sample.

-16 -
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Breaker Maintenance

The breaker maintenance program typically plans for minor maintenance one day every
two years and for major maintenance five days every ten years. These are scheduled
when the system impact risk is not present. Therefore, SDG&E conservatively predicts
that each breaker will be out for two days each year with the inclusion of unexpected
outages. Based on the CIGRE (International Council on Large Electric Systems) breaker
failure statistics, a breaker failure event occurs once per 479 years'. The estimated
probability of a breaker failure occurring during the two day maintenance period
considering the four combinations that are possible is:

Ps= (2 days/365 days/year) (4 combinations/479 years) = 0.0000458 events/year

MTBF — Summary of Uncorrected Results

Summary of Results (Uncorrected)

Event Cause P (events/year) |MTBF (years)
P Historical Terminal 0.0250 40.0000
PL Historical Line 0.0612 16.3399
Pino Independent 0.0132 75.7687
Py Human 0.0013 >775
Ps BF &M 0.0000458] 21854.3750
ProTaL Total 0.1007 9.9272

Table 1 - MTBF Uncorrected

Uncorrected Confidence Interval:

Confidence Intervals were asked to be calculated as previously referenced in the Seven
Step Process for Performance Category Upgrade. Confidence intervals are typically used
to indicate the reliability of an estimate. In this case, a 95% confidence interval would
indicate that the calculated values are 95% reliable. The confidence interval was
calculated by multiplying the Uncorrected MTBF by confidence interval factors shown in
Appendix D.

95% Confidence Level:
Lower Limits:
44 failures: 0.7447

Upper Limits:
44 failures: 1.3767

> CIGRE Study Committee 13 Report as referenced in “Kangley — Echo Lake Double-
Line Outage Probability Analysis” report, May 28, 2002, Bonneville Power
Administration.
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MTBFjower = . 7447 * 9.9272
=7.3930

MTBFupper= 1.3767 * 9.9272
=13.6671

As shown below in Table 2, values were calculated for the various confidence intervals to
show a potential range of values.

Uncorrected Confidence Interval

Confidence Interval [MTBF ,or |MTBF ;e
95% 7.3929 13.6671
90% 7.7241 12.9226
80% 8.1313 12.1274
60% 8.6638 11.2479

Table 2: Uncorrected Confidence Interval

Part 2: MTBF Calculation — Corrected

The Part 1 uncorrected MTBF calculation shown in Tables 1 and 2 is based on all of the
available statistical data for common corridor lines and does not take into account
differences between the corridors in the database and the shared right of way. This part of
the analysis will correct the MTBF calculation to account for those differences.

SDG&E will provide the relevant sections from the APS report and again, these sections
are denoted 1n italics.

Historical Outages

Terminal Related Outages (Pr):

Only a single common corridor double line outage is found in the
database that is terminal equipment related (Event 5 in Table 2). The
equipment involved was communication equipment used by the line
relaying. Power supply problems at one of the communication sites
caused low voltage on the analog microwave equipment. Because the
communication system was analog, this low voltage to the microwave
18 equipment caused excessive noise on the communication channels.
The line relaying being used at the time was susceptible to improper
tripping due to noise on the communication channels and this noise
(due to sagging voltage on the microwave equipment) is what
eventually caused both lines to trip. Since this event occurred, several
improvements to the system have occurred which eliminate the
possibility that an event like this could happen on the North Gila lines.
These improvements include:
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1. The microwave system has been upgraded to a digital system.
Consequently, voltage sags or reductions will not cause noise on the
communication path.

2. The relaying used is a digital relaying system that is not susceptible
to false tripping for loss of the communication signal. The protection
systems require communication from both line ends to produce a trip
so loss of communication or noise on the communication system will
not inadvertently produce a line trip. One might lose one of the
protective schemes but a false trip will not be produced.

3. Use of fiber optic communications for some of the relaying in the
new line.

Because of these differences and improvements between the new line
communication systems and the systems in service at the time of the
outage event, this particular historical terminal related outage event is
not credible for the North Gila lines. Consequently, the terminal
related outage probability in the corrected sample should be based on
zero incidents. However, with zero applicable incidents over the past
20 years, a true measure of the outage frequency due to terminal
related outages is not possible. Instead, one can only calculate a
range within which the outage frequency will fall. The optimistic
bound of the range will be based on using zero in the statistical
formula, and the pessimistic bound based on assuming 1 terminal
related event in the formula. Thus,

Propr = (0 events)(2 terminals)/(80 terminal-years) = 0 outages/year

Prpes = (1 events)(2 terminals)/(80 terminal-years) = 0.025
outages/year

0 <Pr< 0.0125 outages/year

From a substation terminal point of view, the second line to North
Gila will be built as though it were an independent line, with separate
and independent relaying, communication, and terminal connections
in a breaker-and-a-half scheme. No common mode failure mechanisms
are identified. As a consequence, it is believed that the outage
frequency due to terminal related causes will be closer to zero.

-19 -

SDG&E’s protective relaying is designed and tested to minimize risk of sympathetic
tripping. The existing Imperial Valley - Miguel 500 kV line is protected by three
primary-grade, piloted protection systems. The following equipment is used: 1) SEL-421
distance / over current relays communicating over power line carrier, using three-phase
Mode 1 coupling. The power line carrier transmit/receive equipment is RFL-9780; 2) GE
L-90 line differential / distance / over-current relays communicating over digital
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microwave; and 3) SEL-311L line differential / over-current relays communicating over
digital microwave. In addition, transfer trip is provided using RFL-9780 (power line
carrier) and RFL-9745 (microwave) teleprotection units.

At this stage of design for the Imperial Valley - Central 500 kV line, SDG&E plans to
install the same protection scheme as given above, with the understanding that
communication options are still under discussion. The three protective relays mentioned
above will be applied, along with two diverse communication paths being incorporated.
Power line carrier, digital microwave and fiber optic communication systems are under
discussion.

There have been two potential terminal events that have occurred on the Imperial Valley
— Miguel 500 kV line. One event that occurred was in June 2002, due to a relay crew
inadvertently tripping a transformer via a fault relay. Due to the differences between
SDG&E’s protective relaying system presently in place on the Imperial Valley - Miguel
line and that which was in service at the time of the outage event, this particular historical
terminal related outage event is not credible for SDG&E’s lines.

Another event that occurred was due to a relay crew shorting out a current transformer at
Imperial Valley substation causing TL 50001 to trip. Since relay crews will not be
working on both lines simultaneously, it would not be possible for the crews to short out
current transformers on both lines at once. Therefore, the terminal related outage
probability in the corrected sample for SDG&E should be based on zero incidents.

Pr=0

Line Related Outages (P1)

The list of historical outages contains 3 events where line faults tripped
both lines in a common corridor. All three of these outages involved
forest fires in an area of the state that is heavily forested. The
differences in corridor vegetation characteristics should be taken into
account for the corrected sample and details of the specific outages
will be examined.

Event #7 in Table 2 involved a forest fire that occurred when fire
fighters were conducting a controlled burn that got out of hand in a
heavily forested area of the state. The fire tripped one line and an
inappropriate relay action tripped the second line. The relay’s settings
were subsequently altered to prevent future relay misopperation for a
fault on the other line. Because the initiating fault was due fto a fire
started for fire suppression purposes this event is discounted. The area
where the fire occurred was in a heavily forested portion of the state
where special fire fighting methods (controlled burns) are done to
manage the growth. The North Gila line corridor is sparsely vegetated
with no forest or any other special fire fighting methods needed. The
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Robust Line Design section (Step 4) of this report shows that the North
Gila corridor is in a low fire risk area of the state whereas the location
of this outage was in a high risk area. Consequently this outage should
be discounted from the database of outage events.

QOutages #8 and #9 in Table 2 occurred shortly after QOutage #7 and
occurred due to the same firefighting controlled burn. This time two
lines tripped due to the fire. In Qutage #8, the lines didn’t trip at the
same time but one line followed the other after a delay of 4 minutes.
Again, the corridor differences and the fact that controlled burns are
not done along the North Gila line corridor would make this outage not
applicable to the North Gila line corridor. Outage #9 occurred when
operators attempted to place back in service one of the two lines which
was out from Qutage #8. The line tripped out again due to the fire. This
outage is discounted due to the same reasons as stated for Qutages #7
and #8.

For the above reasons, none of the line related common corridor double
contingency outages should be counted in the corrected MIBF
calculation. Elimination of the three incidents in the database, again
makes the actual line related outage frequency statistic unknown for the
subject line. The best that can be stated with surety is that the statistic is
bounded by the assumption of 0 outages and 1 outage in the statistical
formula. This gives the following result:

Propr = (0 events)(117 miles)/(5733 mile-years) = 0 outages/year
Prpes = (1 events)(117 miles)/(5733 mile-years) = 0.0204 outages/year
0 < P1 < 0.0204 outages/year

The expected line related outage frequency statistic is believed to be
significantly lower than the pessimistic bound calculated above and will

most likely approach the independent event outage statistic. This belief

is based on the robust line design issues addressed in Step 4 of this
report.

PL=0
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As was stated previously in this report, the shared right of way between the Imperial
Valley - Miguel and Imperial Valley - Central lines is desert terrain. The Robust Line
Design section (Step 4) of this report shows that the shared right way is in a low fire risk
area, whereas the outages in APS’s data were in a high risk area. Therefore, none of the
line related common corridor double contingency outages should be counted in the
corrected MTBF calculation.
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Independent Event Calculation (Pma)

The probability that the Imperial Valley - Miguel and Imperial Valley - Central lines trip
simultaneously from independent events is corrected because a 30 minute time frame is
assumed to be the length of time needed for the operators to prepare the transmission
system for the next outage. This is reasonable to assume in that this probability is meant
to calculate the probability that outages occur simultancously and that the transmission
system would not be able to be readjusted between the times of the two outages. For
example, if a line was forced out of service for more than 24 hours, operators would adjust
the power system within 30 minutes to make the system reliable until the line is returned
to service. It would be only during the first 30 minutes that the system would be at risk
from the effects of “simultaneous” outages from independent events. Therefore,
SDG&E’s Pmd calculation with outages greater than 30 minutes corrected is as follows:

Forced Outages: 44 (in 13 year period)
Avg Outage Duration: 23.6820 minutes
# forced outages/year = 3.3846

Pma = Frequency of outages of Imperial Valley - Miguel and Imperial Valley - Central
lines due to independent events

This statistic is given by the following equation:

Pma = (Probability Line 1 is out)*(Frequency of Line 2 outage) + (Probability Line 2 is
out)*(Frequency of Line 1 outage)

Assuming the same statistic for both lines, (which is a conservative estimate since the new
Imperial Valley - Central 500 kV line is expected to have a shorter length than the
Imperial Valley - Miguel 500 kV line and will be in similar terrain):

Pma = 2*[(3.3846 outages/year)*(23.6818 min/outage) / (525600 min/year)] * (3.3846
outages/year)

Pma=0.0010 outages/year

Breaker Failure and Maintenance Calculation (Ps)

The calculation of the probability of a breaker failure event while one of the line breakers
1s out for maintenance does not change for the corrected MTBF calculation. It is
recognized that breaker maintenance is usually scheduled for a time where system
conditions limit the risk of adverse consequences.

Ps=0.0000458 events/year
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Human Cause Failures (Pu)

This statistic would be the same as for the uncorrected data.
Pu=10.0013

MTBF — Summary of Corrected Results

The corrected calculation of MTBF is shown below in Table 3. The reason that there are
two sets of values for the MTBF, 1s because there is not enough data to calculate definite
values. The MTBF; is the upward bound value and MTBF; is the lower bound value.
SDG&E feels that after reviewing the data from the Robust Line Design, the MTBF will
tend towards the upward bound value.

Summary of Results (Corrected)

Event Cause P, (events/year) |MTBF, (years) |P,(eventslyear) |MTBF,{years)
P Historical Terminal 0 0 0.025 >40
PL Historical Line 0 0 0.0204 >49
Pno  |Independent 0.0010 968.7053 0.0010 968.7053
Pu Human 0 0> 0.0013 >775
Pg BF &M 0.0000458 21854.375 0.0000458 21854.375
ProtaL |Total 0.0011 927.5895 0.0478 20.9301

Table 3: SWPL/SRPL MTBF Results
The calculated MTBF for the corrected dataset i1s 928 years. This level is significantly
larger than that needed for Performance Level D of the Performance Based Reliability

Criteria.

Corrected Confidence Interval:

Confidence Intervals were asked to be calculated as previously referenced in the Seven
Step Process for Performance Category Upgrade. They are typically used to indicate the
reliability of an estimate. In this case, a 95% confidence interval would indicate that the
calculated values were 95% reliable. As can be seen below, in Table 4, the corrected
confidence interval at 95% is above 300 years. This means that at a 95% confidence
level, the MTBF will be between 690.7944 and 1277.049506. The lower and upper limits
would still meet Category D requirements with allowed cascading. The confidence
intervals for the remaining levels also meet Category D requirements with allowed
cascading.
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Corrected Confidence Interval

Confidence Interval |MTBF,ouert MTBF opert MTBFouer2 MTBF,pper2
95% 690.7944 1277.0495 15.5903 28.8213
90% 721.7388 1207.4803 16.2887 27.2513
80% 758.7496 1142.1594 17.1240 257771
60% 807.6150 1064.5759 18.2268 24.0261

Table 4: Corrected Confidence Interval

Step 4: Robust Line Design Mitigating Factors:

R1: Risk of fire affecting both lines

There have been no recorded weather-related incidents that have occurred on the
proposed shared right of way. However, SDG&E has also reviewed the incidents that
occurred on the line but outside of the shared right or way. There have been thirty
weather related incidents that have occurred in this area. Out of these thirty incidents,
five were caused due to lightning. The other twenty five were fire related incidents. The
reason behind the fire related incidents is that the eastern and central portion of the line
goes through highly vegetated arcas. However, the proposed shared right of way is desert
terrain, where there is a minimal chance of fires.

500 kv Line Outage Histor
T e

Fire Date:
10/8/1699
2232 acres

H i

! |
t :
i 4
1 i
.

Fire Date: Fire Date: Fire Date: !

8/30/1005 712511987 7/23/1996 Fire Date: Fire ﬂate:
35 acres 4/1312002 - 7770/1995
943 feren 417acres . a71acres 1861 acres

Figure 4: SWPL Fires
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There has been twelve fire related events that have taken place in the eastern and central
portion of the Imperial Valley — Miguel line. Figure 4 displays eleven of the twelve fire
related events. An additional fire took place in October, 2007, that outaged the Imperial
Valley — Miguel line. This fire related event is shown in Figure 14. The fire event on
October 3, 1999 is the closest fire to the proposed path.

]

Qﬁ%ﬁ?ﬂh

Weue

Figure 5: Closest Corridor Fire

The fire on October 3, 1999 occurred between tower 50121 and tower 50130. As one can
see from Figure 5, the portion of the line affected by the fire is approximately 43 miles
from the shared right of way. Also, as can be seen from Appendix Al, the area
surrounding the Imperial Valley substation, which is where the line will be located, is not
in a hazardous fire zone.

R2: Risk of one tower falling into another line

The risk of one tower falling into another line is not anticipated to be a factor due to the
spacing of the lines. The centerline spacing between towers is currently anticipated to be
at least 400 feet, which makes it impossible for one tower to fall into another, since the
height of the tower is smaller than the distance between the lines. The heights of the
towers range from 95 feet to 146 feet.

Within this shared right of way there is a possibility that a generation interconnection
transmission line will also be installed. Below is a potential example of this
configuration:

-25-
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SRPL — 400 ft - SWPL — 150 ft — Generation Interconnection line

The Generation Interconnection is south of both 500 kV lines. The maximum tower
height for SWPL and SRPL is 146 ft. Even if the SWPL tower fell toward the SRPL
tower there would still be spacing between the two towers to avoid collision.

A diagram representing the tower spacing is shown in Appendix A2.

R3: Risk of a conductor from one line being dragged into another line

The risk of a conductor from one line being dragged into another line is similar to having
an aircraft fly into both lines. This is an unlikely event because no flight related incidents
that have occurred on the shared right of way in the past. Aerial marker balls have been
installed on portions of the line, which serve as line detectors to warn pilots of the
transmission lines. The lines also meet FAA criteria for height regulations. More
information can be found on this subject in RS.

R4: Risk of lightning strikes tripping both lines

From SDG&E’s data, there have been no known lightning strikes that have taken place
within the proposed right of way. As stated previously in the report, the lightning
density in the proposed shared right of way is relatively low with a density of 0 - 0.25
flashes/square km/per unit time.

The maps in Figures 6 and 7 represent the lightning flash density in California from
1989-1996°. The area marked IV (Imperial Valley) is where the corridor will lie. As
shown, the IV area has 0 - 0.5 flashes/square km/year.

¢ 05 1t 3 5 1T 9 11> Flashes k™ yr!

Mean annual flash density {1989-1696) i :
Figure 6: Flash Density (1989-1996) Figure 7: IV Flash Density (1989-1996)

> American Meteorological Society, Available at http://ams.allenpress.com/archive/1520-
0450/38/7/figure/i1520-0450-38-7-1013-01 .jpg. Accessed 4/26/2006. Page 22
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The map shown in Figure 8 was referenced from the Palo Verde Hub to North Gila Lines
Report created by APS®. Since this map shows lightning density from 1995-2004, it was
also included. As one can see from Figure 8, the flash density is 0 - 0.25 flashes/square
km/year.

0-0.25 flashesisy Flash Density
, fashesioy. kinfpour

G arlup

T th

Figure 8: APS Flash Density 1995-2004

The flash density at Imperial Valley in either Figure 7 or 8 is the lowest flash density in
comparison to the rest of the United States, making the probability of a lightning strike in
the area low.

R5: Risk of an aircraft flying into both lines

There have been no flight related incidents that have occurred on the shared right of way.
However, there have been two incidents on the Imperial Valley - Miguel line segment not
sharing the proposed right of way involving an aircraft flying into the lines. Please note
that these incidents occurred soon after the SWPL was built over 20 years ago and since
that time SDG&E has worked to ensure additional incidents do not occur. The first
incident occurred on the morning of June 14, 1985 when a Border Patrol pilot failed to
gain altitude to clear the power lines, and crashed into the Imperial Valley - Miguel line.
This incident took place only a year after the line was put in place. It occurred in
Imperial County, 100 yards north of the Southern Pacific Railroad tracks.

¢ “performance Category Upgrade Request For Palo Verde Hub to North Gila Lines”, April 2006, Arizona
Public Service Company. Pages 9-16
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The second incident occurred on October 24, 1988. This happened on a training flight
during a joint drug interdiction mission. The helicopter snagged a power line while en
route, and exploded into a hillside in western Imperial County. This incident occurred
approximately four years after the line was put in service in 1984.

Airport Location: The Imperial County Airport is a small regional airport with feeder
service into the Los Angeles International Airport. It is located approximately 4 miles
north of downtown El Centro and 94 miles east of San Diego.

Military Airport Location: There is a military airport within Imperial, CA. The Naval Air
Facility is 10 miles east of Imperial located in El Centro, CA. All military training is
conducted within the confines of restricted airspace within which neither the SWPL or
SRPL lie. Otherwise, military flight routes are generally conducted at high altitudes.
However, military helicopters may fly at lower altitudes and do not adhere to any specific
flight route. SDG&E foresees a low probability of an incident occurring because of the
acrial marker balls on portions of the line, as well as the historical data indicating that no
plane crashes have taken place on the shared right of way in the past 10 years.

En-route: The transmission lines are well below any criteria to be considered as an
obstacle to an en-route IFR (Instrument Flight Rules) airway and are not located in any
common corridor for visual operation.

Aerial Crop Dusting Application- The corridor is primarily located to the southeast of
areas of vegetation. Since the area is surrounded mostly by desert terrain, crop dusting
should not be a risk factor. Also, the lines are within FAA allowable minimum height
limits.

Since the area surrounding the shared right of way is unpopulated desert terrain, there are
no altitude restrictions for aircrafts, but based on the information listed above, there is
enough significant data to conclude that aircrafts would not pose a hazard for the shared
right of way.

R6: Risk of station related problems resulting in loss of two lines for a single event

The Imperial Valley 500kV bus is designed to operate as breaker-and-half, in ultimate
configuration. Currently, the bus i1s being operated as a ring bus. When the new 500kV
Sunrise Powerlink line is installed the bus will be reconfigured to operate as a
combination breaker-and-half and double-breaker-double-bus. This configuration will
increase the bus reliability in a stuck breaker contingency and can be seen in Appendix
AS5.  For a single breaker failure to take out both 500 kV lines under either
configuration, there would need to be a breaker out for maintenance followed by a
breaker failure.

The existing Imperial Valley - Miguel line is protected by three primary-grade, piloted
protection systems. The following equipment 1s used: 1) SEL-421 distance / over-current
relays communicating over power line carrier, using three-phase Mode 1 coupling. The
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power line carrier transmit/receive equipment is RFL-9780; 2) GE L-90 line
differential/distance/over-current relays communicating over digital microwave; and 3)
SEL-311L line differential/over-current relays communicating over digital microwave.
In addition, transfer trip is provided using RFL-9780 (power line carrier) and RFL-9745
(microwave) teleprotection units.

At this point, SDG&E plans to install a similar protection system for the Imperial Valley
- Central 500 kV line as discussed above, with the understanding that communication
options are still under discussion. The three protective relays shown above would be
applied, and two diverse communication paths will be incorporated, with power line
carrier, digital microwave and fiber optic being the communication systems under
discussion.

The Miguel substation terminates the 500 kV SWPL line with two 500/230 kV
transformers. The Miguel 500 kV substation is configured as a ring bus. Therefore, a
fault on either Miguel transformer would not cause an outage to the Imperial Valley -
Miguel line.

The initial proposed configuration for the Central 500 kV substation would be similar to
the Miguel 500 kV substation with a ring bus and two 500/230 kV transformers. Again a
fault on either Central transformer would not cause an outage the Imperial Valley -
Central line.

R7: Risk of natural disasters (ice, wind, snow or earth slides, flood, etc.) affecting both
lines

The climate in Imperial Valley is typical of desert conditions, where it is mostly hot and
dry (25 percent average relative humidity). Temperatures range from the low mid 30’s in
January to highs of 110 in July and August. The average low temperature is around 55
degrees and the average high temperature is 89.6 degrees. There are essentially two
seasons for the Imperial Valley area, one being summer and the other winter. The
transition periods between the two are very short.

The elevation of most of the Imperial Valley is near sea level or below. The Salton Sea is
the lowest point at 235 feet below sea level. Due to the terrain, and the climate of
Imperial Valley being representative of a desert, it is highly unlikely that there would be a
risk of hazardous winter related events occurring. There is also very little moisture, with
rainfalls bringing in an average of 2.92 inches of rainfall each year. The maximum
precipitation occurs in January with an average of .51 inches. This amount of rain is not
likely to cause flooding in the area.

There have been three tornadoes in the past forty one years in Imperial County with the
most recent one occurring in 1992. This tornado was a category FO. The other two took
place in the years 1965 and 1972. Both of these occurred before the SWPL was put in
service. The one that occurred in 1965 was a category F1 and the one in 1972 was a
category FO. According to the Fujita Tornado Damage Scale, an FO tornado typically has
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wind speeds less than 73 mph. An F1 tornado is between 73 to 112 mph and can cause
mild to moderate damage. Both of these are weak scaled tornados. There was no SWPL
outage associated with the FO tornado in 1992.

Imperial County is the termination point of the San Andreas Fault. The San Andreas
Fault runs from San Francisco southeast to the Imperial Valley, where it fragments into a
number of small faults. There have not been any reported transmission line failures due
to an earthquake in this area. The map shown in Figure 9 recorded all seismic events for
1932-1996. Each red pixel represents an earthquake’. The surface traces, shown as light
blue-green lines, are the major faults in the area. The most prominent fault is the San
Andreas Fault which runs from the lower right corner to the upper left hand corner.

NEvADA

Figure 9: California Earthquakes for 1932-1996

R8: Risk of loss of two lines due to an overhead crossing

There are no existing or proposed overhead crossings within the shared right of way,
making this event unlikely. Pictures of the existing line can be seen in Appendix A4.

7 California Seismicity for 1932-1996, Southern California Earthquake Data Center, Available at
{*http://www .data.scec.org/general/socalcut.html”}. Accessed 5/1/2006 Page 25
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R9: Risk of loss of two lines due to vandalism/malicious acts

There are no known outages that have occurred due to vandalism or malicious acts on the
shared right of way. Shooting of insulators would be a typical vandalism related event,
but has not taken place within the proposed shared right of way.

R10. Risk of flashover due to vegetation

The risk of flashover due to vegetation is low in the proposed path. This is mostly due to
the desert terrain. The vegetation in the corridor consists primarily of cacti and bushes,
neither of which grows above five to ten feet in height. Land patrols are performed once
every three years and aerial patrols are performed twice a year. This frequency of patrols
would aid in the prevention of flashovers that could occur due to vegetation. From the
pictures of the towers shown in Appendix A4, vegetation is typically no more than five to
ten feet high within the path of the common corridor. An example of typical vegetation
that can be found in Imperial Valley can be seen below in Figure 10. The lack of
vegetation within this corridor makes it an extremely unlikely event that both lines would
trip due to a flashover caused by vegetation.

Figure 10: Arizona Barrel Cactus
Maximum Height of 4-11 feet

Y

.

_

Figure 11: Typical vegetation on SWPL

From Figure 11, the height of the bush barely reaches past the base of the tower. Within
the corridor, Figure 11 is a good approximation of the height of the present vegetation.
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More pictures of the towers in the corridor and the surrounding vegetation can be found
in Appendix A4.

R11: Risk of a single breaker failure causing loss of two lines

As stated before, the Imperial Valley 500 kV substation will initially be reconfigured to a
breaker-and-a-half arrangement and a double bus-double breaker arrangement. This
arrangement can be seen in Appendix AS. The Imperial Valley substation is designed for
a breaker-and-a-half layout and the double bus-double breaker arrangement may
ultimately be configured as a breaker-and-a-half. For a single breaker failure to take out
both 500 kV lines under either configuration, there would need to be a breaker failure and
a breaker out for maintenance.

While such an event is possible, it is a very low probability event (see calculations in
Step 3 of this report where Ps = 0.0000458).

Step 5. Exposure Analysis

The exposure to the system is estimated to be, at worst case, 675 hours per year or 7.71%
per year. However, the likelihood of this exposure in real time operations will be
significantly reduced. This worst case exposure is based on planning scenarios which
assume imports into the San Diego area are maximized while internal generation in the
San Diego area is minimized. It is important to note, that these planning scenarios are
extremely unlikely to be seen in real time operations as the San Diego Area has
approximately 3000 MW of internal generation available and a projected summer peak
load for 2010 of 5000 MW. It is reasonable to assume that SDG&E will have a
significant amount of internal generation on-line when SDG&E’s load is above 3600
MW. At 3600 MW of load and above, it is possible that imports into the San Diego area
could be 3100 MW. With imports above 3100 MW, SDG&E may need to drop load for
the double line outage (see discussion in Step 6). Though these planning scenarios are
unlikely in normal real time operations, these conditions could be approached during
extreme emergency conditions, but for the purposes of this report the expected exposure
will be significantly less than the worst case estimate of 7.71%.

To calculate the exposure, SDG&E started with the 2006 actual load duration curve and
scaled this curve upwards to match the 2010 peak load forecast, as can be seen in Figure
12. In 2010, when SDG&E load 1s above 3600 MW, the double line outage of Imperial
Valley-Miguel and Imperial Valley-Central may expose the San Diego area to potential
load drop conditions under planning scenarios. This was determined from operating
procedures that indicate imports of 3100 MW are not achievable unless SDG&E’s load is
above 3600 MW. Therefore, planning scenarios where the San Diego area load is above
3600 MW and the San Diego area import is greater than 3100 MW, may expose the San
Diego area to load drop in order to meet NERC/WECC criteria.
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SDG&E Load Duration Curve
== 2006 Actual Load == 2006 Forecast Load
=== 2010 Forecast Load s | OB
5000
4500
4000 4.
3500
3000
=
2 2500
2000
1500
1000
500
0 |
02 0 82 2 2 ® »® =& 8 ¥
o (e} [e] (e} (e} Q o (o] (e} (e} o
~ N (a2 < 9] «© M~ [ve} (o3} (e}
% ofYear =

Figure 12: SDG&E Load Duration Curve
Step 6. Consequence of an Qutage

This section describes the impact, from transient stability and post transient perspectives,
that a double line outage of Imperial Valley - Miguel and Imperial Valley - Central 500
kV lines would have on the system at a time when the system is in an exposure condition
as described in Step 5. The consequences to the grid of a double contingency of the
Imperial Valley - Miguel and Imperial Valley - Central lines would be the need to shed
enough SDG&E load to reduce the import to 3100 MW into San Diego. For 2010, the
amount of load shed would be at worst case, approximately 1000 MW given the planning
scenario described to evaluate the exposure analysis. Given different planning scenarios
which equate to more realistic operating conditions the amount of load drop necessary to
meet NERC/WECC criteria would likely be reduced. This amount of load drop
necessary will also vary depending on system conditions in not only SDG&E, but also in
Southern California Edison (SCE) and the Comision Federal de Electricidad (CFE).

The 2010 heavy summer power flow base case approved by participants of the CAISO
South Regional Transmission Plan (CSRTP) was utilized for the transient stability and
post transient analysis. The case has the “1 in 10” year load forecast for SDG&E of
approximately 5000 MW and modeled over 4000 MW of SDG&E imports. The dynamic
data associated with this case which was also approved by the CAISO CSRTP was also
utilized.
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Transient Stability

Transient stability is a commonly accepted analysis that illustrates a time domain system
response under a given disturbance. This analysis shows whether the system has positive
damping during a given disturbance and whether or not it meets the transient voltage dip
criterion. The GE PSLF program was used to perform the transient stability analysis.

No violations of WECC’s transient stability criteria were found and these results are
documented in the summary output in Appendix E. The transient stability analysis also
found robust damping shown by the plots in Appendix E.1.

Post Transient Analysis

Utilizing the same power flow case as the transient stability analysis, the post transient
analysis shows the system is able meet WECC/NERC Category D post transient criteria
with load drop. At worst case, the required load drop is approximately 400MW within the
SDG&E load pocket.

The following summarizes the analysis performed to determine the amount of load shed
required to meet Category C criteria for an N-2 outage of Imperial Valley — Miguel and
Imperial Valley — Central lines.

Study parameters
The study looked at the following contingencies:

N-2 of Sunrise and SWPL, no SPS

N-2 of Sunrise and SWPL, tripping of Imperial Valley generation

N-2 of Sunrise and SWPL, cross-trip of Otay Mesa-Tijuana 230 kV line®

N-2 of Sunrise and SWPL, tripping of Imperial Valley generation followed by
cross-trip of Otay Mesa-Tijuana 230 kV line

O O O O

The VSAT voltage stability program was used to simulate load drop in the SDG&E
service area in 100 MW increments, to determine at what point the system could operate
without cascading outages. VSAT monitored thermal overloads in CFE, IID, SCE, and
SDG&E on facilities over 100 kV. NERC Category C voltage criteria was also applied in
the same areas for buses over 100 kV. A reactive margin test of 2.5% was also applied to
the case.

Thermal Results

¥ The CFE SPS that protects its 230 kV system can be set to trip either Imperial Valley-La Rosita 230 kV or
the Tijuana-Otay Mesa 230 kV line. For the purposes of this study, it was assumed that CFE will be
operating in summer mode, with the cross-trip SPS opening the Tijuana-Otay Mesa line.
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The thermal results are summarized as follows:

o At4100 MW of import without load shedding, simultaneous loss of both SWPL
and Sunrise results in severe thermal overloads in CFE. Tripping the Imperial
Valley generation is insufficient to relieve these overloads. Cross-tripping of the
Tijuana-Otay Mesa 230 kV line causes the system to undergo voltage collapse.

o At400 MW ofload drop, the case solves after tripping of the IV generation and
cross-tripping of the Tijuana-Otay Mesa 230 kV line, relieving overloads in
CFE’s system. Overloads now occur in SCE’s 230kV system (Barre-Ellis, Chino-
Mira Loma East).

o At 600 MW of load drop, following the generation trip and cross-trip the
overloads on Barre-Ellis and Chino-Mira Loma East are 103% and 107.2%,
respectively.

o At 900 MW of load drop, following the generation trip and cross-trip, the Barre-
Ellis overload 1s relieved. The remaining overload on Chino-Mira Loma East is
reduced to 101.3%.

o At 1000 MW of load drop, there are no further overloads.

For this analysis, the limiting elements for SDG&E import and subsequent load dropping
for the N-2 contingency of Imperial Valley — Miguel and Imperial Valley — Central were
found to be:

o Barre-Ellis 230 kV
o Chino-Mira Loma East 230 kV

The minimum load drop level appears to be 1000 MW. At this level of load drop, the
system met the Category C criteria for post-transient voltage and reactive margin.

Subsequent sensitivities indicated that flow on these elements 1s strongly affected by SCE
import and dispatch; thus the load drop within SDG&E necessary to prevent post-
contingent overloads on these elements will vary depending on system conditions. It is
also important to note that the limiting elements for this N-2 contingency are external to
SDG&E on CFE’s and SCE’s 230 kV systems.

This study supports the current SDG&E all lines in service import limit of 3100 MW.
The simultaneous loss of both Imperial Valley — Miguel and Imperial Valley — Central is
more or less equivalent to the loss of Imperial Valley — Miguel only for the current
system configuration. Dropping 1000 MW of load from an import level of 4100 MW
gets the total system imports down to 3100 MW.

Appendix H provides line flows for the N-2 contingencies with the generation trip at
Imperial Valley and cross trip of the Otay Mesa-Tijuana 230 kV line at 0 and 400 MW of
load drop.

Post-Transient Voltage Results
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The post-transient voltage results can be summarized as follows:

o At4100 MW of import without load shedding, the simultaneous loss of both
Imperial Valley — Miguel and Imperial Valley — Central lines creates voltage
violations in CFE. In addition to the loss of both lines, the tripping of the IV
generation and cross-trip of the Otay Mesa-Tijuana 230 kV line, results in voltage
collapse, however with the addition of approximately 1300 MV AR of reactive
support in the Southern California area the voltage collapse was eliminated.

o At400 MW ofload drop, following tripping of the IV generation and cross-
tripping of the Otay Mesa-Tijuana 230 kV line, there are no Category C post-
transient voltage violations.

These results support the conclusion that the limiting factors for the N-2 loss of Imperial
Valley — Miguel and Imperial Valley — Central followed by load shedding are primarily
thermal in nature.

Reactive Margin Results

The reactive margin results are summarized in the following table:

Load Shed Level | Contingency & SPS System Results
oMW N-2 Margin violation
N-2 gentrip No margin violation
| N-2 gentrip w/cross-trip Voltage Collapse9

0 N-2 gentrl ' N magln
N-2 gentrip No margin violation
N-2 gentrip w/cross-trip No margin violation

Step 7. Report

The seven step process requires a report covering each of the steps in the performance
category upgrade request. This report serves to fulfill that step of the process.

° With the addition of approximately 1300 MVAR of reactive support in the Southern California area the
voltage collapse was eliminated.
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Comprehensive RPEWG Evaluation
SDG&E’s Imperial Valley - Miguel 500 kV and Imperial Valley - Central 500 kV
Double Line Outage Probability Analysis

Executive Summary:

SDG&E requests that the double line outage of Imperial Valley - Miguel 500 kV and
Imperial Valley - Central 500 kV project be granted Category D status by the RPEWG.
This report contains robust line design information, as well as the probability analysis
that will help justify the change to Category D performance requirement as well as the
low risk of a double-line contingency outage. The compilation of this report was
performed by following the “Seven Step Process for PBRC Adjustment”.

The common right of way for the Imperial Valley - Miguel 500 kV line and Imperial
Valley - Central 500 kV line spans a length of approximately four miles. The MTBF was
calculated to be between the range of 21 and 928 years. The reason the data was
presented in a range of values is due to the shortage of significant data, which is needed
to determine a set MTBF. The lower end of the range, 21 years, would not qualify for
Category D status, but SDG&E feels that after review of the Robust Line Design criteria
for SWPL, the MTBF would tend towards the higher end of the range of 928 years.

The eleven risk factors, shown in Table 5, were outlined in the Robust Line Design
Features, which can also be found in Appendix C. Through a close analysis of these
factors, SDG&E has justified that a significant risk does not exist for the double line
outage of the Imperial Valley - Miguel 500 kV line and the Imperial Valley - Central 500
kV line.

Risk Risk Factor
R1 Fire affecting both lines Low Risk
R2 One tower falling into another line Low Risk
R3 Conductor from one line being dragged into another | Low Risk
line
R4 | Lightening strikes tripping both lines Low Risk
RS Aircraft flying into both lines Low Risk

R6 | Station related problems resulting in loss of two | Low Risk
lines for a single event

R7 | Natural disasters Low Risk
R8 | Loss of two lines due to an overhead crossing Low Risk
R9 | Loss of two lines due to vandalism/malicious acts Low Risk
R10 | Flashover to vegetation Low Risk
R11 | Single breaker failure causing loss of two lines Low Risk

Table 5: Risk Factor Summary
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Conclusion:

Based on the preceding information, the analysis performed is sufficient enough to move
the performance criteria for the double line outage of Imperial Valley — Miguel and
Imperial Valley — Central from Category C to Category D.
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