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SMUD performs an annual electric transmission system assessment to ensure
that SMUD’s transmission facilities continue to meet all applicable NERC/WECC
Reliability Standards for the near-term (years one through five) and long-term
(years six though ten) planning horizons.

For this report, SMUD performed:
= Ten year planning assessment of the SMUD transmission system

A comprehensive assessment of the Sacramento Area electric transmission
system was performed to ensure that NERC/WECC Reliability Standards are
met through the ten year planning horizon. This year's assessment focuses
on years 2012 through 2021 and addresses the bulk electric system issues
that impact both the LSC and the local area. In addition, it also evaluates the
system impacts resulting from extreme bulk electric system disturbances.

= Annual SMUD Load Serving Capability (LSC) study

The LSC is the maximum load that can be served with all facilities in service
while meeting all applicable reliability standards. The LSC can fluctuate from
year-to-year depending on the transmission system changes.

This year’s LSC is approximately 100 MW higher than last year’s due to the
following system changes:
e A 7% load reduction in PG&E’s surrounding Central Valley area
(Sacramento, Sierra, Stockton, and Stanislaus divisions)
e Updated SMUD generator buses’ scheduled voltage
e Turned on approximately 400 MVAr of existing shunt capacitors
at Malin 500 kV bus
e Added 400 MVAr of newly installed shunt capacitors at Captain
Jack 500 kV bus as part of the BPA’'s COI 4800 Project
e Added second distribution shunt capacitor at Cordova substation
e Added approximately 70 MW renewable generation in the Solano
and Clay areas
e Added Lodi Energy Center (290 MW capacity).

For the near-term planning horizon, years 2012 through 2016, and with the
committed projects described in Table E-1, studies demonstrate that the
District will be able to reliably serve load in the near-term.

Several project alternatives in Table E-2 provide additional margin above the

forecasted peak load for the long-term planning horizon, years 2017 through
2021. A brief description of these projects is provided in Table E-2. For



planning and modeling purposes only, the projects in Table E-2 are shown
with preliminary in-service dates. No final decision has been made as to the
timing or staging of these projects. The District will evaluate the need and
timing of these projects and make a recommendation in future assessments.

Figures E-1 and E-2 provide a graphical representation of the District's LSC
compared to the managed high growth demand forecasts with all the
committed and proposed projects in-service as described in Tables E-1 and
E-2.

= System reliability risk studies based on WECC/NERC planning standards

SMUD used the 2011 PG&E Expansion Plan power flow base cases as a
basis for this assessment. These cases incorporated a 1-in-10 year adverse
peak load for both SMUD and the surrounding Sacramento Area. All
applicable (Category A, B, C, and D) contingencies were simulated to comply
with NERC/WECC planning standards and identify any reliability concerns on
the SMUD transmission system.

= Transmission upgrade proposals to address reliability risks

The 2011 Ten-year Assessment Plan has identified no reliability violations
based on performed power flow, voltage stability (PV, and QV), and transient
stability analyses.

= Planned transmission projects

The committed projects identified in Table E-1 provide margin above LSC
requirements to meet the 1-in-10 year load forecasts and meet the
NERC/WECC Reliability Standards for years 2012 through 2020. Funds have
been approved for their construction in order to meet the in-service dates
described in the table. A more detailed discussion of these projects can be
found in Chapter 5 of this report.

Table E-1: Near-Term (Years 1-5) Transmission Projects

Project ‘ Expected In-

Project Name Project Description ‘ Service Date

Status

Hurley 50 MVAr Shunt Capacitor | Install transmission capacitors Committed May 31, 2014

For planning and modeling purposes only, the projects in Table E-2 are
shown with preliminary in-service dates. No final decision has been made as
to the timing or staging of these projects. The District will evaluate the need
and timing of these projects and make a recommendation in future
assessments. A more detailed discussion of these projects can be found in
Chapter 5 of the report.



Table E-2: Long-Term (Years 6-10) Proposed Transmission Projects

Project Name Project Description

Project

Status

Proposed In-
Service Date

Franklin 230/69 kV Substation New Distribution Substation Proposed May 31, 2016

Install'200 MVAT of transmission Install transmission capacitors Proposed May 31, 2020

capacitors

lowa Hill Pump Storage Facility New Hydro Plant in the UARP Proposed May 31, 2020

Lake-Folsom 230 kV and

Folsom-Orangevale 230 kV Reconductor the Lakg-FoIsom- Proposed May 31, 2020
: Orangevale 230 kV Lines

Reconductoring

North City SPS Trip and Lockout North City 21 kv Proposed May 31, 2021

Feeders

In addition to the aforementioned projects, other projects that could add
transmission system infrastructure to increase the SMUD LSC include the

following:

Resource Projects
0 Hybrid solar-thermal plant

o Conventional natural gas peaking generation
0 Redesigned Dispatchable Demand Response

O’Banion-Sutter 230 kV conversion to a double circuit line
Comprehensive load power factor correction program

A 500 kV transmission line interconnection to WAPA'’s Tracy station
Convert the McClellan peaker into a synchronous condenser

Static Var Systems added in the SMUD service area

Modification or removal of the Lake — Gold Hill series reactor

These projects are currently in the conceptual phase with preliminary studies

underway.
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Chapter 1:
Introduction



The Sacramento Municipal Utility District (SMUD), established in 1946, is the
nation’s sixth largest community-owned electric utility in terms of customers
served (approximately 590,000) and covers a 900 square mile area that includes
Sacramento County and a small portion of Placer County. SMUD'’s all-time peak
demand of 3,299 MW occurred on July 24, 2006.

A comprehensive year-by-year assessment of the District’s transmission system
is performed annually to ensure that NERC/WECC Reliability Standards are met
each year of the ten year planning horizon. This assessment includes the near-
term (2012 through 2016) and the long-term (2017 through 2021) planning
horizons.

The 2011 Pacific Gas and Electric (PG&E) Expansion Plan power flow base
cases were used as a basis for this assessment. These cases incorporate a 1-
in-10 year adverse peak load for both SMUD and the surrounding Sacramento
Area and have all projected firm transfers modeled. These cases are modified to
include recent load forecast revisions, reflect expected generation patterns, and
include updates for project proposals, delays or cancellations.

This Ten-Year Plan focuses on adverse weather peak system conditions and off-
peak conditions including thermal, voltage stability and transient stability
analyses.

1.1 Reliability Criteria and Guidelines

The 2011 annual assessment used the NERC/WECC Planning Standards, the
WECC reactive margin criteria, study methodology and study guidelines to
assess the SMUD transmission system. See Appendix 3: NERC/WECC
Reliability Standards for details.

1.2 Load Forecast

SMUD'’s Resource Planning and Pricing Department provides annual load
forecast updates. A high customer growth scenario combined with summer heat
storm conditions is used for reliability planning. This year’s load forecast reflects
SMUD'’s significant investment in customer energy efficiency programs and
expected SB1 solar installations and is referred to as the “managed” peak.

Currently, Grid Planning (GP) performs local Sacramento Area transmission
assessment studies using the reliability planning case load forecast that assumes



1-in-10 year weather conditions. The managed high growth forecast includes a
portion of SMUD’s energy efficiency and solar goals which are projected from
planned expansion of existing energy efficiency programs and new subsidized
rooftop solar generation programs. The forecast excludes future energy
efficiency, demand reduction, and distributed generation programs that have not
yet been designed. In addition, the Reliability Case forecast includes high
customer growth, equivalent to the growth rates experienced during the most
recent economic boom. SMUD Staff develops the load forecast to ensure
sufficient reliability projects are identified to meet the NERC/WECC reliability
criteria considering risks related to future loads including higher than expected
load growth, less than expected peak demand reductions from energy efficiency
and distributed generation programs, and potential delays in siting of major
transmission related facilities.

Table 1-1 provides the year by year load forecasts used in this study. Figure 1-1
is a graphical representation of the load forecast scenarios displayed in Table 1-
1. In addition, Figure 1-2 depicts historical peaks dating back ten years.

Table 1-1: Adverse Peak Demand Load Forecast

Average | Average
1-in-10 2013 2015 2017 | 2018 Rate Rate
Forecast (MW) (MW) (MW) | (MW) (MW (%/

IANGED) Year)

High Growth | 5 505 | 380 | 3,313 | 3,355 | 3,405 | 3,458 | 3,513 | 3,566 | 3,621 | 3,684 42 1.2
(Managed)
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1.3 Demand Side Management Programs

The District’s current Demand Side Management (DSM) programs are not
typically used for transmission planning purposes as they are only used during
emergencies or for proposed mitigation in the event that transmission or
generation projects are delayed. However, DSM programs are currently being
evaluated for re-design to allow for more frequent use and implementation being
coordinated with a new two-way metering system and communication
infrastructure. The District is evaluating a long-term commitment to these
programs along with other demand and supply alternatives which may increase
both transmission and distribution grid reliability. Once the new programs have
been implemented, they will be evaluated for inclusion in SMUD'’s transmission
planning or as a reduction to peak load.

1.4 Reactive Power Assumption

The electric demand modeled in the base cases represents a 0.983 lagging
power factor at the distribution level based on input from Distribution Planning.

Distribution Engineering evaluates transformer reactive loading and determines
the appropriate locations to install distribution capacitors. There are
approximately 1,500 MVAr of capacitors currently installed at distribution
substations or out on the distribution feeders.

In addition, there are approximately 860 MVAr of 230 kV 69 kV, 21 kV and 12 kV
capacitors that are used by transmission and distribution operators to maintain
voltages on the bulk transmission system. Typically, new capacitors are installed
at the low side of 230 or 115 kV step down transformers when new substations
are completed or when the MVAr flow through the transformer becomes
excessive and capacitors on the distribution system cannot be installed.

The District has begun to install transmission shunt capacitors at the 230 kV
level. These capacitors provide operating flexibility, help maintain 230 kV
voltages, compensate for reactive flows from the transmission system to the
distribution system, and supply the reactive losses on intertie lines during peak
periods with high import levels.

There are also 70 MVAr of shunt reactors located in the District’s transmission
system and modeled in the power flow cases. These reactors are located at
Hurley, Orangevale and Pocket substations and are used to help lower bus
voltages during off-peak conditions. During summer peak conditions, these
reactors are switched out of service.



1.5 Generation Assumption

Table 1-2 indicates the output level assumptions for the generating units in the
SMUD transmission system.

Table 1-2: SMUD Area Generation Assumptions

. Power Flow
Generation SMUD Generation Net Dependable Output
Type Capacity (MW) Level (MW)

Camino 156 100
Jaybird 148 120
Jones Fork 10 10
Loon Lake 79 70
Hydro Robbs Peak 26 20
Union Valley 47 40
White Rock 220 160

Total Hydro Dispatch 686 520
Campbell Soup 150 150
McClellan 70 60
Procter and Gamble 160 150
Thermal Carson Ice 92 90
Cosumnes 500 500
UC Davis Medical Center 25 25
Kiefer Land Fill* 0 0

Total Thermal Dispatch 1,014 975

Total Generation Dispatch 1,700 1,495

This assessment study maintains approximately 200 MW of operating reserves
of internal SMUD generation under normal conditions.

1.6 Proposed and Planned Transmission Projects List

Table 1-3 lists the committed transmission projects that have an impact on the
District’s transmission network. This table lists only those projects that the
District has committed to fund and construct. Some of these projects are near
completion while others are still in the design stage. A more detailed discussion
of these projects can be found in Chapter 5 of the report.

Table 1-3: Near-Term Planned Transmission Projects

Year Project Expected Expected In-
Project Name Project Description ) Lead Time pe
Proposal Status Service Date
\GED)
Hurley_230 kV Shunt Install 50 MVAr _ 2006 Committed 1 May 31, 2014
Capacitor transmission capacitors

Table 1-4 lists the proposed projects that have an impact on the District’s ability
to reliably serve the long-term load forecast. These projects have been identified
as alternatives in the 2017 through 2021 time frame for load serving

! Kiefer Land Fill is located on the distribution system and is represented as a negative load in the power flow model.
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requirements with the high load growth scenario described in Section 1.2. A
more detailed discussion of these projects can be found in Chapter 5 of the
report.

Table 1-4: Long-Term Proposed Transmission Projects

Expected

. ) . Year Project . Proposed In-
Project Name Project Description Proposal Status Lead Time Service Date
\GED)
Franklin 230/69 kV New Distribution
Substation Substation 2005 Proposed 6 May 31, 2016
Install 200 MVAr of_ Install_transmlssmn 2007 Proposed 2 May 31, 2020
transmission capacitors | capacitors
lowa Hill Pump Storage | New Hydro Plant in the )
Facility UARP TBD Proposed 8-10 May 31, 2020
;ﬁge';ggggnnj 230 kv Reconductor the Lake-
Folsom-Orangevale 2008 Proposed 5 May 31, 2020
Orangevale 230 kV -
. 230 kV Lines
Reconductoring
. Trip and Lockout North
North City SPS City 21 kV Feeders 2010 Proposed 1 May 31, 2021

In addition to the aforementioned projects, other projects that could add
transmission system infrastructure to increase the SMUD LSC include the
following:

O’Banion-Sutter 230 kV conversion to a double circuit line
Comprehensive load power factor correction program
A 500 kV transmission line interconnection to WAPA'’s Tracy station
Convert the McClellan peaker into a synchronous condenser
Static Var Systems added in the SMUD service area
Modification or removal of the Lake — Gold Hill series reactor
Resource Projects

o Hybrid solar-thermal plant

o Conventional natural gas peaking generation

0 Redesigned Dispatchable Demand Response

These projects are currently in the conceptual phase with preliminary studies
underway.



Chapter 2:
Load Serving Capability



SMUD’s LSC is the maximum load that can be served with all facilities in service
while meeting all applicable reliability standards. The LSC is compared against
the managed high growth load forecast to determine potential reliability
constraints and the need for transmission upgrades, demand side reductions, or
generation projects. The LSC should exceed the load forecast to ensure bulk
transmission system reliability.

2.1 Near-Term Load Serving Capability

The near-term planning horizon is defined as years one through five in the NERC
Reliability Standards. Studies show that the District will be able to reliably serve
load in years 2012 through 2016 with the committed transmission projects
identified in Table 1-3 in service.

The LSC is limited by the WECC reactive margin criteria at Natomas 230 kV bus
for loss of the Sutter-O’Banion 230 kV Line (N-1). Table 2-1 lists the LSC
limitations for the near-term.

Table 2-1: Near-Term LSC Limitations

Limiting Limiting Import Capability
Contingency Facility (MW)
2012
3600 2,160
2013 WECC Reactive
2014 O’Banion-Sutter 230 kV Margin Criteria at
(N-1) Natomas 230 kV
2015 Bus 3630 2,180
2016

This year’s LSC is approximately 100 MW higher than last year’s due to the
following system changes in the base cases:

e A 7% load reduction in PG&E’s surrounding Central Valley area
(Sacramento, Sierra, Stockton, and Stanislaus divisions)

e Updated SMUD generator buses’ scheduled voltage

e Turned on approximately 400 MVAr of existing shunt capacitors
at Malin 500 kV bus

e Added 400 MVAr of newly installed shunt capacitors at Captain
Jack 500 kV bus as part of the BPA’'s COI 4800 Project

e Added second distribution shunt capacitor at Cordova substation

e Added approximately 70 MW renewable generation in the Solano
and Clay areas

e Added Lodi Energy Center (290 MW capacity).

9



Figure 2-1 illustrates the LSC if the committed projects are in service described in
Tables 1-3.
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2.2 Long-Term Load Serving Capability

Studies have shown that the District will be able to reliably serve the high growth
scenario loads in years 2017 through 2021 with the committed and proposed
transmission projects identified in Tables 1-3 and 1-4 in service. Additional
reliability projects providing other alternatives to reliably meet these load levels
are currently being identified and studied.

Table 2-2 lists the LSC limitations for the long-term planning.

Table 2-2: Long-Term LSC Limitations

Limiting Limiting Import Capability
Contingency Facility (MW)
2017
2018 WECC Reactive 3,630 2,180
O’Banion-Sutter 230 kV Margin Criteria at
2019 (N-1) Natomas 230 kV
2020 Bus
3,930 2,110
2021

Figure 2-2 illustrates the LSC if the committed and proposed projects are in
service described in Tables 1-3 and 1-4.
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Chapter 3:
Reliability Assessment Results
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A comprehensive year-by-year electric transmission system assessment of the
Sacramento Area is performed annually to ensure that NERC Reliability
Standards are met each year. In addition to the required minimum five year
planning horizon, SMUD also performed analysis for up to ten years. The power
flow base cases used for this assessment include existing and planned facilities.
This assessment is based on all contingencies applicable to Categories A, B, C,
and D, which includes SMUD’s owned transmission lines, generators, and
transformers, and selected key facilities owned by outside utilities due to their
proximity to the SMUD system. In addition, it includes the most severe double
line outages that have limited SMUD’s import and load serving capability.

The assessment results were performed modeling the load growth scenarios
described in Section 1.2. Refer to the following paragraphs for a review of the

assessment of the District’s system under adverse peak conditions and off-peak
conditions including thermal, voltage stability and transient stability analyses

3.1 Summer Adverse Peak System Conditions

For near-term system performance, the transmission assessment for the SMUD
Area has demonstrated that there were no Category A, B, or C overloads.
Category D results are given for informational purposes only and to be provided
to WECC, as the Regional Reliability Organization (RRO), as required by the
RRO. Refer to Table 3-1 for a review of the assessment results

Category A — Normal Conditions

No Violations

Category B — Loss of a Single Bulk Electric System Element

No Violations

Category C — Loss of Two or More Bulk Electric System Elements

No Violations

Category D — Extreme Events Resulting Loss of Two or More Bulk
Electric System Elements

» EIk Grove-Hedge 230 kV Corridor Section 1
= Elverta-Orangevale 230 kV Corridor Section 6 (with Carmichael SPS)

15



= Elverta 230 kV Substation (Western)

The intention of the long-term analysis is more of a screening level and it is
meant to identify transmission facilities where longer term review may be
required to ensure the transmission system continues to meet all applicable
reliability standards. The transmission assessment for the SMUD Area has
demonstrated that there were no Category A, B, or C overloads for the long-term
planning horizon.

Category A — Normal Conditions

No Violations

Category B — Loss of a Single Bulk Electric System Element

No Violations

Category C — Loss of Two or More Bulk Electric System Elements

No Violations

Category D — Extreme Events Resulting Loss of Two or More Bulk
Electric System Elements

Not required for long-term planning horizon

16



Table 3-1: Summer Adverse Peak Assessment Results

NERC
Category

Contingency

None

None

None

Elk Grove-Hedge 230 kV

Affected
Facility

Campbell-

Facility
Rating

SE Amps

2012
(%)

2013
(%)

2014
(%)

2015
(%)

2016
(%)

Corridor Section 1 Hedge 230 kV 1396 114 114 115 122 118
D7
Elverta-Orangevale 230 kV .
Corridor Section 6 [with ﬁﬁﬂzmgggkv SE&;?pS 100 | 100 | 100 | 100 | 100
Carmichael SPS] Y
Hurley-
Natomas 230 SEs'ngs 145 | 148 | 152 | 148 | 150
Elverta 230 kV Substation kV
D8
(Western) Natomas- SE Ambs
O'Banion 230 P 107 | 109 | 111 | 108 | 110
KV 1506

2017 2018 2019 2020 2021

(%) (%) (%) (%) (%)

Not Required for Long-Term Planning
Horizon

Mitigation
Plan

N/A




3.2 Summer Off-Peak System Conditions

As part of the 2011 PG&E Expansion Plan power flow base cases, two base
cases were developed for the off-peak study. The two base cases represent
2016 and 2021 summer off-peak conditions. The 2016 base case meets the
near-term planning horizon, while the 2021 base case meets the long-term
planning horizon.

Although SMUD is a summer peaking area, the summer off-peak (low load and
low generation conditions) assessment is performed to ensure any thermal or
voltage violations under Category A, B, C, and D contingencies for the near and
long-term planning horizons are identified and mitigated.

Category A — Normal Conditions

= Near-Term: No Violations
= Long-Term: No Violations

Category B — Loss of a Single Bulk Electric System Element

= Near-Term: No Violations
= Long-Term: No Violations

Category C — Loss of Two or More Bulk Electric System Elements

= Near-Term: No Violations
= Long-Term: No Violations

Category D — Extreme Events Resulting Loss of Two or More Bulk
Electric System Elements

= Near-Term: No Violations
= Long-Term: Not Required

18



3.3 Transient Stability

As part of the 2011 PG&E Expansion Plan power flow base cases, four base
cases were developed for transient stability study for years 2016 and 2021. Two
base cases were prepared for summer adverse peak and two for summer off-
peak conditions. The 2016 base cases meet the near-term planning horizon,
while the 2021 base cases meet the long-term planning horizon.

A total of 41 stability runs, including Category A, B, C, and D contingencies, were
simulated to evaluate the transient stability of the SMUD transmission system
under both summer adverse peak and summer off-peak conditions. The
contingencies were developed to include SMUD owned transmission lines,
generators and transformers, and select key facilities owned by outside utilities
due to their proximity to the SMUD system. In addition, it includes the most
severe double line outages that have limited SMUD’s import and load serving
capability.

All 41 contingencies were evaluated to ensure acceptable performance with the

NERC/WECC reliability standards. The stability runs were run out to 20 seconds
and demonstrated no instability and were positively damped.
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3.4 Potential New Generation Sensitivity — lowa Hill Pumping Plant

Sensitivity study was performed to determine the system impact of the lowa Hill
Pumping Plant. Currently, the construction schedules for the pumping plant have
been placed on hold until further notices.

The study results have demonstrated that if the lowa Hill Pumping Plant is
materialized, the Elverta 230/115 kV transformer and the Elverta-North City 115
kV line could exceed its emergency capacity. The following table summarizes
the power flow results from this sensitivity study.

Table 3-2: lowa Hill Pumping Plant Sensitivity Results

NERC

Contingency

Transmission Facility Facility 2020 ‘

Category Ratings (%)
SE Rating
Elverta 230/115 kV Transformer 140 MVA 107
Hurley 230 kV Bus Fault
. SE Rating
C1 Elverta-North City 115 kV 726 Amps 99
SE Rating
Elverta 230/115 kV Transformer 140 MVA 100 Hurley 115 kV Bus Fault
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Chapter 4.
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4 Completed Transmission Projects

This chapter lists the planned projects that were completed.

4.1 Natomas 230 KV Shunt CapacCitor ...........c.uuveiiiieeiiiiiiieee e 23
4.2 O’Banion-Elverta/Natomas 230 KV Project ...........ccccoeviiiiiiiiiiiiiie e 24
4.3 Hedge — Rancho Seco 230 KV LOOP .......uvuviviiiiiiiiiiiiiiiiiiiiiieiiiiiennninnnnnnnennnnnnn. 25
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4.1 Natomas 230 kV Shunt Capacitor

IN-SERVICE DATE

February 13, 2011

PROJECT SCOPE

This project involves installing 50 MVAr of 230 kV transmission capacitors at
Natomas substation (part of the 150 MVAr of capacitor banks).
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4.2 O’Banion-Elverta/Natomas 230 kV Project

IN-SERVICE DATE

May 21, 2011

PROJECT SCOPE

This project involves opening and extending SMUD’s existing Elverta-Natomas
230 kV line into Western’s O’Banion substation.

PRE-PROJECT TRANSMISSION POST PROJECT TRANSMISSION
O'BANION O'BANION A=
(WAPA) (WAPA) I |
ELVERTA ] | ELVERTA
230kV | 280kv
ELVERTA (SMUD) ELVERTA + . (SMUD)
(WAPA) T | I (WAPA) T & | I
[< = >
=, ELVERTA | | ELVERTA
— 115kV A 115 kv
FoWR A N S
s Y 4 Uy i

- Y v Vv - \v} Y V)
L= > — <>
i - D

NATOMAS NATOMAS
HURLEY 230 kV HURLEY 230 kV
HURLEY HURLEY
115kV 115KV
+ NORTH CITY * NORTH CITY

Figure 4-1: O'Banion-Elverta/Natomas 230 kV Project One-Line Diagram
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IN-SERVICE DATE

May 23, 2011

PROJECT SCOPE

This project involves looping the Hedge-Rancho Seco 230 kV Line into Elk Grove
Substation as part of the Elk Grove 230 kV Substation Expansion project.

PRE-PROJECT TRANSMISSION POST PROJECT TRANSMISSION
HURLEY CORDOVA HURLEY CORDOVA
PROCTER & GAMBLE PROCTER & GAMBLE
—
——
HEDGE HEDGE
RANCHO SECO RANCHO SECO
CAMPBELL CAMPBELL
——
——
POCKET POCKET |
——
——
ELK GROVE ELK GROVE
——
——
TRACY PUMP TRACY PUMP

Figure 4-2: Hedge-Rancho Seco 230 kV Loop Project
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Chapter 5:
Planned Transmission Projects
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The projects listed in this chapter are proposed projects from previous
assessments that were included in the base assessment assumption. This
chapter provides detailed information on the planned transmission projects:

5.1
5.2
5.3
5.4
5.5
5.6
5.7

Hurley 230 KV Shunt Capacitor.............covvvviiiiiiiiiiiieiiceieeeeeeeeeeeeeee e 28
Franklin 230/69 KV SUbStation ............ccovviiiiiiiiieeeee e 29
200 MVAr of Capacitor BanKS ......cccoooiiiiiiiee e 31
lowa Hill Pump Storage Hydro Plant.............cccooovieeiiiiiii i 32
Folsom-Orangevale 230 kV RecoNdUCIONNG .........cccuvvrriieeeenniiiiiiiieeeee e 35
Folsom-Lake 230 kV ReconducCtoring ............ccouvviiiiiiiiiiiiiieeeeeeeeeeee 37
NOFN CItY SPS ... 39
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EXPECTED IN-SERVICE DATE

May 31, 2014

PROJECT SCOPE

The scope of this project is to install 50 MVAr of 230 kV transmission capacitors
at Hurley Substation (part of the 150 MVAr of capacitor banks).

BACKGROUND

The locations currently selected for transmission capacitor installations are Elk
Grove, Natomas, and Hurley substations. These locations were selected
primarily by evaluating the substation reactive load, voltage response to severe
NERC Category C contingencies and the proximity to interconnection points with
other utilities.

SYSTEM IMPACTS

The installation of 150 MVAr of transmission capacitors reduces system losses,
improves the 230 kV voltage profile, supplies substation reactive demand,
provides reactive support for high import levels and system disturbances,
improves operating flexibility, and simplifies reactive device coordination with
distribution. In addition, the capacitors can significantly increase the District’s
LSC.

ONE-LINE DIAGRAM

= None
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EXPECTED IN-SERVICE DATE

May 31, 2016

PROJECT SCOPE

This project will construct a new distribution substation with a breaker and a half
bus configuration. In addition, the Rancho Seco-Pocket 230 kV No. 1 Line will be
looped into the substation and 2-16.2 MVAr of capacitor banks will be installed.
The substation will include 5-230 kV circuit breakers and a single 230/69 kV
transformer, rated at 224 MVA.

BACKGROUND

The Franklin 230/69 kV Substation site is located near the intersection of Franklin
Boulevard and Bilby Road. The substation is adjacent to the Rancho Seco -
Pocket 230 kV DCTL.

SYSTEM IMPACTS

There are no NERC Reliability Standard violations associated with the
construction of this substation. Primarily, Franklin Substation off loads the
Pocket and Elk Grove substations and meets customer demand.

ONE-LINE DIAGRAMS

= Figure 5-1: Conceptual Franklin One-Line Diagram
= Figure 5-2: Franklin Location Diagram
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Franklin-Rancho Seco 230 kV

230 kV Bus No. 2

Franklin-Pocket 230 kV

230/69 kV
Transformer No.1
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Figure 5-1: Conceptual Franklin One-Line Diagram
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Figure 5-2: Franklin Location Diagram
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EXPECTED IN-SERVICE DATE

May 31, 2020

PROJECT SCOPE

The scope of this project is to install 200 MVAr transmission capacitor banks (in
conjunction with lowa Hill Hydro Plant Project) to provide a gain in LSC close to
the plant capacity.

BACKGROUND

The 400 MW lowa Hill Pump Storage Plant provides many reliability benefits and
increases the District’s ability to reliability serve load. However, it does not
provide the desired increase in LSC.

Possible locations selected for transmission capacitor installation include Lake,
Orangevale, Cordova, and Elverta substations. These locations were selected
because they are substations where the UARP transmission lines terminate or
are important interconnection points with other utilities:

= Lake 230 kV 50 MVAr
= Orangevale 230 kV 50 MVAr
= Cordova 230 kV 50 MVAr
= Elverta 230 kV 50 MVAr

SYSTEM IMPACTS

A combination of adding transmission capacitors may allow this 400 MW plant to
be near 100% effective in increasing LSC. In addition, the capacitors will
compensate for the increased system reactive losses.

ONE-LINE DIAGRAM

None
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EXPECTED IN-SERVICE DATE

May 31, 2020

PROJECT SCOPE

The scope of this project is to construct a 400 MW lowa Hill Pump Storage Hydro
Plant within the District’'s Upper American River Project (UARP). The plant is
expected to interconnect to the White Rock—Camino 230kV Line through a new
230 kV switchyard and a 2 miles long double circuit 230 kV transmission line.

In addition, reconductoring the following UARP 230 kV lines with high ampacity
954 ACSS conductors will be necessary:

White Rock-Orangevale 230 kV
White Rock-Cordova 230 kV
Camino-Lake 230 kV
Camino-White Rock 230 kV
Jay Bird-White Rock 230 kV

The 954 ACSS conductor has a normal and emergency rating of 1,714 amps.

BACKGROUND

The lowa Hill site is adjacent to the existing Slab Creek reservoir within the
District's UARP. lowa Hill would pump during low load periods and generate
during peak load conditions.

The addition of 400 MW of additional generation in the UARP will require
transmission reinforcement to allow delivery of the full output from lowa Hill.
Table 5-1 lists the existing UARP transmission lines.

Table 5-1: Existing UARP 230 kV Lines

Transmission Facility Co[lr?l;gtor Ratlr(lgil/[SAEr?ps] le(aMLi:eer;gth

White Rock-Orangevale 230 kV 954 AAC 801/923 31
White Rock-Cordova 230 kV 954 AAC 801/923 31
Camino-Lake 230 kV 954 AAC 801/923 32
Camino-White Rock 230 kV 954 ACSR 883/954 10
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Conductor Ratings [Amps] Line Length

Transmission Facility

Type (SN/SE) (Mile)
Jay Bird-White Rock 230 kV 795 ACSR 761/864 16
Jay Bird-Union Valley 230 kV 795 ACSR 778/801 6
Camino-Union Valley 230 kV 954 ACSR 761/863 12

Previous analysis indicated that there would likely be strong opposition to
constructing a fourth circuit through a 7 mile section of the El Dorado Hills Area
to accommodate this project. As a result, the current proposal consists of
reconductoring some of the existing 230 kV lines with high ampacity 954 kcmil
ACSS conductor.

Reconductoring the UARP 230 kV transmission lines with high ampacity 954
ACSS conductor allows the lowa Hill plant to deliver 400 MW to the SMUD load
center. However, the high ampacity conductor does not allow a corresponding
400 MW increase in the District’'s LSC during peak conditions. The reason for
this is that ACSS conductor has a higher resistance, so an increase in resistance
will increase the I2R losses and will increase the line impedance; therefore,
increasing the voltage drop along the line.

SYSTEM IMPACTS

In addition, the lowa Hill Project causes thermal overloads on the Folsom-
Orangevale and Folsom-Lake 230 kV lines following NERC Category C
contingencies (with Folsom Loop Project in service). A possible reinforcement
plan is to reconductor these 230 kV lines.

ONE-LINE DIAGRAMS

» Figure 5-3: lowa Hill One-Line Diagram
= Figure 5-4: lowa Hill Location within UARP
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EXPECTED IN-SERVICE DATE

May 31, 2020

PROJECT SCOPE

The scope of this project is to reconductor the Folsom-Orangevale 230 kV Line
(in conjunction with lowa Hill) with a higher ampacity conductor (1,714 Amps
summer emergency). If necessary, an upgrade of associated line terminal
equipments to accommodate the new ratings may be required.

BACKGROUND

The lowa Hill Pump Storage Plant provides many reliability benefits and
increases the District’s ability to reliability serve load. However, it causes thermal
overloads on the 230 kV circuits which bring UARP power into the SMUD load
center. One of the 230 kV circuits is the Folsom-Orangevale 230 kV Line.

The Folsom-Orangevale 230 kV Line is approximately 6 miles long and consists
of 954 AAC conductor. It has a normal conductor rating of 801 Amps and an
emergency rating of 924 Amps.

ONE-LINE DIAGRAM

= Figure 5-5: Lake-Orangevale Area Diagram
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EXPECTED IN-SERVICE DATE

May 31, 2020

PROJECT SCOPE

The scope of this project is to reconductor the Folsom-Lake 230 kV Line (in
conjunction with lowa Hill) with a higher ampacity conductor (1,714 Amps
summer emergency). If necessary, an upgrade of associated line terminal
equipments to accommodate the new ratings may be required.

BACKGROUND

The lowa Hill Pump Storage Plant provides many reliability benefits and
increases the District’s ability to reliability serve load. However, it causes thermal
overloads on the 230 kV circuits. One of the overloaded 230 kV circuits is the
Folsom-Lake 230 kV Line.

The Folsom-Lake 230 kV Line is approximately 4 miles long and consists of 954
AAC conductor. It has a normal conductor rating of 801 Amps and an
emergency rating of 924 Amps.

ONE-LINE DIAGRAM

= Figure 5-6: Lake-Orangevale Area Diagram
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EXPECTED IN-SERVICE DATE

May 31, 2021

PROJECT SCOPE

The scope of this project is to install a SPS to trip and lockout North City 21 kV
feeders sequentially until the overloads on the Elverta 230/115 kV transformer
and Elverta-North City 115 kV line are mitigated.

BACKGROUND

The downtown area load is served by three main substations (Elverta and Hurley
substations from the north and Hedge substation from the south). Hurley
substation, a main and transfer bus arrangement, is a critical interconnection
point with Western and a main hub for imports. A bus fault at Hurley results in
the loss of the entire station.

SYSTEM IMPACTS

Under adverse peak conditions, a fault on the Hurley 230 kV or 115 kV bus
causes thermal overloads on the Elverta 230/115 kV transformer and Elverta-
North City 115 kV line.

ONE-LINE DIAGRAM

None
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6 Transmission Projects Needing Further Analysis

The projects listed in this chapter are transmission projects that are still in the
preliminary stages and will require further analysis. This chapter provides details
for each transmission projects:

6.1 Tracy 500 KV INterconnection.............cccoeee e 42
6.2 o)V gl ot Tex o] g OX o] ¢ (=Tex 1]0] o H 46
6.3 Sutter-O’Banion 230 KV CONVEISION .....iieeeeeeee e e e e e e e eaaeens 48
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BACKGROUND

A Tracy 500 kV Interconnection adds transmission system infrastructure to
increase SMUD LSC. Currently, the Tracy 500 kV Interconnection is still in the
conceptual phase. One of the delivery points is within SMUD’s territory just
south of the City of Elk Grove (referred to as Switching Station in this report).
This project will be sponsored by Western, though SMUD requested the
transmission service.

Two alternatives were examined and all alternatives included the following
models as the base:

= New 500/230 kV Switching Station
= New 500 kV line from Tracy to the Switching Station.

Alternative 1 includes looping the Franklin-Rancho Seco 230 kV Line and the
Pocket-Rancho Seco 230 kV Line into the Switching Station. Refer to Figure 6-1.

Alternative 2 includes looping the Franklin-Rancho Seco 230 kV Line and the Elk
Grove-Rancho Seco 230 kV #1 Line into the Switching Station. Refer to Figure
6-2.

The analysis evaluated the system impacts on the District’s transmission system
with the addition of the 500 kV source. In addition, there may be various other
alternatives to be taken into consideration in future assessments.

SYSTEM IMPACTS

Power flow analysis performed on the alternatives indicated that Alternatives 1
and 2 could have impact on the following SMUD 230 kV and 115 kV transmission
lines, specifically:

Campbell-Hedge 230 kV Line
Hurley-Procter 230 kV Line

Hedge-South City 115 kV #1 and #2 Lines
East City-Hedge 115 kV Line.

Table 6.1 shows the comparison of power flow results between the two
alternatives.
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Table 6-1: Power Flow Results Comparison

Contingency

Elk Grove-Rancho Seco 230 kV

Affected Facility

Facility
Rating
(Amps)

(N-2) Campbell Soup- 17 N/A
1,396 84

Elk Grove-Rancho Seco #1 and Hedge 230 kv N/A 114
Sw Sta-Hedge 230 kV (N-2)

Tracy-Hurley 230 KV (N-2) E'\‘/‘”ey'PrOCter 230 924 66 92 94
Procter-Hurley 230 kV and East Hedge-South City

City-Hedge 115 KV (N-2) 115 kV #1 and #2 st 63 86 88
Hedge-South City 115 kV (N-2) East City-Hedge 115 454 72 87 89

kv

ONE-LINE DIAGRAMS

= Figure 6-1: Alternative 1
= Figure 6-2: Alternative 2
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Alternative 1: Loop Franklin-Rancho Seco and Pocket-Rancho Seco 230 kV
Lines into Switching Station

This alternative involves looping the Franklin-Rancho Seco and Pocket-Rancho
Seco 230 kV lines into the new Switching Station.

POCKET HEDGE

ELK GROVE | ]

FRANKLIN

HEEN
230 kv
Switching
Station
500 kV

TRACY 500 kV

HURLEY

H N
u
|
RANCHO SECO
|
|
H N

TRACY 230 kV

Figure 6-1: Alternative 1
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Alternative 2: Loop Franklin-Rancho Seco and Elk Grove-Rancho Seco 230
kV #1 Lines into Switching Station

This alternative involves looping the Franklin-Rancho Seco and Elk Grove-
Rancho Seco 230 kV #1 lines into the new Switching Station.

HURLEY
POCKET HEDGE
| I ]
L I | H n
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| |
u
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| | |
|
u
AN EN
230kV
Switching
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500 kV
Hn
TRACY 500 kV TRACY 230 kV

Figure 6-2: Alternative 2
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BACKGROUND

Currently, SMUD’s electric demand modeled in the base cases represents a
0.983 lagging power factor at the distribution level based on input Distribution
Planning.

SYSTEM IMPACTS

For the near-term planning horizons, the transmission system is limited by
WECC voltage stability criteria. The chart below demonstrates the potential
increases in LSC due to power factor correction. Correcting the power factor to
approximately 0.992 lag unity could gain approximately 190 MW in LSC before a
thermal limitation is encountered. See Figure 6-3.

This project is in the conceptual phase. Additional coordination with Distribution

Planning and Operations will be necessary to determine the actual LSC gains
along with the monitoring and implementation elements
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PROJECT SCOPE

The scope of this project is to convert the Sutter-O’Banion 230 kV Line to a
double circuit line by unbundling the existing 230 kV line into two separate lines
and adding a circuit breaker at Sutter Substation.

BACKGROUND

The Sutter-O’Banion 230 kV Line, 4 miles long, connects the Sutter generation to
the Sacramento load center. This line was constructed as a double circuit, but
only one circuit breaker was originally provided at each end of the line, and it is
currently operated as a single circuit.

This project requires coordination between Western, Calpine and SMUD.

SYSTEM IMPACTS

Converting the Sutter-O’Banion 230 kV transmission line to a DCTL improves
system reliability by eliminating the loss of 500 MW of generation for NERC
Category B contingencies. After the O’Banion-Elverta/Natomas Project is in
service, the District’s LSC will be limited by WECC reactive margin requirements
for a NERC Category B contingency of Sutter-O’Banion. Converting this line to a
double circuit eliminates this single contingency as a limitation. A gain in LSC is
achieved because the next limiting contingency is a NERC Category C
contingency and the WECC reactive margin requirements are reduced for this
level of contingency.

ONE-LINE DIAGRAM

» Figure 6-4: Sutter-O’Banion 230 kV Conversion One-Line Diagram
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Chapter 7:
New Transmission Project Proposals
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7 New Transmission Project Proposals

There are no new upgrade proposals for the 2011 transmission assessments.

51



SMUD'’s Integrated Resource Plan (IRP) develops strategies and
recommendations for developing a reliable, sustainable and environmentally
responsible portfolio of supply and demand side resources while maintaining
competitive rates for the next twenty years. In this section, Grid Planning lists
additional projects studied as part of the IRP which were not discussed in
previous sections of this document. These conceptual projects, if completed, will
increase SMUD's LSC.

8.1 Gas Turbine SitiNg ASSESSIMENT .......cviiiiiiiiiiiiiieii e 53
8.2 lone Renewable Energy Resources Interconnection .............cccceevvvvviiiieeennennns 54
8.3 Solano Renewable Screening AnalysSiS.......ccoooeeveeeiiii i, 55
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BACKGROUND

A natural gas turbine generator interconnection increases SMUD LSC.
Currently, the natural gas siting is still in the conceptual phase. Several potential
sites for the proposed 50 MW gas turbine generator within SMUD service area
includes:

= Hedge substation

= Elk Grove substation

= Elverta 230 kV substation
= Procter substation

= Campbell Soup substation

All these substations have room for expansion, but Hedge, Elk Grove, and
Elverta would require gas pipeline extensions.

SYSTEM IMPACTS

All sites are reasonably comparable with LSC increases ranging between 33 and
39 MW. However, additional generation at Elverta could exacerbate existing
thermal overloads in the Elverta area. Table 8-1 lists the LSC increases
associated with each site.

Table 8-1: LSC Gain

Site LS(,\:/I\(I;Vain Gas Availability Note
Procter 36 On-Site Unloads Elverta area facilities
Hedge 36 1.5 miles Unloads Elverta area facilities
Elverta 39 Approx. 15 miles Exacerbates Elverta area facilities
Campbell 34 On-Site
Elk Grove 33 3.6 miles

ONE-LINE DIAGRAM

None

53



BACKGROUND

SMUD'’s Integrated Resource Plan (IRP) steering committee requested Grid
Planning to assess the high-level transmission issues associated with
interconnection of a potential solar thermal plant and the recently approved
purchase power agreement with a biomass plant near lone, California to SMUD
service area.

Two options, a 230 kV and 69 kV interconnections, were evaluated for the
combined renewable energy output at 200 MW and 90 MW, respectively. Both
interconnection points are near Rancho Seco site.

SYSTEM IMPACTS

A direct interconnection to SMUD provides benefits to the District. Both 230 kV
and 69 kV options increase the SMUD’s LSC between 30 MW and 70 MW.

ONE-LINE DIAGRAM

None
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BACKGROUND

Currently, Solano’s generating capacity is 100 MW and is interconnected through
the PG&E transmission network. IRP steering committee requested GP to
assess the high-level transmission issues associated with interconnection
potential future SMUD projects at Solano including the installation of the Solano
Wind Generation Phase 3 (100 MW) and the solar PV (200 MW), which could
bring the total Solano generation to 400 MW.

SYSTEM IMPACTS

The following three options were evaluated for LSC gain:

= Alternative 1 - A 45 mile 230 kV interconnection to Rancho Seco increases
the District's LSC by 0.5 (i.e., 2 MW generation increases LSC by 1 MW)
and requires an upgrade to the Campbell Soup-Hedge 230 kV line if the
renewable resources exceed 200 MW.

= Alternative 2 - A 500 kV loop in of COTP to a new switchyard provides no
additional LSC benefits to the District.

= Alternative 3 - In addition to Alternative 2, a 30 mile 500 kV interconnection
to Dillard Road Substation increases the District’'s LSC by 320 MW and
requires an upgrade to the following SMUD 230 kV transmission lines:

e Campbell Soup-Hedge 230 kV
¢ Dillard Road-Franklin 230 kV
e Hurley-Procter 230 kV.

ONE-LINE DIAGRAM

None
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There are several Special Protection Systems (SPS) in the Sacramento Area designed
to protect equipment and/or to maintain system reliability in the event of severe
contingencies.

Sutter Special Protection System (SPS)

The Sutter SPS is based on monitoring the current flow on the O’Banion-Elverta #1 &
#2 lines and the O’Banion-Sutter line. The scheme recognizes the season-adjusted line
ratings based on a summer or winter operating season. There are two functions within
the season-dependent thermal overload modules and one function within the season-
independent stability module.

Module 1 is a thermal overload module of the Sutter SPS and can be initiated during
normal conditions with high levels of Sutter Power Plant output in combination with high
Western CVP Northern California hydro generation levels and/or high SMUD Area
imports. If any one of the phases of either O’'Banion-Elverta #1 or #2 is loaded more
than the seasonal SPS trip setting for more than:

= 10 seconds, SPS will send a “Ramp Down” signal to Sultter.
= 10 minutes, SPS will send a “Trip on unit” signal to Sutter.
= 25 minutes, SPS will trip the Sutter-O’Banion 230 kV Line.

Module 2 is a thermal overload module of the Sutter SPS and can be initiated during
emergency conditions for high Sutter Power Plant output in combination with various
single contingency outages south of O’'Banion. If any one of the phases of either
O’Banion-Elverta #1 or #2 is loaded more than the seasonal SPS trip setting for more
than 3 seconds, the Sutter-O’Banion 230 kV Line will be tripped by the SPS.

Module 3 is the stability module (double line outage south of O’'Banion) of the Sutter
SPS and can be initiated If all three phases of both O’Banion-Elverta lines are loaded to
less than 35 Amp (14MVA, indication that both lines are open), and the flow on at least
two of three phases of Sutter-O’Banion is more than 1159 Amp (462 MVA), SPS will
send a signal to Sutter to trip one unit (instantaneous).

Procter Special Protection System (SPS)
The Procter SPS will trip the Hurley-Procter 230 kV Line in the event that a disturbance
causes the Procter-Hedge 230 kV Line to overload. A worst-case scenario (CPP off-

line) for this is the double contingency loss of the Rancho Seco-Bellota 230 kV lines and
all SPS actions associated with the contingency occurred at the same time.
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SMUD Direct Load Tripping (DLT)

The SMUD DLT is an automated Load Shedding application on the SMUD EMS. The
scheme is available to be armed by SMUD dispatchers under certain scenarios. EMS
must be operating for SMUD DLT to be activated since both detection and activation are
performed by EMS.

The SMUD DLT monitors the line status on the following three 230 kV tie-line group:
1. N-2: Rancho Seco-Bellota #1 and #2
2. N-2: Tracy-Hurley #1 and #2
3. N-4: Elverta-O’Banion #1 & #2 & #3, and Natomas-O’Banion

In addition, voltages at Elverta, Hurley, Rancho Seco, Pocket, and Lake are also
monitored. The scheme implements a dispatcher specified amount of load shed in
approximately 10 seconds upon the detection of the loss of two or more of the SMUD
Area tie lines (MW flow on each line below the set-point of 10 MW for 10 consecutive
seconds), or if the majority of the monitored voltages (4 out of 6 buses or more) drop to
less than 212 kV for 10 consecutive seconds.

The Load Shedding scheme consists of individual 12 kV distribution substation feeders
that have SCADA control. The scheme receives real-time information on the loading
and status of each of these distribution feeders and determines the number of feeders
to trip to give the desired amount of Load Shedding. The application opens just enough
feeder breakers to shed the desired load amount. Interrupting smaller increments of
load at the 12 kV levels, instead of shedding load at the bulk transformer or 69 kV
feeder level gives better control in shedding the specified amount of load, and limits the
amount of excess load shedding.

Under Voltage Direct Load Shedding Scheme (UVDLS)

SMUD also has an UVDLS located at several substations. This scheme is armed
continuously and acts as an added safety net to shed load automatically for severe
contingencies. The scheme is set to trip 69 kV feeders automatically when the voltage
at the local 230 kV bus drops below 212 kV for 15 seconds.

UARP Special Protection System (SPS)

A Special Protection System (SPS) has been installed to eliminate overloads due to
high UARP generation levels for loss of double line outages. This scheme monitors the
current for the White Rock -Orangevale and Jaybird—White Rock lines. The SPS is
normally armed at all times and will runback Camino Generators 1 & 2 and White Rock
Generators 1 & 2, as necessary, to mitigate potential thermal overloads on the White
Rock-Orangevale and Jaybird—White Rock 230 kV lines, depending on the SPS
seasonal setting.
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Carmichael Special Protection System (SPS)

The Hurley-Carmichael 230 kV Line has two sections: an overhead line section and a
pipe-type underground cable section. The 230 kV line is limited by the underground
cable section for normal conditions and limited by the overhead section during
emergency conditions.

The SPS is to protect the 230 kV line under the following double line outage: the
Folsom-Orangevale and Orangevale-White Rock 230 kV lines.

The SPS consists of non-directional overcurrent relays installed at Carmichael that
monitor the current through the Hurley-Carmichael 230 kV Line. The SPS will be
always in service, but deployed only when line ampacity is above the summer
emergency rating of 925 Amps (368 MVA).
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Appendix 2: Contingency List

The complete Category A, B, C, and D contingency list is available upon request

60



The District utilizes the NERC/WECC Reliability Standards, the WECC reactive margin
criteria and study methodology, and study guidelines unique to the Sacramento Area
and the District’s reliability needs.

NERC/WECC Reliability Standards

The NERC/WECC Reliability Standards state that transmission system performance
assessments shall be conducted on an annual basis and that future study years and
critical system conditions are studied as deemed appropriate by the responsible entity.

The fundamental purpose of the interconnected transmission system is to move electric
power from areas of generation to areas of customer load. The transmission system
must be planned, designed, constructed, and operated so that it is capable of reliably
performing this function over a wide range of system conditions. The transmission
system must be capable of withstanding both common contingencies and the less
probable extreme contingencies. The transmission system is planned so that it should
be able to operate within thermal, voltage, and stability limits during normal and
emergency conditions.

The NERC Reliability Standards define the measures needed to maintain reliability of
the interconnected bulk electric systems using the following two terms:

Adequacy - The ability of the electric systems to supply the aggregate electrical demand
and energy requirements of their customers at all times, taking into account scheduled
and reasonably expected unscheduled outages of system elements.

Security - The ability of the electric system to withstand a sudden disturbance such as
an electric short circuit or the unanticipated loss of a system element.

The NERC/WECC Reliability Standards for System Adequacy and Security address
these concepts and are summarized in Table A3-1. System performance assessments
shall indicate that the system limits are met for all planned facilities in service (Category
A), loss of a single element (Category B), loss of two or more elements (Category C),
and extreme events resulting in two or more elements removed or cascading out of
service (Category D). Extreme contingencies measure the robustness of the
transmission system and should be reviewed for reliability and evaluated for risks and
consequences.

The ability of the interconnected transmission systems to withstand probable and
extreme contingencies must be determined by both Planning and Operating studies.
Assessments should also include the effects of existing and planned protection
schemes, backup or redundant protection schemes, and control devices to ensure that
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protection systems and control devices are sufficient to meet the system performance
criteria as defined in Categories C and D of Table A3-1. The transmission system must
be capable of meeting Category C and D requirements while accommodating the
planned outage of any bulk electric equipment (including protection systems or their
components) at all demand levels for which planned outages are performed.

Contingencies

Table A3-1: Transmission System Standards - Normal and Emergency Conditions

System Limits or Impacts

System
Stable
Category and both
Thermal and Loss of
T . Voltage Demand or .
Initiating Event(s) and Contingency Element(s) Limitgs Curtailed Cascading
I ) Outages
within Firm
Applicable Transfers
Rating*
A. All Facilities in Service Yes No No
No
Contingencies
Single Line Ground (SLG) or 3Phase (3JFault, with Normal
B. Clearing:
Event resulting 1. Generator Yes No” No
in the loss of a 2. Transmission Circuit
single element 3. Transformer
Loss of an Element without a Fault
Single Pole Block, Normal Clearing®:
4. Single Pole (dc) Line Yes No” No
SLG Fault, with Normal Clearing®:
C 1. Bus Section
Event(s) Yes Planned/ No
resulting in the 2. Breaker(Failure or internal Fault) Controlled®
loss of two or
more multiple SLG or 3@ Fault, with Normal Clearing®, Manual system
elements. Adjustments, followed by another SLG or 3 Fault, with Normal
Clearing®:
3. Category B (B1,B2,B3 or B4) contingency, manual Yes Planned/ No
System adjustments, followed by another Controlled®
Category B (B1,B2,B3, or B4) Contingency
Bipolar Block, with Normal Clearing®:
4. Bipolar (dc) Line Fault (non 39), with Normal Yes Planned/ No
Clearing®: Controlled*
5. Any tow circuits of a Multiple circuit towerline’
SLG Fault, with Delayed Clearing® (stuck breaker or protection
system failure):
6. Generator Yes Planned/ No
7.  Transformer Controlled®
8.  Transmission Circuit
9. Bus Section
D° 3@ Fault, with delayed Clearing® (stuck breaker or protection . May involve substantial loss of
Extreme Event | system failure): customer Demand and generation in
resulting intwo | 1. Generator a widespread area or areas.
or more 2. Transformer . Portions or all of the interconnected
(multiple 3. Transmission Circuit systems may not achieve a new,
elements 4. Bus Section stable operating point.
removed or . Evaluation of these events may
Cascading out require joint studies with
of service. neighboring systems.
3@ Fault, with Normal Clearing®:
5. Breaker (failure or internal Fault).
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Loss of towerline with three or more circuits

All Transmission lines on a common right-of-way

Loss of a substation (one voltage plus transformers)

Loss of switching station (one voltage level plus

transformers)

Loss of all generating units at a station

Loss of a large Load or major Load center

Failure of a fully redundant Special Protection (or

remedial action scheme) to operate when required

8. Operation, partial operation, or misoperation of a fully
redundant Special Protection System (or Remedial
Action Scheme) in a response to an event or abnormal
system condition for which it was not intended to operate

9. Impact of severe power swings or oscillations from

disturbances in another Regional Reliability Organization.

rONPE

No o

a) Applicable rating refers to the applicable Normal and Emergency facility thermal rating or system voltage limit
as determined and consistently applied by the system or facility owner. Applicable Ratings may include
Emergency ratings applicable for short durations as required to permit operating steps necessary to maintain
system control. All Ratings must be established consistent with applicable NERC Reliability Standards
addressing Facility Ratings.

b)  Planned or controlled interruptions of electric supply to radial customers or some local Network customers
connected to or supplied by the Faulted element or by the affected area, may occur in certain areas without
impacting the overall reliability of the interconnected transmission systems. To prepare for the next
contingency, system adjustments are permitted, including curtailments of contracted Firm (non-recallable
reserved) electric power Transfers.

c) Depending on system design and expected system impacts, the controlled interruption of electric supply to
Customers (load shedding), the planned removal from service of certain generators, and/or the curtailment of
contracted Firm (non-callable reserved) electric power Transfers may be necessary to maintain the overall
reliability of the interconnected transmission systems.

d) A number of extreme contingencies that are listed under Category D and judged to be critical by the
transmission planning entity(ies) will be selected for evaluation. It is not expected that all possible outages
under each listed contingency of Category D will be evaluated.

e) Normal clearing is when the protection system operates as designed and the Fault is cleared in the time
normally expected with proper functioning of the installed protection systems. Delayed clearing of a Fault is due
to failure of any protection system component such as a relay, circuit breaker, or current transformer, and not
because of an intentional design delay.

f)  System assessments may exclude these events where multiple circuit towers are used over short distances
(e.g., station entrance, river crossings) in accordance with Regional exemptions criteria.

WECC Disturbance Performance and Reactive margin Criteria

The NERC/WECC Reliability Standards discussed in the previous section do not
specifically address the criteria or study methodology required to ensure reliability for
the more severe contingencies involving transient stability or voltage collapse. As a
result, WECC has developed criteria and a methodology for conducting transient and
voltage stability studies. The WECC criteria and methodology are aligned with the
NERC disturbance categories and specify limits for voltage, frequency, damping, and
real/reactive power margins.

Transient stability analysis is typically performed from the initiation of a disturbance to
approximately 10 seconds after the disturbance. Voltage stability criteria and
real/reactive power margins address the period after transient stability oscillations have
damped out and before manual actions to adjust generation or interchange schedules
can be implemented. This is typically in the period between 10 seconds to 3 minutes
after a disturbance. An area susceptible to voltage collapse can be identified by a
power flow contingency analysis. Cases that exhibit large voltage deviations or fail to
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converge to a solution are typically at or near a voltage unstable operating point. Note
that voltage collapse typically occurs after the VAR capability of the region is depleted.

There are two types of analysis typically conducted to address voltage collapse. These
include Power-Voltage (PV) and Voltage-Reactive Power (QV). Both PV and QV
analysis should be assessed to determine the reactive margin. Either method may be
used for a general voltage stability evaluation, but more detailed studies should
demonstrate adequate voltage stability margin for both PV and QV analysis. Sole
reliance on either PV or QV analysis is not sufficient to assess voltage stability and the
proximity to voltage collapse. The system must be planned and operated to maintain
minimum levels of margin. This margin is required to account for uncertainties in data,
equipment performance, and differences in the transmission network conditions. In
addition, PV and QV analysis can be used to determine the required amounts of
undervoltage load shedding and to address the proper combination of static and
dynamic reactive power support.

PV Analysis

PV analysis is a study technique that relates voltage at a point in the transmission
network to either of the following:

= A load within a defined region, or
= A power transfer across a transmission interface.

The benefit of this methodology is that it provides an indication of the proximity to
voltage collapse throughout a range of load levels or power transfers on an interface
path. With this technique, the load or transmission interface power transfers are
increased and the critical voltage points are recorded at each load level. As the load or
power transfers into a region are increased, the voltage profile of the region will become
lower until an incremental increase in the load or power transfer causes the voltage to
increase rather than decrease. When this occurs, the point of voltage collapse is
reached.

The WECC criteria for performing PV analysis are as following:

= 5.0% below the load or interface path flow at the voltage collapse point on the
PV curve for Category B disturbances (N-1).

= 2.5% below the load or interface path flow at the voltage collapse point on the
PV curve for Category C disturbances (N-2).

QV Analysis
QV analysis is a study technique that relates VAR margin at a point in the transmission
network to the voltage at that point in the network. The benefit of this methodology is

that it provides an indication of the proximity to voltage collapse due to a shortage of
VAR resources at a specific point in the system. With this technique, a fictitious VAR
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device is modeled at a critical point in the transmission system. The voltage of this
device is set to a desired value, and the VAR output required maintaining this voltage is
recorded. As the voltage is decreased, the VAR device must produce more VARS to
maintain the desired voltage. The point of voltage collapse is reached when an
incremental decrease in voltage also causes a decrease in the VAR output of the
device. The output of the VAR device represents the amount of reactive power
deficiency at that point of the system. The VAR deficiency at any point in the system
must be less than the margin determined from the WECC VQ methodology.

The WECC criteria for performing QV analysis are as following:

= The most reactive deficient bus must have adequate reactive power margin for
the most severe Category B disturbance (N-1) to satisfy the following conditions;

e A 5% increase beyond the maximum forecasted load or interface flows.

= A Category C disturbance (N-2) requires a 2.5% increase beyond the maximum
load forecast load or interface flow.
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The District’s transmission system has historically been limited by WECC
reactive margin criteria. To capture the reliability requirements and limits for the
District’s transmission system, an overall System Operating Limit (SOL) is
determined. Both the NERC Reliability Standards and the WECC reactive
margin criteria are applied to determine this SOL.

This section addresses the District’'s overall System Operating Limit (SOL) and
describes the methodology used to assess this limit. An assessment of the SOL
must be conducted annually to ensure that the Bulk Electric System (BES)
reliability requirements are maintained for the ten year planning horizon. The
requirements used to determine an SOL are described in the following standard:

= FAC-010 System Operating Limits Methodology for the Planning
Horizon

Methodology for the Sacramento Area SOL

Since the mid 1990'’s, the potential for voltage collapse has been the main
reliability issue in the Sacramento Area. All of the utilities in the area have
collaborated and contributed to improve this situation. The boundary of the
Sacramento Area was originally defined by minimizing the amount of
undervoltage load shedding required to prevent potential voltage collapse for a
NERC Category C5 contingency. Since that time, many changes have occurred
on the system. However, the basic characteristics of how the system works, and
the boundary of the Sacramento Area has essentially remained the same. The
Sacramento Municipal Utility District and the City of Roseville are the only load
serving entities within this boundary. All of the generation embedded within
these entities as well as the Western Area Power Administration Folsom
generation is also included within the SOL boundary.

The District determines the System Operating Limit (SOL) for each study year in
the ten year planning horizon to ensure reliable planning of the Bulk Electric
System (BES). A methodology has been established to determine the overall
SOL for the Sacramento Area transmission system.

The SOL is determined by the application of the following assessment
assumptions:

= Utilize appropriate power flow cases with a detailed model of the Northern
California transmission system

= Apply 1-in10 Load Forecast load for SMUD, the City of Roseville, and the
surrounding Sacramento Area
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Ensure that Sacramento Area generation does not exceed the maximum
dependable output level and includes appropriate operating reserves

Maintain 200 MW capacity of operating reserves of internal SMUD
generation

Limit Sacramento imports to maintain reliability standards for:

e NERC Category A - System Performance Under Normal Conditions

e NERC Category B - System Performance Following Loss of a Single
BES Element

e NERC Category C - System Performance Following Loss of Two or
More BES Elements

e WECC reactive margin requirements

Apply existing Protection Mitigation Systems or Remedial Action Plans if
necessary

The WECC reactive margin criteria are applied to the most severe Category B
and C contingencies. These contingencies are selected by evaluating the
contingencies with large voltage deviations or those that produce a solution
divergence. PV/QV analysis is conducted to determine the load level at the
voltage collapse point. The LSC is determined by calculating the load level that
includes the applicable reactive margin as defined in the WECC criteria. The
WECC reactive margin criterion is discussed in more detail in Appendix 3.

When evaluating the LSC, system performance should be consistent with the
following for all contingencies:

All facilities are operating within their applicable Post-Contingency
thermal, frequency, and voltage limits

Cascading outages do not occur

Uncontrolled separation of the system does not occur

The system demonstrates transient, dynamic, and voltage stability.

In addition, for NERC Category C or D contingencies, the following also apply:

Depending on system design and expected system impacts, the controlled
interruption of electric supply to customers (load shedding), the planned
removal from service of certain generators, and/or the curtailment of
contracted firm (non-recallable reserved) electric power transfers may be
necessary to maintain the overall security of the interconnected
transmission systems

Interruption of firm transfer, load, or system reconfiguration is permitted
through manual or automatic control or protection actions

67



= To prepare for the next contingency, system adjustments are permitted,
including changes to generation, load, and the transmission system
topology when determining limits.
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