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Purpose: To provide a forum for the for US and ATTU system operators to identify, review,
evaluate and discuss transmission and dispatch system operation standards, practices,
equipment, communications and training programs.

Participants:

Afghanistan

His Excellency, Dr. M.J. Shams; Minister of Economy; Chairman of the Inter-Ministerial Commission for
Energy (ICE); Chairman of the DABS Board of Directors, and Chief Executive Officer (CEO) of Da
Afghanistan Breshna Shirkat (DABS), jpsjams@bluewin.ch

Engineer Nahida Akbari, Manger of Power Plant, Da Afghanistan Breshna Moassessa

Engineer Najmia Amini, Da Afghanistan Breshna Moassessa

Engineer Habibulah Hamdard, K.E.D.

Attaulhag Shams, Conference Interpreter, mirwais atta@yahoo.com

Abdul Rasool, USAID/Afghanistan, rwardak@usaid.gov

Tajikistan

Farrukh Jumaev, Deputy Head of Department of International Economic Relations, Barki Tojik,
Jumaevbarkitojik@bk.ru

Sergey Tkachenko, Deputy Head of Central Dispatch Service, Barki Tojik, Sirojidin@mail.ru

Turkmenistan
Erkin Astanov, Chief of Relay Protection and Automation Service, Turkmenenergo
Kerimkuli Nuryagdyev, Director of the Abadan State Power Station, Turkmenenergo

Uzbekistan

Umar Karimov, CDC “Energy”, Karimov@udc.uz

Bakhtiyor Mukhiddinov, National Dispatch Center

Abasskhon Nimatullayev, Chief of Operation Network Department, Uzbekenergo, sisc@uzpak.uz

United States

Peggy Olds, Manger, Technical Operations, Bonneville Power Administration (BPA), paolds@bpa.gov
Keith Hartley, Principal Operations Engineer, Sacramento Municipal Utility District (SMUD),
Khartle@smud.org

Sharon Hsu. Energy Team, Office of Infrastructure and Engineering, USAID/EGAT, shsu@usaid.gov
Nadja Ruzica, Afghan Desk Officer, USAID/Washington, nruzica@usaid.gov

USEA Coordination:
John Hammond, Program Manager, JHammond@usea.org
Jason Hancock, Senior Program Coordinator, JHancock@usea.org

United States Energy Association

1300 Pennsylvania Avenue, NW

Suite 550, Mailbox 142

Washington, DC 20004

Phone: 202-312-1230, Fax: 202-682-1682

US Energy Association // Energy Partnership Program, 1300 Pennsylvania Avenue, NW Suite 550 Box 142 Washington, DC 20004-3022
Telephone (202) 312-1230; Fax (202) 682-1682; e-mail: JHancock@usea.org; website: http://www.usea.org/
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Hotel and Workshop Venue: Best Western The President Hotel Istanbul
Tiyatro Cd No:25 Beyazit 34126 Istanbul - Turkey
Telephone: (+90 212) 516 69 80
Fax: (+90 212) 516 69 98
e-mail: info@thepresidenthotel.com

MONDAY, JULY 21st
19.00 USEA hosted Welcome Dinner (Hotel Restaurant)

TUESDAY, JULY 22nd
9.00-9.30  OVERVIEW OF WORKSHOP- JOHN HAMMOND, PROGRAM MANAGER, USEA

9.30-11.30 PRESENTATIONS ON TRANSMISSION SYSTEMS IN AFGHANISTAN, TAJIKISTAN,
TURKMENISTAN, UZBEKISTAN AND TURKEY - PRESENTATIONS BY
PARTICIPATING AND DISCUSSION
e Afghanistan
e Tajikistan
e Turkmenistan
e Uzbekistan
e Turkey

11.30-11.45 OVERVIEW OF BONNEVILLE POWER ADMINISTRATION

e Overview of US system
e Overview of WECC
e BPA system overview

0 Geographic location of BPA within US

O General Description

O Unique issues

=  Wind and Water

11.45-12.00 OVERVIEW OF SACRAMENTO MUNICIPAL UTILITY DISTRICT
e Location (in US and in respect to BPA)
e Area— Description of Sacramento valley
e Size — Distribution and Control Area
e Control Area development and changes (History)
e Load description — Variations from Winter to Summer;
e Monitor and Control of various voltage levels
e Unique Features — Geography of the Distribution System and Hydro
Plants
e Energy Sources — Thermal, Hydro, Wind, and Photovoltaic

12.00-13.00 LUNCH

US Energy Association // Energy Partnership Program, 1300 Pennsylvania Avenue, NW Suite 550 Box 142 Washington, DC 20004-3022
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13.00-15.00 POWER SYSTEM OPERATING DESCRIPTIONS
BPA SYSTEM, PEGGY OLDS, MANAGER, TECHNICAL OPERATIONS
SMUD SYSTEM, KEITH HARTLEY, PRINCIPAL SYSTEMS ENGINEER:
e System Description
0 Unique Features of System
0 Seasonal Issues
O Topography
e Operational Description
e Maintenance/Repair Description
e Outage Planning
0 Planned vs. Unplanned
0 California ISO outage coordination
0 NW Power Pool 45 Day Outage Coordination process

15.00-15.20 Tea break

15.20-17.00 OPERATIONAL PLANNING
BPA SYSTEM, PEGGY OLDS, MANAGER, TECHNICAL OPERATIONS:
e Planning Process
e Study Process
e RAS Schemes
e Emergency Operations
0 Load and generation imbalance
O Restoration Practices
0 Emergency Standards

SMUD SYSTEM, KEITH HARTLEY, PRINCIPAL SYSTEMS ENGINEER:
e Planning Process
e Study Process
e RAS Schemes
e Business Side
e Emergency Operations
0 Load and generation are out of balance
O Restoration Practices
0 Emergency Standards

19:00 USEA hosted dinner (location to be determined)

US Energy Association // Energy Partnership Program, 1300 Pennsylvania Avenue, NW Suite 550 Box 142 Washington, DC 20004-3022
Telephone (202) 312-1230; Fax (202) 682-1682; e-mail: JHancock@usea.org; website: http://www.usea.org/
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WEDNESDAY, JULY 23

9.00-10.30

OPERATING REQUIREMENTS
BPA SYSTEM, PEGGY OLDS, MANAGER, TECHNICAL OPERATIONS:

° Organizational structure
° Operations and Controls
. Training and Tools

SMUD SYSTEM, KEITH HARTLEY, PRINCIPAL SYSTEMS ENGINEER:

. Organizational structure
° Operations and Controls
. Training and Tools

10.30-10.50 Tea break

10.50-12.30 Inter-connected Operations and Organizational Requirements

12.30-13.30 Lunch

BPA SYSTEM, PEGGY OLDS, MANAGER, TECHNICAL OPERATIONS:

e Reliability: Standards-FERC,NERC requirements

e Treaty Obligations and other legal issues

e Economic operations: TX rates, marketing, agreements, contracts
e Coordination Issues with other utilities

SMUD SYSTEM, KEITH HARTLEY, PRINCIPAL SYSTEMS ENGINEER:

e Environmental
e Coordination Issues
e Congestion

US Energy Association // Energy Partnership Program, 1300 Pennsylvania Avenue, NW Suite 550 Box 142 Washington, DC 20004-3022
Telephone (202) 312-1230; Fax (202) 682-1682; e-mail: JHancock@usea.org; website: http://www.usea.org/
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13.30-15.30 INTER —AREA COORDINATION
General Coordination
BPA SYSTEM, PEGGY OLDS, MANAGER, TECHNICAL OPERATIONS:
e Types
e Legalissues
e US organizations that manage Inter-regional coordination
e Benefits/Issues

SMUD SYSTEM, KEITH HARTLEY, PRINCIPAL SYSTEMS ENGINEER:
e Managing information exchanges

e Planning

e [Interchanges and inter-ties

e Benefits/Issues

15.30-15.50 Tea break

15.50-17.00 INTER —AREA COORDINATION
Specific Applications and Methods
BPA SYSTEM, PEGGY OLDS, MANAGER, TECHNICAL OPERATIONS:
e WECC example
e NWPP 45 Day Outage coordination process
e Treaty Issues and “One utility Operation” approach
e Hourly Coordination-FCRPS

SMUD SYSTEM, KEITH HARTLEY, PRINCIPAL SYSTEMS ENGINEER:
e Technological solutions
e Financial issues

US Energy Association // Energy Partnership Program, 1300 Pennsylvania Avenue, NW Suite 550 Box 142 Washington, DC 20004-3022
Telephone (202) 312-1230; Fax (202) 682-1682; e-mail: JHancock@usea.org; website: http://www.usea.org/
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THURSDAY, JULY 24

9.00-10.30  SYSTEM OPERATION EXAMPLES
BPA SYSTEM, PEGGY OLDS, MANAGER, TECHNICAL OPERATIONS:
e Wind generation integration issues

SMUD SYSTEM, KEITH HARTLEY, PRINCIPAL SYSTEMS ENGINEER:
e Normal outage incident

10.30-10.50 Tea break

10.50-12.0 SYSTEM OPERATION EXAMPLES (continued)
SMUD SYSTEM, KEITH HARTLEY, PRINCIPAL SYSTEMS ENGINEER
e Fire Control Issues

BPA SYSTEM, PEGGY OLDS, MANAGER, TECHNICAL OPERATIONS
e \Vegetation Management/ 1996 outage

12.00-13.30 Lunch

13.30-15.30 Open for Participant Question and Answer
15.30-15.50 Tea break

15.50-17.00 ROUND TABLE DISCUSSION

e Wrap-up Discussion
e Discussion of Future Activities

19:00 USEA hosted Farewell Dinner
FRIDAY, JULY 25
All Day SITE VISITS (locations to be determined)

US Energy Association // Energy Partnership Program, 1300 Pennsylvania Avenue, NW Suite 550 Box 142 Washington, DC 20004-3022
Telephone (202) 312-1230; Fax (202) 682-1682; e-mail: JHancock@usea.org; website: http://www.usea.org/
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Peggy A. Olds

Manager, Technical Operations,

Transmission Services

Bonneville Power Administration (BPA)

PO Box 491 TOT/Ditt-2 (360)418-2856
Vancouver, WA 98663 paolds@bpa.gov

Professional Profile

2003-Present Manager, Technical Operations, Dittmer Control Center, Bonneville Power Admin.
2000-2003 Project Lead, RTO West, Multi-Utility Regional Transmission Organization, BPA

1996-2000 Team Lead, California Integration Team, Transmission Business Line, BPA

1992-1996 Policy Analyst (various division, Power and Generation Management Business Lines

1981-1992 District Conservationist, Manager, US Dept. of Agriculture, Soil Conservation Service

1976-1981 U.S. Department of Agriculture, Soil Conservation Service

1975

U.S. Department of Agriculture, Forest Service

Accomplishments

1987
1990
1995
1999

Graduate Business Scholar, Portland State University, Portland OR

Federal Employee of the year, Federal Executive Board, Portland OR

Special Act Award, BPA MSS Re-engineering Team

Corporate Acknowledgement, Norwegian Trade Council/Norwegian Utilities Association

Various BPA Quality Step Increases, Special Act, Success Share, Gain Share, Performance Awards

Educational/Professional Training

1976 University of Nebraska-Omaha, Bachelors of Science, BS with honors

1987 Portland State University, Masters in Business Administration, MBA, with honors



mailto:paolds@bpa.gov�

Keith A. Hartley, P.E.
11548 Forty Niner Circle
Gold River, CA 95670
(916) 732-6582 (day)
(916) 861-0811 (evening)

OBJECTIVE: A position supporting generation or power system operations providing technical assistance and
coordination as required through implementation of applications and engineering functions.

CAREER SUMMARY: Twenty seven of years experience with generation construction, generation design engineering,
and utility operations; project management required for operation; design modifications for improvements in safety,
reliability, and efficient operation of generation facilities and the electric system; and providing technical direction and
guidance to project personnel. Ability to provide a unique interface, in a competitive environment, between the
complex requirements of daily electric system operations and generation operations.

EXPERIENCE:

Sacramento Municipal Utility District

January 2001 - Present

Principal Electrical Engineer

Worked in the Operations Engineering area in support of the Operations control room. Principal activities include
assisting and providing required or desired changes to the EMS; on-call requirements; AGC support; and disturbance
and operational support. | was involved in the formation of the SMUD Control Area and two Control Area expansions.

California Independent System Operator (CAISO)

December 1998 — January 2001

Manager — Operational Applications, Operations Systems Department

Under the general direction of the Director of Operations Systems, coordinate the development of new or existing

applications or systems to provide enhancements, benefits, or new functionality to the end users of Grid Operations

and Operations Engineering as well as Operations Systems support personnel.

Responsibilities include:

e  Provide direction to Operational Applications staff by coordinating assignments, providing technical guidance, and
resolving problem situations that lead to the successful completion of projects and tasks.

o Establish goals used for financial strategies in the development of O&M and capital budget details for the
Operational Applications section.

e  Communicate with other business units to maintain an understanding of processes in support of changes to
interconnected systems.

e Understand corporate decisions to provide direction in support of the development of emerging business
strategies.

e Provide specifications for RFIs, RFPs (e.g., EMS Replacement), or bid proposals to implement changes to
development, test and production environments.

October 1997 — December 1998

Senior EMS/SCADA Engineer

Worked and provided direction in a four-member team responsible for the startup activities of the CAISO on the Energy
Management System. Activities included:

e Database implementation;

System and application checkout (AGC, Resource Scheduler, Interchange Scheduler, ICCP, Data Acquisition)
System and database builds;

Functional checkout and implementation of the Backup EMS;

Assisting vendor in troubleshooting network problems;

Writing Operational and EMS contingency procedures;

Preparation of area budget




Resume' - Keith Hartley
PROFESSIONAL EXPERIENCE: (Cont.)

Sacramento Municipal Utility District
October 1982 — October 1997
Principal Electrical Engineer

Energy Operations Department - Operations Management System (OMS) (From November 1988)

Primary responsibilities include:

e  Provide guidance as required to operations dispatchers to resolve system problems and technical issues.

e Building and modifying the Energy Management System (EMS) SCADA databases and operator interfaces to

facilitate field changes and correction of problems.

Coordinate with field crews and dispatchers for generation and substation modification checkout.

Diagnose field equipment, RTU, and system operational problems;

Provide lead technical guidance to electrical engineering positions and hardware technician staff.

Provide engineering support to energy control dispatch staff for effective use of generation facilities.

Provide project management and technical support for the migration of the EMS and the energy scheduling and

accounting applications.

o Develop and maintain the real time sequence (state estimator, external estimator, security analysis, and load
flows).

Other responsibilities include support for the power system supplying the EMS by analyzing and correcting problems,
producing design documentation for system modifications, and assuring proper maintenance for critical support
equipment.

Engineering Department - Generation Engineering (November 1984 to November 1988)

Activities involved:

e Making changes and adding new features to electrical systems at existing generating facilities.
Analysis of plant controls to provide improvements in operation and efficiency.

Providing required changes to drawings for plant modifications.

Writing test procedures.

Procuring materials and equipment.

Coordinating installations.

Also provided bid specifications and technical proposals as well as evaluated bids and vendor submittals. Provided
field direction and coordinated craft personnel and technicians during construction and startup, in order to meet
operational deadlines.

Nuclear Engineering Department - Electrical Design (prior to November 1984)
Project management and electrical design for modifications to the Rancho Seco Nuclear Generating Station to improve
performance, reliability, safety, and to ensure that designs met the latest NRC standards.

BECHTEL POWER CORPORATION
January 1980 - October 1981

Field Engineer

Palo Verde Nuclear Generating Station

Duties included interpretation of drawings, material take-offs, initiating requisitions, and inspecting installations.
Developed as-built drawings and field designs. Documented and corrected any deviations occurring between field
drawings and actual installations.

EDUCATION:

B.S. Electrical Engineering (specialization in Power Systems) — December 1979.
New Mexico State University

Las Cruces, New Mexico
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Definitions

Area Control Error (ACE): The instantaneous difference between net actual and
scheduled interchange, taking into account the effects of frequency bias including a
correction for meter error.

Automatic Generation Control (AGC): A stand-alone subsystem that regulates the power
output of electric generators within a prescribed area in response to changes in system
frequency, tie-line loading, and the relation of these to each other. This maintains the
scheduled system frequency and established interchange with other areas within
predetermined limits.

Balancing Authority: Same as Control Area; new naming convention based on entity
function.

Control Area: The entity responsible for balancing load and generation in real time in its
Balancing Authority area. A Balancing Authority area is an electric system bounded by
interconnection metering and telemetry, which measure the current, voltage, power flow,
and status of transmission equipment.

Distributed Control System (DCS): A computer-based control system where several
sections within the plants have their own processors, linked together to provide both
information dissemination and manufacturing coordination.

Energy Management System (EMS): A computer control system used by electric utility
dispatchers to monitor the real-time performance of various elements of an electric
system and to control generation and transmission facilities.

Inter-Control Center Communications Protocol (ICCP): An international standard for
real-time data communication between the EMS control centers, utilities, power pools,
regional control centers, and non-utility generators. ICCP defines a set of objects and
services for data exchanging.

Independent System Operator (ISO): An entity approved by the Commission -
(a) to exercise operational or functional control of facilities used for the transmission
of electric energy in interstate commerce;
(b) and, to ensure nondiscriminatory access to the facilities.

North American Electric Reliability Council (NERC): A not-for-profit company formed
by the electric utility industry in 1968 to promote the reliability of the electricity supply
in North America. NERC consists of nine Regional Reliability Councils and one
Affiliate, whose members account for virtually all the electricity supplied in the United
States, Canada, and a portion of Baja-California-Norte-Mexico. The members of these
regional councils are from all segments of the electricity supply industry: investor-owned,
federal, rural electric cooperative, state/municipal, and provincial utilities, independent
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power producers, and power marketers. The NERC Regions are: East Central Area
Reliability Coordination Agreement (ECAR); Electric Reliability Council of Texas
(ERCOT); Mid-Atlantic Area Council (MAAC); Mid-America Interconnected Network
(MAIN); Mid-Continent Area Power Pool (MAPP); Northeast Power Coordinating
Council (NPCC); Southeastern Electric Reliability Council (SERC); Southwest Power
Pool (SPP); Western Systems Coordinating Council (WSCC); and Alaskan Systems
Coordination Council (ASCC, Affiliate). NERC has developed the Version 0 reliability
standards. NERC System Data Exchange (NERC SDX): Provides a central repository of
all scheduled and on-going branch, generator, and transformer outages throughout the
Eastern Interconnection. This data is made available to NERC-approved users, who have
agreed to the terms of the NERC Data Confidentiality Agreement.

Remote Telemetry Unit (RTU): A device that collects data at a remote location and
transmits it to a central station. RTUs are commonly used in SCADA systems.

Supervisory Control and Data Acquisition (SCADA): A computer system for gathering
and analyzing real time data. SCADA systems are used to monitor and control a plant or
equipment.

Security Analysis: Use of computer software to analyze system contingencies to ensure
that power can be delivered from generation to load within the operating limits of
transmission equipment and without loss of continuity of supply or widespread failure for
the most likely contingencies.

State Estimator: Computer software package that takes redundant measurements of
quantities related to system state as input and provides an estimate of the system state. It
is used to confirm that the monitored electric power system is operating in a secure state
by simulating the system both at the present time and one step ahead, for a particular
network topology and loading condition. With the use of a state estimator and its
associated contingency analysis software, system operators can review each critical
contingency to determine whether each possible future state is within reliability limits.

Supervisory Control and Data Acquisition (SCADA): A system of remote control and
telemetry used to monitor and control the electric system. SCADA is also used in other
industries, including chemical plants and water treatment facilities.

WECC: Western Systems Coordinating Council (WSCC) was formed with the signing of
the WSCC Agreement on August 14, 1967 by 40 electric power systems. Those “charter
members" represented the electric power systems engaged in bulk power generation
and/or transmission serving all or part of the 14 Western States and British Columbia,
Canada.

The Western Electricity Coordinating Council (WECC) was formed on April 18, 2002,
by the merger of WSCC, Southwest Regional Transmission Association (SWRTA), and
Western Regional Transmission Association (WRTA). The formation of WECC was
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accomplished over a four-year period through the cooperative efforts of WSCC,
SWRTA, WRTA, and other regional organizations in the West. WECC's interconnection-
wide focus is intended to complement current efforts to form Regional Transmission
Organizations (RTO) in various parts of the West.

WECC continues to be responsible for coordinating and promoting electric system
reliability as had been done by WSCC since its formation. In addition to promoting a
reliable electric power system in the Western Interconnection, WECC will support
efficient competitive power markets, assure open and non-discriminatory transmission
access among members, provide a forum for resolving transmission access disputes, and
provide an environment for coordinating the operating and planning activities of its
members as set forth in the WECC Bylaws.

The WECC region encompasses a vast area of nearly 1.8 million square miles. It is the
largest and most diverse of the eight regional councils of the North American Electric
Reliability Council (NERC). WECC's service territory extends from Canada to Mexico. It
includes the provinces of Alberta and British Columbia, the northern portion of Baja
California, Mexico, and all or portions of the 14 western states in between. Transmission
lines span long distances connecting the verdant Pacific Northwest with its abundant
hydroelectric resources to the arid Southwest with its large coal-fired and nuclear
resources. WECC and the nine other regional reliability councils were formed due to
national concern regarding the reliability of the interconnected bulk power systems, the
ability to operate these systems without widespread failures in electric service, and the
need to foster the preservation of reliability through a formal organization.

Due to the vastness and diverse characteristics of the region, WECC's members face
unique challenges in coordinating the day-to-day interconnected system operation and the
long-range planning needed to provide reliable and affordable electric service to more
than 71 million people in WECC's service territory.


http://www.wecc.biz/documents/library/publications/Revised_Bylaws_Clean_10-07-03.pdf�
http://www.nerc.com/�
http://www.nerc.com/�




OVERVIEW OF U.S.
ELECTRICAL SYSTEMS
* & BPA

A General Description of the U.S. Systems
and the
Bonneville Power Administration (BPA)
Transmission System

(NERC)

‘ North American Electric Reliability Council




NERC -- Interconnections

NERC Regions and Control Areas

NERC Statistics
Electrical Bulk Power System

Total People Served: 334 Million
Total Demand: 830 Giga-Watts

Over 530,000 Km of Transmission lines over 230 KV

Total Km (Miles)

= 230 KV AC 270,000 Km
= 345 KV AC 130,000 Km
= 500 KV AC 90,000 Km
= 765KV AC 30,000 Km

= Direct Current (DC) 14,000 Km

(170,000 Miles)
(80,000 Miles)
(55,000 Miles)
(17,000 Miles)
(9,000 Miles)




& Actual System Interconnections

Western Electricity Coordinating
i Council (WECC) and Members




WECC Statistics:
i Member Transmission Systems

= Total Transmission Length, for 115 KV
and above: 118,000 miles or 190,000 km

= Total Annual Energy Demand: 831,570
Giga-Watt-Hours.

= Winter Peak: 128,934 Mega-Watts.
= Summer Peak: 149,147 Mega-Watts.

WECC: Topology and Size

= Covers 3
Nations

s Crosses
Mountains,
Deserts, and
Forests.

= Two Time
Zones.

= Largest
Region in US




WHAT IS BPA?

Bonneville Power Administration

Self-financed, federal
power marketing agency
within the Department
of Energy (DOE)
Markets power at cost
from 31 federal dams
and 1 nuclear plant —
Markets transmission
services — owns 75%
(15,440 miles) of the
high-voltage lines in
Pacific Northwest
Protects, mitigates &
enhances fish & wildlife.
300,000 square mile
service area

$3.3 billion in annual
revenues

i BPA General Information

BPA established 1937
Pacific Northwest population 11,950,509
Transmission line Circuit miles) 15,442
BPA-owned substations 237
Employees (staff years) 2,923

Supplies 35% of power in Northwest
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BPA Organization

= BPA is organized into three business units:

Power Business Services: Approximately 250 employees. BPA
markets the power generated at 31 Federal dams, one non-Federal
nuclear plant at Hanford, Washington, and some non-Federal
power plants, such as wind projects.

Transmission Business Services: Approximately 1,600
employees. BPA owns and operates 75 percent of the Pacific
Northwest'’s high-voltage electric grid. The grid includes more that
15,000 circuit-miles of transmission line and 235 substations. It
carries a peak load of about 30,000 megawatts of electricity and
produces about $700 million a year in transmission revenues.

Corporate: Approximately 1,100 employees. Includes Finance;
Environment, Fish and Wildlife; Energy Efficiency; Customer
Support Services; General Counsel; Planning and Governance; and
Risk Management.

11

BPA: 1930s

The Bonneville Project Act, signed into law, August 1937

BPA’s first Power rate was approximately 2 mills per
kilowatt-hour ( stayed this way for 27 years.)

In 1938, BPA energized its first transmission line, a single
direct current line from Bonneville Dam to Cascade Locks,
3.5 miles away.

In 1938, BPA energized the 238-mile Bonneville-Grand
Coulee line, setting the stage for a high-voltage
transmission grid that would grow to encompass over
15,000 circuit miles and over 8500 corridor miles.

12




BPA: 1940s

BPA rose to new challenges during the war years #’:ﬁ - ﬂ
LA .. hdad i BE et

of 1941 to 1945, delivering more electricity than
all of the other power systems in the region
combined in the preceding 50 years.

By 1945, BPA'’s high voltage transmission system
was the second largest power grid in the nation.
The load shift to support war efforts required many
changes in the construction of lines radiating from
the main grid.

13

BPA: 1950s

BPA developed the nation’s first microwave system for
communicating signals to the relays to trigger equipment
protection devices.

BPA engineers also succeeded in developing a program for
calculating power flows with digital computers, which proved to
be faster, more accurate and more flexible than previous analog
approaches. Many BPA inventions and developments went on to
become standards for the rest of the industry

14




BPA: 1960s

An era of interconnection with other regions began thanks to a historic
treaty with Canada and development of the interties that connect the
Northwest with the Southwest regions of the United States.

These interties, the largest transmission projects ever undertaken in
the United States at the time, were hailed as engineering marvels.
They took advantage of the fact that the Northwest and Southwest
traditionally had different peaking times, winter and summer

respectively, which allowed for the exchange of power and minimized
each region’s need to build resources

15

BPA: 1970s

With a burgeoning Northwest population, it was clear that
hydropower alone could not meet future needs. This led to the
Hydro-Thermal Power Program and the construction of nuclear
power plants, intended to augment federal hydropower with
nonfederal thermal power.

Concerns about an energy shortage and other issues set the
stage for development of the Northwest Power Act.

It was also the decade when BPA began real-time control with
digital computer support for day-to-day system operations

replacing the analog-supported manual system, thus enhancing
operational decisions.

In 1974, BPA became a self-financing agency through the
Columbia River Transmission Act.

16




BPA: 1980s and 1990s

The 1980's passage of the Northwest Power
Act brought new responsibilities to BPA,
particularly in the areas of energy conservation
and fish and wildlife protection.

In this decade, BPA became a national leader
in energy efficiency and changed the image of
conservation from curtailment to one of
preserving all the amenities by using energy
more efficiently.

In the 1990’s wholesale deregulation came to
the electrical energy industry through the
Energy Policy Act and FERC mandates.

For the first time BPA faced competition as
new independent energy marketers attracted
BPA customers with lower prices. BPA
responded with its Competitiveness Project.
The project’s themes were “market driven,
customer focused, cost conscious and results
oriented.”

17

Questions ?
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List of Terms

AGC = Automatic generator Control

aMWh = Average Mega Watt Hour

BA = Balancing Authority

BPA = Bonneville Power Administration

EMS = Energy Management System

FERC = Federal Energy Regulatory Commission
FY = Fiscal Year

GWh = Giga Watt Hour

NERC = North American Electric Reliability Council
NWPP = Northwest Power Pool

OTC = Operational Transfer Capacity

PNW = Pacific Northwest

PP = Power Pool

RAS = Remedial Action Scheme

RTO =Regional Transmission Organization
SCADA= Supervisory Control And Data Acquisition
WECC = Western Electric Coordinating Council
24/7 = 24 Hours a day 7 days a week.

19
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Overview of
Sacramento Municipal Utility
District (SMUD)

Location of SMUD

In north-central California on the west
coast of the US

Entirely within a valley between 2
mountain ranges

Hot and dry in the summer — no rainfall

Cool and wet in the winter — rain in the
valley, snow in the mountains

—8/27/2008



Northern
California

Distribution System Data

Service area population: 1.4 million
Service area (in square miles): 900

Total number of customers: 589,599 (522,228
residential, 67,361 commercial)

Employees: 2,161

Transmission lines (in circuit miles): 473
Distribution lines (in circuit miles) : 9,784

Peak demand: 3,299 megawatts (July 24, 2006)

—8/27/2008



In the beginning...
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Generation

Hydroelectric (hydro)
Gas turbines (GT)
Wind generators
Photovoltaic [picture]
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The completion of Union Valley Reservoir
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Facilities

e SMUD stated with one building; and continued to grow along with
Sacramento -

Facilities Now

» Headquarters (left) and Customer Service
Center




SMUD Control Area

Responsible for balancing load and generation
through entire area and provide reliable
operations

Provide assistance to other entities that are part
of the Control Area

Other Areas — WAPA (Federal water agency)
and MID (Small Local Utility)

Responsibility to Regional and Federal Agencies
for reporting and operations — Western
Electricity Coordinating Council (WECC), North
American Reliability Corporation (NERC), and
Federal Energy Regulatory Commission (FERC)

SMUD Control Area

NW(BPA)

—8/27/2008



SMUD Control Area Organizational
Structure

( SMUD BA ]

[ SMUD System } [ WASN System }

City of Redding City of Roseville
Registrations: Registrations:

Reliability Regulation

* On August 8, 2005, President Bush signed H.R.
6, The Energy Policy Act (EPA) of 2005, into
law.

* The Federal Energy Regulatory Commission
(FERC) enforces The EPA of 2005.

» The law contains provisions that make
compliance with the Reliability Standards
mandatory and enforceable.

—8/27/2008



Western Electricity
Coordinating Council (WECC)

Largest and most diverse of the NERC
regions
35 Balancing Authorities

71 million people in WECC service
territory

~150,000 MW / ~123,000 MW peak
summer/winter load

NERC - 2

—8/27/2008
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2008 Summer Operations
« SMUD Control Area Load:
~4600-4700 MW
« SMUD Load:
~3000-3100 MW
« WAPA Load:
~1600 MW
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Fire Information

* Preliminary Fire Season Outlook:

— Northern California — Expected to be Normal

« Earlier start to the season due to drier than normal March-
April period caused annual grasses to cure earlier than
average

« First half of fire season might be a little windier than average

— Southern California — Expected to be Above Normal
« Greater amount of growth due to early winter rains
» Recent drying trends have allowed annual grasses to dry
rapidly creating flammable materials
* Increased likelihood of greater than normal number of large
fires during May-July period

Weather Information*

* Information from the National Weather Service, April 29, 2008

—8/27/2008
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Reservoir Information

Dry Winter

Snowmelt inflow to SMUD Hydro reservoirs peak at
about May 17, which is slightly earlier than average. The
2008 forecast for water storage 320 TAF (thousand acre
feet) out of a of 380 TAF capacity.

Rainfall in the valley during winter was 57% of average.
After the summer, the Hydros will be operated so that
end of year storage is about 230 TAF. This is being
done to conserve water for use in summer 2009 in the
event of a third dry year.

Questions/Discussion

—8/27/2008
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POWER SYSTEM OPERATING
DESCRIPTION —
BPA Transmission System

A Detailed Look at BPA's
Transmission and Power System
Operations

i System Description: WECC

= ISsues
= Large Area

= Many Different Transmission Operators,
Loads, Power Suppliers, and Distribution
Entities.

= Low Density of lines.

= Loads isolated from generation by large
distances.

= Congestion.

8/27/2008



WECC Loads Surplus

Hydro
and Power

Largest WECC loads are

in California.
Surplus coal power from
the Southwest and the
Great Plains, and surplus

Generation %
!‘ gto,

hydro power from British Idaho Wyoming
Columbia is available to
| lifornia.
SUpp.y Califo 'a_ Nevada Salt Lake City
Intertie transmission to Area
Utah Colorado

California is limited.
Pacific Northwest

generation and loads lie et Surplus
between these surplus Coal
power supplies and Arizons. DY, Ower
California loads. Now Mexico

Montapa
d H . Surpls
- ' Coal
a
® & Power
n

System Description:
BPA Transmission System

® BPA owns and operates 75% of the Pacific
Northwest’s high voltage electrical transmission
system.

® The system includes more than 15,000 miles of
transmission line and more than 200 substations.

® The system networks across 300,000 square miles in
Oregon, Washington, Idaho, Montana and sections of

Wyoming, Nevada, Utah and California.
® The system enables a peak loading of about 30,000

megawatts and generates about $579 million a year

in revenues from transmission services.
® BPA’s Transmission Services operate under an Open

Access Transmission Tariff based on FERC’s pro forma

tariff as a non-jurisdictional entity.

8/27/2008



System Description:

i BPA Transmission System

Number of Miles of Transmission line
1,000 kV (DC Line) 264
500 kV 4,734
345 kv 570
287 kV 227
230 kV 5,300
161 kV 119
138 kV 50
115 kV 3,557
below 115 kV 367
Total 15,190

Unique Features : AC - DC

i Converter

Northern end
of the 846 mile
1 million volt
direct current
power line to
N. Los Angeles

8/27/2008
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i Unique Features : Tower Design

Unique Features:
Wind Generation Integration

= With close to 5000 MW N
of wind potential,
predicting the wind
pattern is of utmost
importance.

= Dark Blue is the Base
point Forecast Method

= Light Blue is the
Persistence Forecast

= Red is the Actual Wind
Gen

30-Tun-08 08:0(H

30-Tun-08 13:0(H
30-Tun-08 18:0(H
30-Tun-08 23:0(H




Seasonal Issues

Spring
= Winter Snow melt
= Fish management

Summer
= Heavy North South Power
flows
= Ever increasing summer
loads
Fall
= Lower Water Conditions
Winter

= BPA’s Load is a Winter
peaking system

= Heavy East West power
flows.

= Wind/Rain storms on the
Coast

= Snow and Ice

9
Seasonal Issues:
-
BPA CONTROL AREA LOAD: AVERAGE BY HOUR OF DAY
2007, FOR SELECTED MONTHS
[ - - 200706 —— 200707 — -200709 —200712 |
9000
BPA is a winter-peaking utility, with two daily peak-load times in the winter, one daily peak-load time in the summer,

5500 and a generally flat peak load time during spring & fall

8000
< WINTER (DEC)
é 7500
8 /
S
< 6500
H 'SUMMER (JUL)
& 6000
z N

N
2 5500 -
< N NN
.
5000 o
[T == N 4
4500 (| —°
4000
1 2 3 4 s 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 2
‘Source: integrated hourly data via rods 242200 Hour of Day (Hour Ending)
10
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i Topography of the BPA Region

= Large geographic
footprint

= Low density of load

= Predominantly
interlinked hydro,with
base-loaded thermal
resources

= Hydro generation
output is controlled by
water storage releases

11

i Topography of the Region

12
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Topography:
i The Columbia River Gorge

13

i Topography: Hells Canyon

14
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i Topography: High Elevation

15

i Topography: High Desert

16
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Topography:
Mountains

+

17

Operational Description:
BPA Power Flows

+

=

w | mmmm—— BPA constrained transmission paths

Washington

Montana
\ "i""' //;;;;;;\\
\ Coal )

Load

Load

TRANSMISSION
\

Idaho
Oregon

California /
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Generation Capability

& Operations Description: Total

Generator & Hydro: 23,790 MW (57.3%)
Sustained Peak Power B Coal: 5,871 MW (14.1%)
Cap aC | ty 0O Combustion Turbines: 5,154 MW
(12.4%)

O Cogeneration: 2,481 MW (6.0%)
B Imports: 1,777 MW (4.3%)

E Nuclear: 1,150 MW (2.8%)

B Non-utility generation: 1,171 MW
(2.8%)

O Other miscellaneous resources: 134
MW (0.3%)

19

Operations Description:
i Dams and Generation

20
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Columbia River
Hydrological Data

Range of project capacity: 1.5 MW at Boise Diversion to 7,000 MW at Grand Coulee

The median age of FCRPS hydro projects is 31 years.

Average runoff is 103 million acre feet (MAF) January through July.

The historical range of January through July runoff is 54 to 156 MAF.

Annual Federal hydro generation ranges from 6,840 average megawatts (aMW) to 10,300

aMW, averaging 8,700 aMW.

"  The system can store 20.5 MAF in the U.S., plus 5 MAF at Libby Dam and 15.5 MAF in
Canada under the Columbia River Treaty, plus 2.25 MAF Non-Treaty Storage in Canada; it
is a storage-limited system.

®  FCRPS storage can hold 25% of the average annual runoff; the Colorado or Missouri
systems can store 400% of their annual runoff.

®  The Columbia River system was developed and is operated for flood control, navigation,
irrigation, municipal and industrial water supply, recreation, fish and wildlife, and power
production.

®  Major drivers of system operations are flood control and Endangered Species Act
operations to protect salmon runs.

®  Generation is largely driven by the need to move water for non-power purposes.

® Individual hydro projects are interdependent, affecting downstream projects.

21

Operations Description:
Hydrological Coordination

There is a high value in coordinated generation operation.

= Hydro-thermal coordination creates firm power and can displace capital
investments.

Parties cannot coordinate simply on short-term price signals.
= Hydro projects are interdependent resources.

= River coordination spans multiple plants and long time periods.
= |Long-term system thinking dominates operational strategy.

Unplanned obligations or supply shortage can disrupt coordination.

= Many non-power constraints affect hydro production.
® Hydro is not necessarily responsive to short-term price or “must run” orders.
= Short-term cost is opportunity cost relative to long-term use.

Hydro-thermal coordination may cause transmission flow issues.
= Base loading coal allows using and recharging hydro storage.
= Requires broad, flexible transmission rights.

22
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Operations Description:

Management Issues

i

= Competing Interests

= BPA

Flood Control

Hydropower

Navigation

Irrigation

Recreation

Fish and Wildlife enhancement

= Transmission and Power Services
= COE

Reservoir Control Center

23

Operations Description:
Columbia River Basin

i

24
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Operations Description:
i Constrained Paths - 1994

25

Operations Description:
i Constrained Paths - 2008

) /4
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Hypothetical Case:

Operations Description:
System Operating Limits
X-Cascades North

er (POR).__ Il
. |
¢ North of
Hanford

200 MW Custer to Raver §J
John Day 42
MW
v LoMo
, Paul ¢ 22 MW flow
I\?W Paul-Allston across sub-grid North of
i John Day
While Paul-Allston can 42Allston Y
accommodate 52 MW, flow
is restricted by limits at MW Allston-Keeler
Allston-Keeler therefore 7 O McNary
only 42 MW flows through I- Keeler
5 corridor. * Portland
John Day (POD)
=== Flowgate O SubstationorArea | \"00

27

Maintenance Issues:
Terrain and Weather

28

8/27/2008
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Mechanical Issues

i

29

Maintenance Issues:
Vandalism

i

30
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Outage Process:
i Three Types of Outages

1. Construction outages

= Project energization important

May often be contract work and scheduled prior
to outage requests

= Often requires multiple outages
2. Maintenance outages
= Older system requires more maintenance

3. Emergency Repair
= Failures or imminent failures

31

Outage Process: Why Outage
Coordination is Important

= Planned outages - taken when they create the
least impact on the transmission system
= Historically we look at transmission loading and try to
take outages when loading is lower to minimize risks
= Spring and Fall are the usually the preferred months
to take outages

= Outages that require work outside --
= summer is best time for work conditions
= often the worst time due to higher transmission loading

= higher temperatures - increased A/C & irrigation load and
reduced thermal capacity of equipment

32
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Outage Process: Why Outage
Coordination is Important
(continued)

+

= Combine work that can be done in one outage
instead of multiple outages

= e.g.. Line maintenance combined with line PCB
maintenance

= Caution: clearance boundaries, clearance holders

= Adequate study time to make sure outages do not
create a reliability problem
= An outage in Montana may not seem like it would have an
impact in Washington but the transmission system responds
to changes in impedances that may not be geographically
close in distance
= Adequate notice of transfer capability impacts
created by an outage so the market has time to
respond 33

MA/DD nracacc ic hwn wwaalke nrinr tn anitana wwaoal

Outage Process:
Northwest Power Pool Outage Planning

= Long Term

= Coordinates outages up to a year in
advance.

= Short Term: 45 day process

= Provides adequate time for studies,
coordination to minimize impacts, and
market notification.

= Affects ALL Significant EqQuipment
= Deadline for Outage Requests

34
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Outage Process: NWPP 45 day
Outage Planning Process

45 days
30 days
"7 15 days —|
Submittal Revised ETSTC
Deadline for all Capacit _
Behose e
utages submitted ’
Initial Capacity outages poste

Estimates
Posted

Receive outage
plans / requests

Public Comments
Received, Outages .
Coordinated, Capacity
Estimates Revised

35
Outage Process:
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Questions ???

+

37
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SMUD POWER SYSTEM
OPERATING DESCRIPTION

Overview

+

= System Description
= Operational Description
= Maintenance and Repair

= Outage Planning
= Transmission System
= Generation




SMUD System

+

= Distribution System:

= Service area in km? (miles?): 2331 km2 (900
miles?)

= Total number of customers: 589,599 (522,228
residential, 67,361 commercial)

= Transmission lines: 761km (473 miles)

= Distribution lines: 15746 km (9,784 miles)

= Number of breakers: 145 (> 69kv)

= Generation: 1659 MW (1006 Thermal, 653 Hydro)

SMUD Control Area

+

SMUD Control Area — Includes SMUD + WASN

= WAPA Sierra Nevada (WASN):
= Service to an additional 650,000
= Power to the area north of SMUD

= Controls generation serviced by US Bureau of
Reclamation (USBR)

= Transmission lines: 1423 km (884 miles)
= Distribution lines: None
= Generation: 32 units; 2125 MW (all hydro)




SMUD Control Area

= CA Functions:

Reliability Reporting
Interchange Scheduling

Balancing Services (Load following, AGC,
Operating Reserves, Operating Reserve
Requirements, etc.)

Transfer Limit Adjustments
Import Limitations
Constraint Mitigation

OASIS Administration (Transmission line capacity
market)

i SMUD Control Area Customer Loads

= SMUD (~3,300 MW)
= WASN (and Federal entities) — (—~1,650 MW)

USBR (—80 MW - Pump load)

Modesto Irrigation District - MID (=700 MW)
Roseville (—345 MW)

Redding (—245 MW)

Shasta Lake (—31 MW)




Current SMUD BA

4

NW(BPA)

CISO

rrrrrr







s T WASN
Transmission

J— L
CDWR 220 kV
FCEE 500 kY
FCRE 230KV
PGRE 115 KV
——— SMUDz K
—— WAPAS0OKY
—— WAPA 2 RV
WABA GRS KV
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Seasonal Problems

= Winter
= Storm damage
= Customer outages
= Lower loads
= Summer
= High temperatures: + 40° C
= Highest loads
= Fires under transmission lines

12













Finally the storm
is over!!

19

i Diverse Topology

= Valley
= Sacramento
= Customer load
= Thermal and Wind generation
= Transmission lines — 12 kV to 500 kV

= Mountains
= Hydro generation
= Transmission lines — 69kV and 230 kV

20
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Operational Description

Control Room Operations

= SMUD has 4 desks — Scheduling, Transmission,
Generation/Gas, and Shift Senior

= Scheduling — checks out all scheduling issues — new,
changed, curtailed; approves all e-tags

= Transmission — monitors activity on all major lines in the
Control Area; electronic systems provide assistance to
determine limit violations through warning and alarms

= Generation/Gas — determines generation and reserve
requirements based on the next hours schedules; remotely
starts units (Hydros) or calls Plant Operators (Thermals) as
required to meet expected changes in Schedule and Load
demands; operates gas system to thermal plants

27

28
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Operational Description

Control Room Operations
= Shift Senior has over-view of all positions and checks, monitors,
and answers questions; this position contacts other entities as
needed
= Procedures: used (and required) for most control room
activities; typically this is backup for training and not referenced
on a daily basis
= WECC and NERC policy also determines decisions; Policy books
are available in the control room
= Operator Independence: WECC and NERC require a document
that gives authority to the Operators to take whatever action is
required to maintain grid reliability. This document is signed by
the General Manager and hangs on the wall. Authority to drop
customer load if needed without prior approval.

29

30

15



i Operational Description

EMS and SCADA

= EMS functions include:

= SCADA

= AGC — Automatic Generation Control
Reserve Monitor
Load Shed
Capacitor Control
Alarm Processing; Sequence of Events
Energy Accounting

31

i Operational Description

EMS and SCADA

= External Applications:

= ICCP: Inter Control-center Communication
Protocol - Standard protocol for data exchange

= Historical Data Storage: SMUD uses the Pl system
from OSI

= Interchange Scheduling — SMUD contracts with
OATI in Minneapolis for scheduling services

32
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& Operational Description

Generation operation

= Hydro generation is operated via SCADA from the
Control Center

= Generation can be manually or automatically
operated:
= Auto is through AGC;
= Manual control - Through the EMS for the Hydros and
Phone call to the Operator at the Thermal Plants

= SMUD owns hydro generation (~650 MW)

33

& Operational Description

Generation

B Hydro
& Thermal

O Solar

34
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i Operational Description

Transmission operation
= Operates 115 and 230 kV system
= Switching performed from Control Center

= Monitor the 500 kV system; WAPA is
responsible for all switching activities,
coordinating through SMUD

39

Northern
California

i Electric
Grid

40
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Northern
California
Electric
Grid

41

& Maintenance and Repair

= Cost

= Distribution Department does all work

42
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SMUD Managers timing periodic
maintenance items

43

Maintenance Costs

Proposed O&M Budget for 2009

WBS 2008 Budget Proposed 2009 Variance Comments
E/TM/O/CL Corrective Maintenance Trans Line $425,156 $457,148 $31,992
E/TM/O/CS/CME Corrective Maintenance- Expected $5,825 $17,819 $11,994
E/TM/O/CS/ICMU Corrective Maintenance- UnExpected $291,266 $363,950 $72,684
E/TM/O/PL Preventive Maintenance Trans Line $548,143 $631,555 $83,412
E/TM/O/PS/CDM Preventive Maintenance - Condition Directed Maint $1,119,224 $908,312 ($210,912),
E/TM/O/PS/CMT Preventi - Condition Tasks $1,695,143 $1,987,186 $292,043
E/TM/O/CN Preventive Maintenance - Network (underground line) $252,360 $73,534 (8178,826)
E/TM/O/PN Preventive Maintenance - Network (underground line) $265,328 $476,745 $211,417
E/TM/OTT Trim Trees Trans Lines/ Substation $538,024 $545,325 $7,301
Increase to accommodate NERC testing
and upgrade to Modify the UARP Relay
communications from Microwave to
E/TO/O/OT Operate Transmission Substation $398,131 $1,220,000 $821,869 |Fiber.
E/TO/O/PT/1 Plan Transmission Operations $1,373,329 $1,373,329 $0 |Lets talk about this number...
E/TOIOIPTI2 o Hedge) Bus Confi Study $108,844 $100,000 (8,844)
E/TOIOIPT/5 Pocket (formally Elverta) Sub Bus Config Upgrade Study $107,552 $100,000 ($7,552)
Total: $7,128,325 $8,254,903 $1,126,578

44
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SMUD Distribution

+

= Distribution Operator
= Operates 69 kV, 21 kV, 12 kV, 4 kV
= All lower voltage switching
= Distribution system monitoring
= Outage restoration

= Emergency response (downed lines, car-pole
accidents)

= Storm response (storm damage, poles down, trees
blown into lines)

45
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i Outage Planning

= Planned outages through the
Transmission Outage Application (TOA)
= Major outages require power system study
= Unplanned
= Higher cost
= Greater system disturbance

49

:_L Outage Planning

= Transmission Outage Application (TOA)
communicates automatically with the
California 1SO to update their outage
information

= Generation outages are also sent to the
Regional Reliability Coordinator (Part of
WECC)

50
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Questions/Discussion

51
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SMUD OPERATIONAL PLANNING

Overview

Planning Process

Study Process — seasonal
Remedial Action Schemes
Business Applications
Emergency Operations




Planning
i (System and Long Term)

System Pre-Schedulers
= Forecast loads for pre-schedule

= Arranges for procurement of energy (internal and
external) and operating reserves

= Abides by import limitations for SMUD as provided
by Power Operations Engineering

= Load forecasting tools assist to accurately

determine Load for different time frames — next
week, next day, next hour, within hour

Planning
i (System and Long Term)

= Long term planning
= Future infrastructure requirements
= Based on studies in future years
= Based on load growth
= Budget planning




+

Infrastructure

= New generation

= Wind

= Combustion Turbine / Co-gen
= Generator maintenance

= Other improvements

+

New gas pipeline
installation




Transformer at a new plant installation







Wind Turbine construction at the existing Solano Wind
Farm

11
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Study Process

= Seasonal

= Summer:
= Highest loads
= Largest MW imports
= High probability of fires tripping lines
= Studies
= Determine maximum import capability
= Contingency studies for system weakness
= Determine solutions for contingency events
= Line loading problems

16




i Study Process

= Seasonal

= Winter:

« Lowest loads

= Minimal MW imports

= Storm damage creates system problems
= Studies

= Contingency studies for system weakness (long
line damage, tripping)

= Determine solutions for contingency events

17

:_L RAS

= Resolve line loading problems

» Safeguard during high load conditions
when import limits are reached — Direct
load tripping if a contingency develops

18
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+

Business Aspects

= Processes bring business changes:

= Financing requirements — Bonds, Low
interest loans, rate increases

= Infrastructure Projects are high cost —
require Board approval, special financing,
shared financing (Federal, other utilities,
formation of entities — Transmission
Agency of Northern California)

20
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Emergency Operations

+

Operations

= Typically during high load conditions
= Possible load shed

= Low media visibility (unless load

shedding is required)

= Emergency drill is conducted yearly with

various departments that are affected

21

Emergency Operations

Interconnected Operations Issues

Schedules for all power deliveries — imports and
exports (Electronic tags or “e-Tags”)

Generation and load balanced to remain “on
Schedule”

“Off Schedule” results in +/- ACE; negative = under-
generating; positive = over-generating

All entities within WECC must assist for under-
frequency conditions — frequency bias

Emergency assistance typically from adjacent
utility/Control Area

22
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Emergency Operations

Load and Generation — out of balance
= Causes:

Problems with AGC
Generator not responding to AGC
Scheduling problem
System disturbance

Inadequate reserves (not enough generation —
spin and quick start)

= Minimum results:

Inadvertent energy across ties

23
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Emergency Operations
Load and Generation — out of balance
= Maximum consequences:
= RAS operations
= Imports overload lines
= Low frequency
= System blackout (worst case)
= Controlled by:
= Maintaining adequate reserves
= Request energy assistance from adjacent area
= Cutting export schedules
= Shedding load
26
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Emergency Operations

+

Restoration - System Blackout

= Reliability Coordinator (WECC) directs
operations

= Black start procedures used

= Black start generators are equipped with
standby generators to provide plant power

= Local grid is restored until the system is
able to be paralleled with an adjacent
system

28
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+

Emergency Operations

Standards

= WECC and NERC standards govern all
emergency operations

= Localized problems result in a required report
within a specified time

= Widespread problem is investigated by a
team selected by NERC and a report is then
issued; conclusions result in changes to
standards and audits

29

Questions/Discussion
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* BPA OPERATIONAL PLANNING

A brief overview of
BPA Operational Planning

i System Operations and Planning

Planning process

Operations Study Process
Remedial Action Schemes (RAS)
Emergency Operations
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Transmission Planning

Develop Plans of Service for Expansion, Modifications and
Replacements to BPA’'s Transmission System & Equipment to:
Provide Reliable Load Service

Integrate New Generation/Lines and Loads

Accommodate Transmission Requests

Maintain Desired Transfers/Intertie Ratings

Relieve Congested Paths

Improve Operability and Maintainability

Provide Technical Expertise in Power System Analysis and
Knowledge of BPA’'s Main Grid

Support WECC/NERC Subcommittees/Workgroups
Provide Engineering Support to Account Executives
Coordinate Research & Development Projects for Planning

Planning: Overall Process

Project Mgmt.
Environment
L=

QPlanning p—)' Estimating | |Project Mgmt. )—)' Design )—){ Construction

N~
Funding Review Supply Chain
Regions.

PLAN ‘ DESIGN ‘ BUILD




i Planning: Methodology

Run detailed studies for the feasible alternatives
= Investigate the scope of the problem

= Run Sensitivity Studies for the problem area to
determine the worst season and pattern (for
generation, transfers, etc.)

= ldentify the date the project is needed for
operational use from the detailed studies

» Evaluate the technical performance of each
alternative and how well they fit in with the long-
range transmission plan for the area

i Planning: Risk & Business Case

= What Risks are associated with the project?
= What are the Probabilities and Consequences?

= In Planning, a detailed Risk Assessment is
completed, prior to issuing the final design, for
alternatives with costs above a threshold consistent
with Agency guidelines.

= Planning provides input to the development of
Business Cases. This is an Agency requirement and
includes both cost and risk analysis components.

= BPA also uses an Agency Decision Framework
(ADF) for complex, politically-sensitive projects.

8/27/2008



Planning: Types of Projects

+

Main Grid Reinforcement (500 kV & 345 kV)

= Area Service Reinforcement (230 kV & 115 kV)
= Customer Service (115 & 69 kV system)

Generation / Line & Load Interconnection Requests
Point-to-Point Transmission Requests

Interties (COI, PDCI, NW-Canada)

Congested Paths (e.g. NJD, WOM, SOA)

Reactive Additions (Capacitors, Reactors)

Remedial Action Schemes (RAS)

Technology Innovation (TI) Projects

Equipment Replacement (e.g. breakers, capacitors)

7

Planning: Overall Process

Project Mgmt
Environment

Realty

|UU

L1

Planning p—)' Estimating | |Pr01ect Mgmt. )—)' Design )—){ Construction

Funding Review Supply Chain

Regions.

Operations

PLAN ‘ DESIGN ‘ BUILD
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Operating Studies at BPA

+

= System Operating Studies

= Offline
= Powerflow (Thermal and Voltage)
= Voltage Stability (PV, VQ)
= Transient Stability

= Online
= State Estimator
= Contingency Analysis

= Operating Criteria
= Modeling Issues

Studies: Offline

+

= Vendors
= GE, PowerWorld

= Purpose

= To determine the boundary of reliable
operation

= Meet Regional Operating Criteria
= Set System Operating Limits (SOLSs)

10

8/27/2008



Studies: Operating Limits

= How is the WECC criteria used to

determine system Operating Limits?

= Each criteria has a level of margin
associated with it.
= Transient : Voltage Dip

= Reactive : Power Test

= Thermal : 30 minute rating

11

Studies: WECC Operating
Criteria

NERC and WECC Category Definition Transient Voltage Minimum Transient Post Transient
Categories Dip Standard Frequency Standard | Voltage Deviation
Standard

A No Contingency (All | Nothing in addition to NERC
facilities in service)

B Event resulting in Not to exceed 25% Not below 59.6 Hz Not to exceed 5%
the loss of a single at load busses or for 6 cycles or more | at any bus
element. 30% at non-load at a load bus.

busses.

Not to exceed 20%
for more than 20
cycles at load
busses

C An event resulting Not to exceed 30% Not below 59.0 Hz Not to exceed 10%
in the loss of at any bus. for 6 cycles or more | at any bus
multiple elements at a load bus.

Not to exceed 20%
for more than 40
cycles at load
busses

D Extreme Event Nothing in addition to NERC
resulting in the
cascading loss of
multiple elements

12
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+

Studies: Typical Operating
Nomogram

Falimahia Iniactinm Massasrans far tha

13

Studies: Finding the Boundaries

= What methods are used to find the boundary
of stability?
= PV / QV / Transient / Thermal

= WECC criteria is used to translate the stability
boundary into the region of operation.

= How can we determine the boundary?

= Evaluate and quantify how the system responds to
changes.

= Begin with a representation of operating
conditions, and stress the system by introducing
stressful conditions in a series of tests.

14
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Studies: Result of a Contingency

Post-Contingency
Operating Point

b Stable

System

e Operating
Point

Post-Contingency
Operating Point

15

Studies: Finding the Boundaries

Study
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Stable |
» ——°® Operating System? !

Study\\ Point /l
Point  \ /
N . 7/
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Unstable T _————
System? 16

Study

Point °
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Studies: Defining the Operating
$ Region

........
.....

Region of Operation K

@ Operating

.........

Post-Contingency
Operating Point

Unstable System

17
i Studies: PV Method
Pre-Contingency Case
Voltage /
) / 7

Post-Contingency Case

System Load or

Interface Flow Margin

Real Power
18
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Studies: Transient
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Studies: Modeling Issues

+

= Load Modeling

= Motor loads
= Generator Modeling

= Governor / plant response
= Level of Detalil

= More detail does not always result in a
better model

20
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Remedial Action Scheme (RAS)

= Equivalent Meanings

= RAS = Remedial Action Scheme (WECC)

= SPS = Special Protection Scheme (NERC)

= SIPS = System Integrity Protection Scheme (IEEE)
= Text Book Definition

= Fast Automatic Control Scheme designed to mitigate a power system
disturbance.

= BPA’'s Remedial Action Schemes are designed to relieve 3 types of
power system problems.
= Thermal
= Voltage Stability
= Transient Stability
= A typical RAS composition Inputs
= Controller
= Outputs
= Monitoring

21

RAS: Inputs

= Inputs are received
from:
= Line Loss Logic
= Generation Loss
Logic
= Power Rate Relays
= Other RAS

22
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RAS: Inputs

+

= Inputs are received
at Dittmer and
Munro Control
Centers. The
control centers are
located over 250
miles apart.

23

RAS: Controller

+

= Programmable Logic
Controller
= Triple Redundant
= Fault Tolerant
= Parallel Systems

= No single points of
failure

24
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+

RAS: Outputs

= Generation Dropping — AC RAS
= Canadian (Shrum, Mica, Revelstoke)

= Federal Plants (Grand Coulee, Chief Joe,
etc)

= COI Capacity owners (Mid Columbia Plants)

= Combustion turbines (Goldendale Energy
Center, Coyote Springs 2, Calpine)

= Wind (Leaning Juniper, Klondike 1V, Biglow
Canyon, White Creek, etc)

25

RAS: Other Outputs

+

= Chief Joseph Brake (1400 MW Braking
resistor)

= Reactive Switching

= Load Tripping
= DSI's
= PSE Light Industrial/Residential Load

= Intertie Separation

26
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i RAS: BPA RAS Dispatcher

= RAS
Dispatcher at
Dittmer
Control
Center.

= This desk is
staffed
24/365.

27

i Why do we have RAS?

= To Increase Path Capacity (MW-$)
without putting more wire in the air.

28
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RAS: Where would BPA
exports be without them?

Path RAS Available No RAS
(MW) (MW)

California- 4800 500

Oregon-

Intertie

(N-S)

HVDC 3100 1300

(N-S)

Northern 2000 500

Intertie (S-N)

29

Emergency Operations:

30

8/27/2008
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Emergency Operations:
i BPA Unique Role

= The Bonneville Power Administration (BPA) occupies
a unique position within the Northwest Power Pool
(NWPP).

= Due to its extensive involvement in the operation of
the 500 kV bulk transmission grid and Federally-
owned generating resources (primarily located in
Washington, Oregon, Idaho, and Montana), it is an
absolute necessity that BPA assume responsibility for
the initial restoration of a base power grid in the
event a major blackout occurs in the geographic area
of the northwest.

31

Emergency Operations:
i Balancing Authority

= Before any system switching or service restoration
efforts can begin the following states need to be
known.
= System Status
= Generation
= Transmission Grid
= ldentify Cause of Disturbance

32
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Emergency Operations: BA
i Duties During Restoration

= Internal Stabilization

= Only after assessment has been made and
reliability can be assured, the Balancing Authority
may connect or tie to other Balancing Authority
Areas upon PNSC approval.

= Tie to Neighbor System

= The Balancing Authority shall comply with PNSC
directives unless such actions would violate safety,
equipment, regulatory, or statutory requirements.

33

Emergency Operations:
Black Start Part A

B SYSTEM ASSESSMENT
= Consult status
= with Reliability Coordinator
= with Neighbor Utilities
= Establish plan of action
B BUILD GENERATION-LOAD ISLANDS
= Clear dead busses
= Separate from other utilities
= Restart Generation
= Charge base grid transmission
= Restore base system loads

34
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Emergency Operations:
Black Start Part B

H BUILD A BASE TRANSMISSION GRID
= Synchronize generation-load islands

B RESTORE/SYNCHRONIZE MAJOR TIES
= With concurrence of the Reliability Coordinator

B RESTORE and SYNCHRONIZE NW UTILITIES TO BASE TRANSMISSION
GRID

= With concurrence of the Reliability Coordinator

B RESTORE ASSOCIATED SYSTEM LOADS
= Coordinate LOAD PICKUP

35

Questions?

36

8/27/2008
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SMUD OPERATING
REQUIREMENTS

Overview

= Organization

= WECC / SMUD - SMUD is 1 of the 5 Control Areas within the
California Reliability Area

= SMUD - System Operations and Reliability, Distribution
Services
= Operations and Control
= EMS / SCADA
= Operators
= Distribution System
= Line and Substation maintenance
= Distribution System monitor and control

= Training and Tools




:L SMUD within WECC

i System Operations and Reliability




i Operations Organization and Description

= Power Operations Engineering — Supports PSO
through system studies, assisting with daily
operational issues, provide reports internally and
externally

= System Protection and Control — Provide all relay
settings; install, maintain, and replace substation and
line relays; trip and malfunction reports

= Power System Assessments (Planning) — Long term
planning of the transmission system;
recommendations to Management on new
infrastructure requirements




i Operations Organization and Description

Continued:

= Operations Management Systems (EMS) — Operate
and maintain the EMS and peripheral software
applications

= Power System Operations (PSO) — Operate the EMS
to control and monitor the transmission grid,
generation, and scheduled power transactions

i Operations Organization and Description

Distribution Services

= Distribution System Operators (DSO) - Operates 69
kV, 21 kV, 12 kV, 4 kV

= Separate from Power System Operators

= Line maintenance and repair is managed by
Distribution Services and directed by PSO




i Operations Organization and Description

Distribution Services
= Switching below 69kV
= Distribution outage restoration

= Emergency response (storms, auto
accidents)

= Metering

i Operations Organization and Description

Distribution Services

= Distribution Operators - use the same EMS as Power
system Operators; direct field crews for problems

= Troubleshooters — directed by DSO; on-call 7X24 to
check on dist system problems; will repair minor
problems

= Lineman — directed by DSO to repair “large”
problems (lines down, poles down); substation and
line maintenance / repair; new construction

= Service Desk - receive outage calls; direct initial
response to Troubleshooters with problem/location

10



















i Maintenance Costs

Proposed O&M Budget for 2009

WBS 2008 Budget Proposed 2009 Variance Comments
E/TM/O/CL Corrective Maintenance Trans Line $425,156 $457,148 $31,992
E/TM/O/CS/CME Corrective Maintenance- Expected $5,825 $17,819 $11,994
E/TM/O/CS/ICMU Corrective Maintenance- UnExpected $291,266 $363,950 $72,684
E/TM/O/PL Preventive Maintenance Trans Line $548,143 $631,555 $83,412
E/TM/O/PS/CDM Preventive Maintenance - Condition Directed Maint $1,119,224 $908,312 ($210,912),
E/TM/O/PS/CMT Preventi - Condition Tasks $1,695,143 $1,987,186 $292,043
E/TM/O/CN Preventive Maintenance - Network (underground line) $252,360 $73,534 (8178,826)
E/TM/O/PN Preventive Maintenance - Network (underground line) $265,328 $476,745 $211,417
E/TM/OTT Trim Trees Trans Lines/ Substation $538,024 $545,325 $7,301
Increase to accommodate NERC testing
and upgrade to Modify the UARP Relay
communications from Microwave to
E/TO/O/OT Operate Transmission Substation $398,131 $1,220,000 $821,869 |Fiber.
E/TO/O/PT/1 Plan Transmission Operations $1,373,329 $1,373,329 $0 |Lets talk about this number...
E/TOIOIPTI2 o Hedge) Bus Confi Study $108,844 $100,000 (8,844)
E/TOIOIPT/5 Pocket (formally Elverta) Sub Bus Config Upgrade Study $107,552 $100,000 ($7,552)
Total: $7,128,325 $8,254,903 $1,126,578

22
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EMS and SCADA

s EMS functions include:

= SCADA; AGC; Reserve Monitor; Energy Accounting; Alarm
Processing; Sequence of Events; Load Shed; and Capacitor

Control

Both Primary and Backup systems are dual / redundant
Primary and Backup systems are continuously synchronized
EMS network is separate from SMUD general network
Access is limited to “as-needed” basis

EMS data is provided to other areas through the PI system
(OSI - Qil Systems Industries is the supplier of the system)

23
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Training and Tools

Train new operators
On-the-Job training
Provide training classes to existing

Operators to maintain WECC and NERC
Certification

= Maintain training records of all
Operators

26
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Standard PER-0034 — Operating Personned Tralning
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Standard PER-002-0 — Operating Personnel Tradning

0. Compliance

1.
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] raming program every
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. Compliance Monitoring Respomsibiliy
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i Training and Tools

= Operator Training Simulator: same as the
EMS - one-lines, controls, alarms, changes to
system changes power flows

= EMS - Siemens Spectrum 3.X
= Current Version 3.9
= Primary and Backup systems

= The primary system and control room is located at
the main SMUD campus

= The Backup system and control room is located
40km from the primary

= RTU communications are also duplicated
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Questions/Discussion
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* BPA Operating Requirements

A Focus on Organization and
People

i Operations Overview

= Organizational structure
= Operations and Control

= Training and Tools




Organizational Design

BPA is organized into three business units:

Power Business Services: Approximately 250 employees. BPA markets the power
generated at 31 Federal dams, one non-Federal nuclear plant at Hanford, Washington,
and some non-Federal power plants, such as wind projects.

Transmission Business Services: Approximately 1,600 employees. BPA owns and
operates 75 percent of the Pacific Northwest’s high-voltage electric grid. The grid
includes more that 15,000 circuit-miles of transmission line and 235 substations. It
carries a peak load of about 30,000 megawatts of electricity and produces about $700
million a year in transmission revenues.

Corporate: Approximately 1,100 employees. Includes Finance; Environment, Fish
and Wildlife; Energy Efficiency; Customer Support Services; General Counsel;
Planning and Governance; and Risk Management.

Organizational Design:
Organizational Chart
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Organizational Design:
Transmission Org. Chart

Vickie VanZandt - T

Larry Bekkedahl - TE Senior Vice President Cathy Ehli - TS
Vice President Transmission Services Vice President
Engineering and Technical Transmission Marketing
Services & Sales

Robin Furrer - TE Brian Silverstein — TP

Vice President Vice President

Transmission Field Planning & Asset
Services Management Hardev Juj - TO

John Quinata - TG Manager

Manager Bonneville Power Administration  system operations

Asset Performance

Transmission Executive Team

Operations: Transmission
Dispatch & Scheduling

= System Operations Dispatch — (NERC Certified
System Operators)
= 14 Senior Dispatchers — Shift supervisors
= 10 Generation Dispatchers — Balancing Authority (BA)
= 26 System Dispatchers

= Dispatcher Training — 1 Training Coordinator / 3 full-time
Dispatch trainers

= Outage Offices — 2 Senior Outage; 4 Outage Dispatchers
= Transmission Scheduling

= 6 Real-time Lead Schedulers
= 20 Real-time Duty Schedulers
= 4 Pre-Schedulers
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Operations: System Dispatch

= Dittmer Dispatch
= Five consoles manned 24/7
= Senior Dispatcher — shift supervisor
= Generation Dispatcher — AGC
= Generations Dispatcher — RAS
= System Dispatcher — West Main Grid
= System Dispatcher — East Main Grid

8 hour shifts — five person rotation / five week — built in relief
week for training

All shift dispatchers (including Outage office) NERC Certified
System Operators

= Non-certified employees
= Compliance/Governance Specialist
= Interchange (numbers) clerk
= Dispatch clerical staff

Manager Dittmer Dispatch — NERC certified system operator
reliability

Operations: System
Dispatch-Transmission

The System Dispatcher performs duties in accordance with established
system dispatching procedures, policies of the Administration, government
regulations, and the Bonneville Power Administration (BPA) safety rules.

Operate the BPA power System in a safe reliable manner
Responsible for maintaining voltage schedules
Responsible for maintaining reactive reserve margins

Control switching and Clearance procedures for all high voltage switching on
BPA system

Directs real-time actions during normal, planned, and emergency conditions
Adheres to all NERC/WECC Reliability standards

Monitors alarms via SCADA/EMS and responds appropriately
Curtailing/dropping load when needed.

Authority to trip generation or interconnections to maintain the reliability of
the BPA or WECC Interconnected system

Authority to resolve unexpected or ongoing BPA transmission situations
and/or to keep system operations within reliable operating limits

8/27/2008



Operations: System
Dispatch — Generation

Generation Dispatchers monitor, operate, and coordinate the
loading of Federal generation plants in the Pacific Northwest and the
power interchange with interconnected utilities; monitor restricted
transmission paths; monitor nomograms and set up the remedial
action schemes as necessary to maintain a secure and reliable
transmission system. The Generation Dispatcher performs duties in
accordance with established system dispatching procedures, policies
of the Administration, government regulations, and the Bonneville
Power Administration (BPA) safety rules.

Generation Dispatcher function is divided into two consoles
= AGC control
= RAS console

Operations: Automatic
Generation Control (AGC)

Operates Automatic Generation Control (AGC) computer systems, which
control loading of Federal generation plants.
Follows scheduled generation patterns and interchange schedules,
except as necessary to do the following:
= Adjusts tie-line interchange schedules when required by BPA or an
interconnected utility.
= Responds to emergency requests for operating reserves.
= Takes appropriate action for emergency outages of generating units
at Federal generation plants and informs PBL.
. Provigies for the emergency power requirements of customers when
possible.
= Authorizes power purchases from available sources to meet BPA’s
load requirements in emergencies.
= Any other action necessary to maintain the security or reliability of
the power system. This includes, but is not limited to, the loss of a
facility, unscheduled flow, abnormal voltage responses, etc.

10

8/27/2008



Operations: AGC
Control Continued

In cooperation with dispatchers of other utilities,
incorporates their systems into BPA’s Control Area.

Approves removal from service of generating units at
Federal generation plants.

Monitors and maintains adequate operating reserves
(both spinning and non-spinning) in conformance
with BPA and other specified requirements.

Maintains necessary records, calculates Inadvertent
Interchange and Regulating Margin, and determines
accuracy of telemetered quantities each hour.

11

Operations:
RAS Console

Monitors various transmission lines and paths for loading and
other conditions which require Remedial Action schemes (RAS)
to be armed or disarmed, and takes appropriate action.
Monitors various transmission lines and paths and responds as
necessary to keep flows below, or restore flows to be below, the
Operational Transfer Capability (OTC).

Monitors the transmission system and establishes new OTCs as
system conditions require.

Monitors and coordinates removal of telemetering, and control
and RAS circuits from the AGC computer system to ensure
continuity of operation. Notifies appropriate maintenance
personnel if repairs are needed.

Monitors/Implements WECCnet messaging system

12
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Operations:
RAS Console

13

Operations:
Senior Dispatcher

Senior System Dispatchers are in charge and direct the work of all
dispatching personnel on shift with them.

Senior System Dispatchers are operational representatives of the
Bonneville Power Administration and exercise broad discretionary
powers in maintaining the safety, reliability, efficiency and integrity
of the large interconnected transmission system.

The Senior System Dispatcher is responsible for operating and
controlling that part of the Bonneville Transmission System
assigned by the Vice President of Transmission Services. This
includes real-time operation of Federal generation and that part of
the transmission system assigned to the control center
(Dittmer/Munro), coordinating BPA system operation with
interconnected utilities and ensuring compliance with applicable
national and regional reliability criteria.

14
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Operations:
Senior Dispatcher

= The Senior is responsible for the safe, efficient and reliable operation and
control of BPA's 1000kv HVDC, 500kv HVAC Main Grid transmission system
including all associated power system equipment, 345kv, 230kv and below
Sub Grid transmission system including all associated power system
equipment, relaying and remedial action schemes.

= If necessary, the Senior System Dispatcher can assume jurisdiction of the
entire BPA power system to provide limited AGC and complete transmission
facilities backup in the event of failure at either of the BPA control centers.

= The Senior System Dispatcher has the responsibility to comply with NERC
Standards and during emergency conditions has the authority to take or
direct timely and appropriate real-time actions, up to and including
shedding of firm load to prevent or alleviate Operating Security Limit
violations. Authority for such actions is delegated from the Vice President
for Transmission Services.

= The Senior System Dispatcher will be a key player in the coordination of
restoration of the WECC Grid in the event of a major disturbance.

15

Tools: Energy Management Tools

= Energy Management Tools

= Mapboard
= System Overview
= Big picture view of switching, etc.

= Supervisory Control & Data Acquisition (SCADA)
= Real-time data (analog MW, kV, etc., and alarms)

= Data Archiving Tool (PI)
=« Summary Information
= Trending

16
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Tools:
i Dittmer Dispatch Floor

17

Tools:

i PI

18
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Dispatcher Training at Bonneville
* Power Administration

19

Training:
i Dispatch Training Facility

20

8/27/2008
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Training:
What do we use it for?

+

Restoration

Emergency Operations
Local Area Problems
Voltage Collapse

= AGC training

= Timely Operation Issues

21

Training:
Instructors

+

= Operate the
simulator
= Pause, Replay

= Monitor trainee
progress

= Give feedback to
trainees

= Role Playing

= Add unexpected
events 22

8/27/2008
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* Training: Trainees

= Same tools they use
real-time
= SCADA displays

= AVTEC
Communications

= Console
configuration

= Dynamic Mapboard

23

Training: EPRI OTS
* connects to BPA tools

24

12



Training: BPA Training
Facility Objectives

s Realistic Environment

= Same tools and displays
= SCADA
= State Estimator / Contingency Analysis
= Historical Data / Stripcharts
= RAS

= Communications
= Training Tools capable of illustrating concepts

= Voltage Collapse

= Restoration

= Detailed Model

= System Dynamics / WECC wide behavior

25

Training:
Training Experience

+

= Regular BPA session training
= Each dispatcher provided 3 days of training, twice
a year
= 60 dispatchers split between 2 control centers
= Each session typically runs 10-12 weeks.
= Individual Training
= New hires
= New Procedures

= Training Exercises

= Emphasize communication, coordination, and an
applied understanding of system theory
26
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Training:
Typical Training Session

= Tuesday
= Lectures on AGC, NERC/WECC policy, RAS
= Blackstart Restoration Simulation

= Wednesday

= Lectures on Voltage Control, Load Shedding (Automatic and
Manual)

= Local Area Problem Simulation
= Manual Load Shedding Simulation
= Thursday
= Lectures on Intertie Issues, Recent Disturbance Review
= Workshop on Using PI tools
= Disturbance Simulation

27

Training:
Creating a Training Session

Idea (scenario)

Identify Learning Objectives

What is the best way to make sure trainees
meet the objectives?

= Integrate with Lecture

= Student Participation

= Discussion

People

= Communication is vital for realism. Role playing is
essential.

28
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Questions?

+

29
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+

SMUD

INTER-CONNECTED OPERATIONS
AND ORGANIZATIONAL
REQUIREMENTS

i Overview

= Environmental Issues

= Coordination

= Emergency Standards
= Prudent Utility Practices
= WECC and NERC standards
= Procedures
= System Restoration
= Procedures and Training

= Congestion




i Environmental

= Sacramento Air Quality Board

= Limitations on emissions from thermal power
plants (total output)

= Pollution offsets required for new thermal
generators
= Hydro re-licensing

= Hydro plants built on Federal land under 50 year
lease (license) agreement

= New operating license in final phases of
negotiation

i Environmental

= New construction
= Environmental impact Report (EIR)
= Public meetings
= Board approval
= Emergency generators
= Facilities
= Constrained by air quality issues
= License to test for limited hours each year




Coordination

Standards based

= Prudent Utility Practices
= “‘cCommon sense” operating practices
= keep the lights ON
= WECC
= over 1100 pages of standards
= covered in 13 sections
= Can be viewed on internet —-www.wecc.biz

= WECC funds “Reliability Coordinators” throughout
region (electric grid police and fire department)

:_L Coordination

= NERC
= Standards — at a higher level; applicable to
all North American interconnected entities
= WECC standards are written for “local”
conditions; variations in operating
conditions north to south, east to west
= WECC maintains “Reliability
Coordinators” for it's Region




i WECC and NERC (again)

i Coordination

= Procedures Coordinate Operations
= Based on WECC and NERC standards

= Required documentation on all aspects of
system operation

= Most important - Emergency Operations
(Black start) and Grid Reliability (Load-Gen
balance, Reserves)

= Inter-operation procedures provided to
adjacent entity
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i Coordination

Restoration
= Distribution

= local outages affecting a single utility

= Storm related (lightning, wind, flooding)
= Extreme

= Cascading event

= Wide area outage (NE blackout affected US
and Canada - Aug 14, 2003)

11

:_L Coordination

= Blackout
= Black start procedures
= Generation capable of self-starting
= Procedures in place
= Training on procedures

= Assistance

= Adjacent areas may be able to provide assistance for local
problems

= Contracts typically established that define the terms

= Reliability Coordinators will direct emergency operations for
widespread grid problems

12




i Congestion

= Congestion Model operated by
California Independent System Operator
(CAISO)

= Controls electric prices in California
= Managed by all Control Areas

= BPA, SMUD and CAISO manage the
north-south path between Oregon and
California

13

Questions/Discussion

14
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BPA Inter-Connected
Operations and Organizational
* Requirements

i Topics

Reliability: Standards and Organizations
= NERC
= FERC
= WECC
= NWPP

Treaties
Hydro Coordination Issues
Economic Operations
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ctrical Reliability Corporation (NERC)

$ Reliability: North American

. “NERC’s mission is to improve the reliability and
security of the bulk power system in the United
States, Canada and part of Mexico. The organization
aims to do that not only by enforcing compliance
with mandatory Reliability Standards, but also by
acting as a “force for good” -- a catalyst for positive
change whose role includes shedding light on system
weaknesses, helping industry participants operate
and plan to the highest possible level, and
communicating Examples of Excellence throughout
the industry. “NERC

Reliability:
i What is NERC?

= Formed by regional reliability councils in 1968 in
response to the 1965 Northeast U.S. blackout

= A self-regulatory organization relying on
reciprocity & mutual self-interest

= Involves all entities whose operations affect the
bulk power system

= Mission: to ensure that the North American bulk
power system is reliable, adequate & secure
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Reliability:
i What Does NERC Do?

= Sets reliability standards for bulk power system
= Monitors & assesses compliance with standards
= Provides education & training resources

= Conducts reliability assessments

= Analyzes disturbances

= Facilitates information exchange & coordination
= Supports reliable system operation & planning
= Certifies reliability organizations & personnel

= Coordinates physical & cyber security

= Administers conflict resolution procedures

Reliability:
i US Electrical System Regions




Reliability:
i Relationship Between Entities

The North American
Electric Reliability Organization

Canada United States Mexico
Provinces Federal Energy Comision Reguladora
National Energy Board Regulatory Commission de Fnergia

| Electric Reliability Organization ‘

|

| Bulk Power System Owners, Operators and Users

Reliability:
i Regional Reliability Standards

= Regions may develop regional standards
subject to defined criteria (next slide)

= All enforceable reliability standards must be
approved by the Electric Reliability
Organization (ERO) and FERC

= Regions may use ERO procedure to develop
regional standards

= Regions may use their own ERO-approved
standards development procedure

8/27/2008



Reliability:
Regional Standards Criteria

Standards proposals from Interconnection-wide regions (e.g.,
WECC and ERCOT) get rebuttable presumption at ERO that they
meet the “just & reasonable” test

ERO reviews for:

Fair and open process

No adverse impacts on other Interconnections

No threat to public health, safety, welfare, or national security
No undue impact on competition

Other regions have burden of proof to show:

Just and reasonable

Justifiable difference, e.g., arising from different electrical
system (physical) characteristics

Goal: greater consistency across North America

Reliability:
Penalties and Sanctions

Violation Violator Size Violation Severity Level
: &
Risk Time Horizon | Lower | Moderate] High Severe
Factor Limits
Base Penalty $1,000 $3,000 $6,000 $10,000 Statutory limit:
Lower $1,000,000 per day
Lower $1,000 $1,000 $1,500 $2,000
Upper $2,000 $6,000 $12,000 $20,000
Base Penalty $5,000 $15,000 $25,000 $40,000 . .
. Non-financial
Medium Lower $2,000 | $3,000 |  $5,000 $8,000 | sanctions allowed
Upper $10,000 $30,000 $50,000 $80,000
Base Penalty $35,000 $50,000 $70,000 $100,000 Penalty funds may
High be used to offset
Lower $7,000 | $10,000 | $14,000 $20,000 | following
Upper $70,000 | $100,000 | $140,000 | $200,000 | years assessment

Other factors (aggravating and mitigating) for consideration:
Repeat infractions

Prior warnings

Deliberate violations

Self-reporting and self-correction

Quality of entity compliance program

Overall performance 10
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Reliability:

NERC Reliability Blocks

11
Reliability:
NERC Balancing
Table 1 — Overview of Resource and Demand Balancing IOS Objectives
10S Reliability Objective
Normal operating state Post-contingency
Follow minute-to-minute
REGULATION differences between resources
and demand.
Loap FOLLOWING Follow resource and demand
imbalances occurring within a
scheduling period.
FREQUENCY RESPONSE” Arrest deviation from
scheduled frequency.
SPINNING Restore resource and
CONTINGFNCY demand balance, usually
after a contingency.
RESERVES SUPFLEMENTAL Restore resource and
demand balance after a
contingency
12
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Reliability:
NERC Deployment

DePLOYMENT Period
Continuous Seconds Minutes Hours

REGULATION
LoaD FOLLOWING

Post Contingency
FREQUENCY RESFONSE |
CONTINGENCY RESERVE - _’
SPINNING

CONHINGENCY RiSERVE - =’

NON-SPINNING

Demand, MW

REGULATION

0:00:00 0:15:00 0-30:00 0:45:00 1:00:00
Time

Reliability:
FERC -- Federal Energy
Regulatory Commission

= FERC is responsible for:

= Regulating the interstate transmission of natural
gas, oil, and electricity.

= Regulating the wholesale sale of electricity
(individual states regulate retail sales).

= Licensing and inspecting hydroelectric projects.

= Approving the construction of interstate natural
gas pipelines, storage facilities, and Liquefied
Natural Gas (LNG) terminals.

= Monitoring and Investigating Energy Markets.

14
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Reliability: FERC

DEPARTMENT OF ENERGY

15

Treaty Issues: LBJ & Pearson at
the Peace Arch on 16 September
1964

16
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Columbia River Treaty

i Treaty Issues:

= On September 16, 1964 U.S. President Lyndon
Johnson and Canadian Prime Minister Lester Pearson
met at the Peace Arch in Blaine, Washington (U.S.A)
to proclaim and sign the Columbia River treaty.

= The treaty and a series of international agreements
set the stage for west coast wide electric energy
generation and flood control.

= Negotiations led to land mark agreements that
delivered the Canadian share of the power from
Canada (Canadian entitlement) to the Pacific
Northwest area, for 30 years.

17

gl

Treaty Issues: Columbia River
Treaty

= President Lyndon Johnson:

“ This system is also the proof of the
power of cooperation and unity. You
have proved that if we turn away from
division, if we just ignore dissention
and distrust, there is no limit to our
achievement.”

18
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Economic Operations

= BPA sets separate transmission and power
rates.

= Rates are based on the “cost” of operating
the BPA transmission and power system.

= Rates for “surplus” power, when available,
are marked based.

= Power and transmission capacity sold in a
product mix
= Long/short term
= Firm/non-firm

19

Economic Operations

+

= Transmission rates: Network Point to Point
based.

= BPA “markets” transmission on a transparent
web-interface system called “OASIS”

= BPA sells surplus power thru a trading floor.

= Legally-binding contracts are developed for:

= Integrating new generations (interconnection
agreements)

= Serving new loads.
= Providing transmission services

20
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$ Economic: Business Operations

= How does BPA Load Area compare?
= Who are BPA’'s Customers?
= Where does the income come from?

= How effective is BPA at delivering
affordable power?

= Maintenance Costs
= Efficiency goals and results.

21

Economic: Comparison of

i Load Size
Mexico - CFE

Summer: 2,773
Winter: 2,100 NWPP-Canada
15,469 Summer: 16,132
A i Winter: 20,233
California
Summer: 56,981

280,018

245,817
136,889

AZ, NM & S. NV
Summer: 29,585 gul\rﬂrlr?é 10,846
Winter: 20,194 Winter: 9,835

Annual GWh with Summer & Winter Peaks

Winter: 42,547

NWPP-US
Summer: 36,683

Winter: 43,038

22
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Economic:
BPA Customers

e Publicly Owned Utilities - Bonneville’s principal customer base consist of Northwest regional public
utilities and municipalities, plus cooperatives; referred to as “preference customers” because they are
entitled to a statutory preference and priority in the purchase of available Federal power. Preference
customers are eligible to purchase power at Bonneville’s PF rate for most of their loads.

e Investor Owned Utilities - consists of six regional I0U’s that Bonneville provides firm power to
under contracts other than long-term firm requirements power sales contracts. Bonneville also sells
substantial peaking capacity to these regional I0U’s. Recently Bonneville has entered into agreements
with these utilities in settlement of Bonneville’s statutory obligation to provide benefits under the
Residential Exchange Program, for specified periods beginning 10/1/2001.

e Direct Service Industries - primarily consists of aluminum smelters (95%) plus some other
industries. Under the Northwest Power Act, Bonneville signed long-term contracts with the DSI’s in
1981- these contracts expired in 2001. Since 2001, Bonneville has had varying contractual
relationships with the DSI’s; currently Bonneville serves some DSl load.

e Customers Outside the Northwest — consists of public and investor owned utilities in the
Southwest and California. Bonneville sells and exchanges power via the Intertie to these customers.
These sales and exchanges are composed of firm power and non-firm energy surplus to Bonneville’s
regional requirements.

23

Economic:
Revenues by Customer Group

FY 2006 Revenues by Customer Group * 2 O O 6

3 Public Utilities

[=RelY

oosis

3 Sales outside NW

19%

B Wheeling and other
sales

14%

1. Publicly Owned Utilities ($1,712M) 4. Sales outside the Northwest ($692M)
Northwest Regional Municipalities, Public Utility Public and investor owned utilities in the
Districts Southwest and California
And Cooperatives 5.. Wheeling and other sales ($654M)

2. Investor- Owned Utilities ($503M)
Includes PGE, Puget, Pacificorp, and other
smaller IOU’s
3. Direct Service Industries ($80M)
Aluminum Smelters
Chemical, Paper, and other metal industries

24
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Economic: Ranking of Average Retall
Electricity Rates

(rates shown in cents per kilowatt-hour) &
MA
{/—'l 145
NY. -~
15.04
NI S ME
13.15
wss 2
NV - FL
X 10.2
LA
83 85 10
MS .
2] M |7 797
6.7
KY
5.76

2007 %

Economic:
i Maintenance Costs

System Replacements Average
2008-2009

(S in Millions)

Non Electric Plant

Emergency Frnds, 50, 7% rp oo sy s

Aircraft Replacement, $7.0,
10%

Transmission Line
Replacements, $5.1,7%
Tools and Equipment, $6.5

10%

Waad Pole Renlarements

System Protection
Spacer Damper Replacements,
Replacements, $7.6, 11% $97,15%

Suhstation Replacements,
$9.7. 14% Total=568.2M

26

8/27/2008

13



Economic:
Maintenance Costs

Upgrades & Additions
Average
FY2008-2009

(3 in Millions)

CC Syseers, $3.4, 13% Total = S41.0M
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Economic: PNW Energy
Efficiency Achievements
1978 — 2006

7,000

6,000

@ 5,0007
=1

H
g 4,000
3
=
& 3,000
g

H
< 2,0007

1,000

O ==
1978 1982 1986 1990 1994 199

EBPA and Utility Programs @ Alliance Programs 0O State Codes BFederal Standards HTotal

Since 1978 Utility & BPA Programs,
Energy Codes & Federal Efficiency
Standards Have Produced Nearly

3,300 aMW of Savings. 28
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Coordination: The Need for
Coordination in the PNW

+

Agreements - Columbia River Treaty, PNCA, MCHC
Coordination creates certainty for a variable resource (like
hydro), maximizes generation output of limited fuel, and
helps “shape” resources to meet load.

Provides participants with protection from changes to
anticipated upstream storage releases.

Columbia River Treaty (with Canada) assumes that PNW
resources are coordinated.

29

Coordination: Pacific Northwest
Coordination Agreement

+

= Enables the optimized operation of the US
projects to meet both power and nonpower
River demands

= 17 party agreement, signed in 1964
= Took 8 years to renegotiate (1997)

= 29% of Treaty returns come from the
non-Federal owners of the Mid-C projects

30
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Coordination: Hourly
& Coordination Problem

Rock Island

Dworshak

OREGON Brownles

1 cubic meter per second = 35.31 cubic feet par second

16






SMUD

INTER-AREA COORDINATION:

GENERAL

Overview

Information Exchange

Proprietary data

Operating information
Communication methods
Non-disclosure agreements

Planning (Power)
Interchange Schedules and Inter-ties

Scheduling — e-tag, contract with OATI
Coordinated schedules — approved tags

Homljrly schedule checkout — before hour, after hour, spreadsheet
too

ACE issues
Problems — Inadvertent flows, System stability

Benefits and Issues




Information Exchange

= Proprietary data
= Data is typically proprietary since the start of de-regulated markets
= Agreements for data sharing

= Operating information

= Certain data must be exchanged in order to operate effectively —
tie points, line flows, breaker positions

= Events affecting other Control Areas
= Communication methods

= Usually ICCP

= Phone - land line; cell phone backup; satellite phone

= WECC-net: computer based messaging system through WECC
= Non-disclosure agreements

= Contract stating data obtained will not be sent to another entity

Information Exchange - other methods




i Planning

= Load forecasting
= EMS — next 10 minutes
= hourly, next day, next week, yearly peak prediction
= Forecast tools — software, weather
= same day — load average of days with same temperature
= time of year — date based
= equivalent load — based on load forecast
= SMUD has contracts with 3 different weather forecasters
= Power Flow analysis

= Analysis of the electric system for varying extreme conditions of
load, temperature and outages

= Contingency Analysis

= Network application for real-time analysis of possible events based
on the current condition of the electric system

Interchange Schedules and Inter-ties

Key Issues Affecting Operations

= Area Control Error — ACE [= Scheduled interchange MW — Actual
Interchange MW]

Voltage / Frequency [maintain 230kv / 60Hz]
Grid Reliability

WECC and NERC Policy (Reliability)
Customers

Load / Weather

Outages — Planned, Forced

System limitations — Imports, Generation

Coordinated Operations — Adjacent Control Areas, Power Contracts,
Power Schedules

Grid Control — EMS / SCADA, equipment malfunction
= Infrastructure damage due to storms, theft, etc




Interchange Schedules and Inter-ties

Interconnected Operations

= Schedules for all power deliveries — imports and
exports (Electronic tags or “e-Tags”)

= Generation and load balanced to remain “on

Schedule”

= “Off Schedule” results in +/- ACE; negative = under-
generating; positive = over-generating

= All entities within WECC must assist for under-
frequency conditions — frequency bias

= Emergency assistance typically from adjacent

utility/Control Area

Standard BAL-001-0 — Real Power Balancing Control Perfomance

A, Introduction
Lo Thke Mosl Pawer Ralsselng Contral Porformance
L Numlber.  HAL-001-D

L Purpow. To mamntan Inferconmection steady-stale requensy within defined hanits by
balaacing real power denand and supply in real-time.

4 Applicabilicy:
A, Balasing Asiics
S EffetiveDabes  Apoil 1, 2008

B. Requirements
R
ancetion’s Frequency Frrer is less thaa
it Ths it 556 0 4 targelid Frequieiiey boiasd
ulaeedd for cach Interonnmection that is re  set s nevessary by the
ornmmitcr
" “F,
AVG,._, i — | 1
The equaticn for AC
ACE = (N1, - Nls) (™
where:
 Nlyis the algebeaic sum of achual fows on alltie lines
Nl is the alpecbraic suim of sehoduled s on all tie lines.
o I ixihe Frequency Hixs Seming iMW/0.1 Ha) for the Halancing Awhariy, The
constam faetor 1 convents the [requency setting 1o MW Tz
« Fyis the actual frequen
*  Fyisthe sche
Moms (NI, -‘n||lh.h‘|\ J
s e should noesally be
RL 1 ogerate sach that its sverape ACE for o least % of clock
. dl;rnfru-d-\.plh‘u-.lun\.u. 7 s wi
specific limit
AVGy o (ATE,}

Sdoptad by NERC Board of Trumtess: ety 8, 2005 1818
Efteciive Cote: Aprl 1

Standard BAL-001-0 — Real Powes Balancing Conlred Performance

whire:
L1 636w —TOHH- 108}
derived From the targetod Froguerscy bound. 1 is the lanpetod rostmeansquare
performance aver a
nan
" Authority
as in the respective Ib ion, For cimg A rv Areas with variable bias, this
16 gl o the s of the mi:
(58 Crverlap Regulation Service shall evaluae Requirersent
et B2 {i.e., Cantrel
the combined ACE 2
combined Froquency Bias Seltings.
Re. Ay Ralancing Authoity receiving n..rl,pk aticn Service shall nat have its cortrol
perl ol performaes pasgedtive, the Balaing Authorily
s st al el u..uue-r,.q.h 2 the Bakancing Authority providing Overlap Regulation
Servicel
C. Measures
MU Each Babincing Authority shall achieve, 2 a minimun, Requirement | (CPS|) compliance of
|
CPS1 iscalculated by converting a compliance ratio 1o a complissce percentage as follows:
CPE1 = (2-CF)* 100%
The frequency-related all oneminule omglisace
parameters accuswia frequency bound:
oF
where: &, is defined in Requirement 1
The rating indes CF s derived from 12 montkes of data. The basic it of data
nd Frequency [tias Setlings.
Wk mm -
Frampimg o m ok -
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Standard BAL-001-0 — Real Power Balancing Contral Parfomances

Standard BAL-001-0 — Real Power Balancing Control Performance

The Halaneing Autoriny's clock-minute complianee Baetar (UF) hecomes:

ICE |
“ar
TR e

oF,

pree——

Normally, sivty {60} elock-minute averspes of the reposing Talancing Awhority's ACT: and of
e revpective Inlercenmoction's Froquency Lror will be used bo compae e respective hourly
average compliance parameter.

F clock-hour average-month) as well as the fespeclive suriber of
twnty-four {34} houre (one for eaeh clock-bour, | ¢, hour-endieg (11}
240,

D L[S N————

or =
ER——
D e bt ]
PSP, | S —
“ ey

[ )
o L g s e

The | Z-month compliasce factor becomes:

In oreker b ensure Wl the average ACE xuiil TORRTIEY Ik-ulu'uﬂlm'ldlrd for any oni-
mimne that 3t leagt 0%
Ptk AL, 3nd Frequency Deviation qu\l.-&.lurm.g |Im.vneﬂ||nu|euwul b present
'\Iu'uH IW\L‘IIINHIMI“I‘II“I in the recording of AUE of Fregueney Dy iation shie I\"I.w ol
mpuler resullina
Son, ofumplcmfkﬂh ACE and Frequency Devistion, that one-mime wrerval shall h.
encludad [rom lhe aladation of CPS1.
Each Halaecing Authoriy shall ackseve, 35 3 minimum, Requi
. CPS2 relabes 1o a bound on the len-minute mverage of ACH
cabeulated as follows:

ol

.

ent B2 (CPS2) compliance of
A compliance percentage is

v
[ ol Periods__,

dvans__,
Uranailabl: Periods__,

CRSIe 1

Adested by NERC Bosrd of Trustess: Febiruary 8. 280
ve Diste: Aprd 1, 2

The violations per month are a count of the mumber of periods that ACE clock-ten-minutes
exceoded Ly, ACE chockoendmimetes is the sam of valil ACE samples within a docken-
minule period diveded by the massber of valid samples.

Violation diock-ter-minutes.

il
" ACE f
e
(R —
1if
Nk
b
Mot 1

Fach Halincing Awthosity I nursber of violations and unavailable period
Tor the month. Lo is defined in Requirament B2,

Sioe CPS2 requires that ACE be versged over a discrete lime period. the same factors that
lireét t0tal periceds per reonth wil lirsh vielations per moath. The calcalation of tosal periods
per month and vielations per month, therefore, mis be disossed poinly.

A condition may arise whick may impact the mormal calealation of |.\uJ Drlmh per month and
vicdations per mwath. Tt 1 sushin ACE

s crder to ensure than he average ACE calculased for any ten-minute iseralis represcrtative
ol i ten-mimuic imerval, it i mocessary that @ least balf the AT diia mamples sfe present
fioe thatinterval. Sthoudd half of sore of the ACE data be unavailable dic b loss of
elewneteriig of computer uisailabikivy, Mt tea-minute interval shall be crmitied from e
calculasion of CPE2
D. Compilance
1. Compliance Monkoring Procen
1. Complisnce Mosiboring Responsability
Regional Relishility Organization.

LL Complisnce Monitoring Period and Reset Timeframe
e calendar month
1A Data Belenfion

supports the calenl: FOPSL and CFs2
Yo b retained it lestranic foem o a1 least & one-year perice. 1F e C1
iata for 2 Halascing Authority Ares are undergoing 3 review (o address  question that
s b raisd segaraling the data, the dlta are lo be saved beyond the ol retertin
pericad uatil the questicn i fommaly resolved. Each Belancing Autberity shall retain for 3
rolling | 2-month pesiced the valies of: anc-mitae sverage ACE
sverage Frequency Eror, and, if using varahle hiss, onc munuuu\«.\g—:l‘r\qumr_\- Hias.

14 Additienal Complismcr Informatien
None.
L Leveh of Non-Complinnce - CPS1
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Standard BAL-00240 — Disturbancs Control Performanca

Introcuction
1. Tisle: Nisturbance Controd Performance
L Numberi DAL
L Purpose

The purpose of the Digurnance Contmol mmml (1) b 10 emre the Halancing Autharity
isable o ubiliog ils Contingency Reser, souroes and dermnd and retum
Taserconnectica frequency \Anhln\l-fllmnlmmi.\llnmlw 3 Repanable Digurbance, Recasse
peneralor flures s 1ar s comman than sigmifieant 1sses of load and heeuse
Centingmcy Rescrve activation docs ot typically apply 1o the ko of koad. the applicalion of
DS i limited b0 the loss of supply and dees oot apply lo e loss of load.
£ Applkcablliey:
41 Balncing ’u!n(lho
AL Resrve Shari
Standsed 002 11 '
.cu])l.llnlll[r\-ii!gﬂua tioms

34 Aullseril

v vl the A
ina Reserve i

Shaieg Grop.b

FEN

5 Effective Date: Apail | 2005

B.  FRequirements
RI. Each Balmcing Authosty shall have access 1oandor operate Contisgency Resene 1o respond
Disturbances. Contingency Reserye may be spplied fom genetation. comrollbie load
resaurces, or coonlinaed adisments 10 laerchange Schedules

RLL A Rslinang Authealy may elect s il Tl B Contingency Reserve cblsgatsons by
panicipating 3 a mereber of & Reserve Shating Growg. In such cases, e Resenve
Sharing Group shall buve the same responsibilitics and obligations as cach Balaacing
Aehonty with respect 1o moniiering 33 meeting e requirements of Standard HAL-
N2,

B2, Each Begioeul Relisbility Onganizativn. sb-fegionl Reliahility Onganization vs Resrve
Skt Growp shall spesify its Contingenicy Reserve policies. incluling:
RLA. The i rescrve requiremet. for the group.
RLL Its dkocalion assorg imenbers.

RLL The permissible mix of Operating Reserve  Spinaing and Operming Reserve

Supplemestal that may be inchidad in Contingency Resenve.

R4 The procedure for applying Comingency Reserve in practice
RIS, The limitations, if any, upon e amost of Brernuptible load that may be included.

RLE& The came portion of resource capacity ie g. reserves froem joimly owned penesation)
shall nat he coumeed more than anee 25 Contingeney Weserve by mehiple Halineing
Ahoritics.

RY. Each Balancing Authority or Reserve Shing Grovp shall activate sullicient Cantingency
Reserve to comply with the DS

nLlL

41 mnimum, the Kalancing Authority or Beserve Sharing Groa shall camy @ leaat
caigh Ucalingeney Reverve b cover (e st severs sl cotlingeracy. All
Balarving Avbwrities and Reserve Sharing Groups skall seview, i bess requently

Adtopted by NERG Board of Trustess: Febeuary 8, 2088 1are

Effscaive Date- April 1, 2905

Standard BAL-002-0 — Disturbance Control Performance

hean srmaally. their probeible contingencies 1o determine thei prospective mst severe
single contingeies
R4 A Ralancing Autherity of Reserve Sharing cirosp shall meet the [Hatumance Kecov

Criterin within the [Nsturtasice Recovery Period foe 116 of Reportable Disturbances, The

Eisturbrance Reomery Criteion i

RAL A Balascing Authority shall retum its ACE 10 seeo if its ACE just price 10 the
Reponable Disurhance was peretive or equal to zern, For negative iniial ACE valies
15t priee 1 the [isturkance, the Halanaing Asnhanty sl renim ACT: & its prs-
Disturbiaoe vlue.

RAL The defauls Bsurbance Recovery Period is | 3 minutes after the star of a Repartable
Disterhance. Thes period may be audjsted o beiter sl the needs of 0 Inrconnection
Based ot analysis approved by the NERC Operaling Committee.

RS, Each Resstve Saring Creap sl conply wil he DCS, & eserve Shaing Geoup sl be
coenidered in a Repanabe Disturbance con cvera gromp member bas experienced
1 Reportable Distg bumoe nd alls for he ctivalion of Cosligeey Rescryrs e ok of
more other group mesthers, 41 a group menther hus expericaced a Reporable DNsurbance
B dows ot call o reserve activation from ceher members of the Reserve Sharing Girou,
then that menster skall repon 26 3 uingle Ralancmg Authoniy.) Compliance may be
dkrinamstrated by cither of e Bolkowing two metliods:

RS0 The Roscnve and
compliance to the DCS, To mnu«.pnmu the etoup ACE for it cquivalealh st
et the Distarbance Recovery Criterion afier the schodule chaagash relatesd o reserve
Shoritg ke bees fuly etz ad withie the D st baiet Retenery Petiol

v

The Reserve Sharing Group reviews exch members ACK in response to the sctivation
of msenves, 1o be i oompliaee, 3 member’s ACL dor it equivalent) must st the

Disterhance Revovery Critorion ater the schedule changolsh relatod to rescrve sharing
v boen Fully implemsentad, and within the Disturbance Recovery Period.

W& A Hatincing Astbarity or Reserve Sharing ciroup shall fully restore its Comingency Reserves
wilhin the Conbagency Resrie Restoration Peried fon 1t Iterconnedion.

Red Thed
Reconet

tingency Reserve Restoration Period hegins o the end of the Distarbance
Period

The defauls Continpeney Reserve Restomiion Period 15 00 miruses, This peeied pay
e adjstad 1 batter sat the rehiability langets of the Inleroonnestion basad on amlysas
appronen by the NERC Opersting Commilee.

il

C. Measures

A Balncin iy o Rrseve Stutig Group sl ok and et anpiance it
urhances greaser than o equal to 8F of the
>u.lfheRl'u|\c Sharing Groug:s st severe single
cquire 3 lower reporting threshold.
et Eomen St vl e the pereartge reconery (R

Adopted by NERE Bosed of Trusters: Fabrusey 8, 2085 2ele

Effecaive Dale: Apr 1. 2095
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where:

Standard BAL-00240 — Disturbance Control Performance

|II the cakeulated B)'s for Reportable

vt et Aveouge pevcen ecway 1 skilely aliee] e

enchudahle Distur

0. Compllance
1. Compliance Monitaring Procos

C -1‘.|;\'u||\\: wilh the IS shall be measred on a percentage basis ms set ford o the messures

AU

urces

\n g e end af
April 1ith, Jm 16eh, Excioher 10ch, 1 musry 101h lnru-yu onsl Rebiahility

s n IIIIN ST 3 summary document feporing compliande with DOS w0 NERC ne
] l e nthe 20 day of e month llowig the end of the quarter.

- -~

bt v Monitoring Responsibility

i ity (rganization,

1.2, Compliance Monitoring Peried and Reset Timeframe
Commplaane for DUS will be evahiated for cach reporting perveed, Hesel is one calembir
alue of AT measurcd within the fificen minuics wusrter without 3 vialation
hority o Rescrve Skaring Growp may. 21 13, Db Retention

14, Additess! Compliance Information
Reportable Disturbascrs - Reportable Db basoes are conlagena:
than f the ¥

the
55 shall be repor nnl hun
iple Contingcacles within the W

koot by MERG Boted of Fssooss: Faoruary . 2065 asts Audopted by NERC Board of Trustssa: Februsey . 2005 T

Effective Dats: Aprd

Effuctive Datu: Apre

Interchange Schedules and Inter-ties

Interconnected Operations

Each hour — energy (kWh) must agree at all tie points with
adjacent Control Areas; If not, problem must be discovered

For a generator that trips off-line, recovery (ACE = 0) must be
within 15 minutes

Largest generator = MSSC (Most Severe Single Contingency)

There must be reserves to cover the MSSC — 50% from
Spinning reserves; 50% from Quick Start reserves

Frequency bias is built into each Control Area’s ACE equation to
provide immediate assistance by ALL to return frequency to 60
Hz

Special considerations for Wind Power
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moais(5) 1: Processifieallime - CPS Overview

___\FC__ | AreaOver | _GenCntrl | Tuning | __E | __PCc__|__AM__|

SMUD ! irea ¥

* Interchange Schedules and Inter-ties

= Metering
= MW / MWH
= Generation
= Ties to adjacent Control Areas

= Maintenance issues:
= Maintaining calibration
= Yearly coordinated inspection and calibration
= Expense
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fHeallime - EAELVIIm -
Display View Cuerlsy Tools A

T | 07f16f08 SMUD Energy Management System wiehaim

11:47:44 EMERGY ACCOLINTING arrz
| Tie Line Edit Display —— ELV1 —- KWh Impart ]
g Edit Menu | [TTIREGRSY Gen Edits
[TRMRINT  KWhOUT | KVRIN | KvhOUT | Hest revias | Map
W OIS e S e — MVs0
A Accum KWh Analog Errar Primary Errar Authorize Total MWh

00:30 108000 107792 208 108000 108000
01:00 102960 102113 247 102960 ©o 102960 211
01:30 96480 96062 418 9E4E0 96480
02:00 94320 94954 -£34 94320 84320 191 Gmsiasinan=
02:30 90720 90343 377 20720 20720 CHAMMEL - 1
03.00 20000 82758 242 20000 o0000 180
0330 87120 86827 293 87120 87120
0400 79920 72901 19 79520 79920 167
04:30 81380 80562 To1 81360 ©p 81360
0500 72920 T2837 82 T9920 T9920 162
05:30 86400 85943 457 86400 86400
06:00 91440 91465 -25 91440 91440 177
06:30 121680 121240 440 121680 121680
07:00 133200 132523 677 133200 133200 255
07:30 159840 159663 171 159840 159840
08:00 162720 162913 =183 162720 162720 323
08:30 179280 178614 666 179280 179280
09:00 195840 195738 102 195840 185840 375
0830 203040 202356 6EQ 205080 203040
10:00 209520 209355 165 209520 209520 413
10:30 192960 192857 102 192960 192960
11:00 199440 199087 353 199440 1899440 382
11:30 214560 214002 558 214560 214560

" | 1z00
12:30
13:00
1330
14:00
14:30
15:00
15:30
16:00
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Interchange Schedules and Inter-ties

= Metering

= Operations
« Values on the EMS (Energy Accounting)
Hourly checkout with adjacent CA
« Data archive
= Data retention for disputes

= Procedures for Inter-area operations

16
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Interchange Schedules and Inter-ties

= Scheduling — e-tag, contract with OATI
= Electronic tag required for all energy transactions (one exception);
= Must be approved by all affected entities in the path

= SMUD has a contract with OATI to provide this and other services
(reduction in staff, hardware)

= Coordinated schedules

= ALL approved tags affecting an entity are provided as a net value
= Schedules are coordinated through the e-tagging system

= Hourly schedule checkout — before hour, after hour, spreadsht tool
= ACE issues

18




Interchange Schedules and Inter-ties

= Hourly schedule checkout — before hour, after hour,
spreadsheet tool

= Phone call to all adjacent Control Areas to confirm last hour
accumulator values (at ties) and next hour schedule

= SMUD also uses a spreadsheet to summarize schedule data,
generator schedules, and other data
= ACE issues

= Meters at tie points (summed) are used to compare real
energy flow against scheduled (net) energy flow
= Instantaneous deviations (MW) affect ACE

= Hourly deviations (MWH) contribute to accumulated
inadvertent

19

Balancing Authority Desk

Create CMRC

|

Nomogram Selection

[Z2SMUD 21

[IsMuD21b  [ISMUD 22

Reload Next Day [ismub22b [IsMuD22c [ISMuD2-2d
i . [sMuD23  [IsmuD23b [:sMuD24
Tuesday, July 15, 2008 | retresn ouay Predicted Temps: [Bhb  [eEileas e
Create Next Day l Highlight Cells [Zsmup26  [Ismup26b [ISMUD 2-6c
SMUD System
I__y_maa e O S N S-S S A N N N VO v R R W R GRS TR R TS N T T |
Pre-Schedule 1209 1114 1062 1034 1049 1107 1177 1277 1375 1480 1583 1688 1777 1010 2071 2224 2330 2387 2204 2121 1950 1820 1501 1375 39014
RT Schedule 1186 1105 1045 1020 1043 1112 1176 1266 1348 1418 1498 1569 1620 1744 1825 1936 2032 2065 2004 1859 1730 1631 1443 1258 35933
Yesterday 1307 1198 1136 1102 1121 1193 1257 1347 1453 1559 1689 1825 1994 2152 2291 2395 2443 2409 2261 2039 1848 1733 1524 1322 40598
Today 1186 1105 1045 1020 1043 1112 1176 1266 1348 1418 1498 1569 1620 1744 1825 1036 2032 2065 2004 1859 1730 1631 1443 1258 35033
Comparable Day o
PSO Forecast 11861105 1045 1020 1043 1117 1176 1266 1398 1416 1498 1560 1620 1744 1625 1036 2032 2065 2004 1850 1730 1631 1443 1256 35933
Load Change a1 60 25 23 6 64 90 82 70 8 71 5 124 8l 111 o 8 61 145 120 09 188 185
[ Generation 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Total |
UARP EEE 0 T 6 137 115 128 18 118 o2 133 225 213 309 322 323 351 303 208 212 21 6 240
Cosumnes. 49 494 483 500 500 500 487 497 498 500 408 499 497 496 494 494 495 497 500 499 11926
Campbells Soup 11 111 107 98 100 110 115 145 144 140 140 141 138 141 141 140 138 140 140 139 141 140 124 124 3108
Procter CC % 77 T 78 8 76 87 o7 88 8 8 8 8 8 88 8 8 8 8 9 8 82 84 2054
Procter Peaker o o o o o o o o o o o o 0 o 0o o o o o o o 0o o o o
Carson lce CC 50 52 45 39 45 49 44 50 51 51 51 53 50 51 51 51 51 5 51 50 51 50 42 42 1170
Carson Ice Peaker o o o o o o 0o o o 0o o o 0 o 0o o o o o o o 0o o o o
McClellan Peaker o o o o o o o o o 0o o o 0 o 0o o o o o o o 0o o o o
Keifer LFG 15 13 15 15 16 15 18 14 12 12 12 13 1 14 138 15 15 12 14 15 14 14 15 15 332
UC Davis, o 9 s 7 9 9 9 10 1 11 11 14 24 23 25 24 24 24 24 238 28 21 9 9o 30
Other O 0o o 0o o o o o 1 o 11 1 2 1 11 0o 2 0 o o o o 1
[ Total Generation 790 789 736 735 749 765 892 932 945 998 922 899 937 1046 1029 1124 1134 1132 1165 1115 1027 1031 794 779 22465
[ Netinterchange 398 310 310 285 292 351 274 332 408 413 580 -675 679 693 801 -B07 899 933 837 746 708 501 658 -472 -13457
Interchange Ramp B0 750 77 58 76 5 9% 4 14 108 6 o2 s 101 o1 38 17 et
[sMup system Batance 2 6 1 o 2 4 10 2 5 7 4 5 4 5 5 5 1 5 2 2 5 9 9o 7 1]
[ Reserves 12 3 4 5 78 01 17 13 1415 T 10 20 21 2 23 24 Tow
[ Excess Spin T 191 T o1 80 24 200 195 184 108 202 205 150 80 66 63210 _1e1 207 307 _Soi__aoo 331 asel]
Spin Sales/Purch o o o [ 0 210 30 0 50 5 [ 0O 0 o o0 om
[ Excess Total 677 682 731 73 720 708 587 548 52 460 556 559 539 43 435 3. 34¢ 399 37 41 492 478 696 699 13.016]
QS Sales/Purch 00 o 0 [ 00 o 0 0 0 0o o0 o o
[ Reg Up Required 4 35 0 23 30 2] 3: 27, 24 24 55 2 53 3; 1 20 2 4 9 47, 0 78 639]
[Reg Down Required 27 30 8 62 73 338 2 8 a0 37 27 3 20 a8 46 3 128 62 0 772
WASN System
WASN System 12 3 4 5 6 7 8 0 2 13 1 16 8 1o 20 21 2
Load Forecast 788 735 697 673 666 682 722 753 Bl4__ 884 1017 1083 1154 1215 1279 1316 1315 1284 1205 1153 1080 O
Net Interchange 220 235 231 225 222 205 172150 2 7 0178 146 2 2722 274 I
Generation 515 455 435 430 430 430 515 554 746 002 1076 1225 1261 1403 1513 1513 1511 1415 1324 1320 1281 10:
System Balance 53 a5 a1 a8 14 47 3 4o 42 49 213 39 - 38 - 78 86 105 80 81
Reserves 2 3 3 6 7 8 5 10 n 1 13 1a 15 T 10 20 a1 2
Excess Spin 137 137 137 137 137137 __ia7 102 102 102 102 102 102 102 102 52 5: 52102 102 67 104 137
Excess Total 7 7676 767 7676 o S R S S S R 77
Reg Up Required 0 0 1 1 24 1773 5 0 @ & 05w 010 o
Reg Down Required T Z T 0 00 o 0 13 0 o0 4 00 33160 79

10



i Benefits and Issues

Data from other areas used in system studies

Greater reliability through increased system
detail of other areas

Information on outages for power scheduling

Accurate interchange data reduces exchange
(power) issues and billing disputes

Hourly checkout provides preliminary
agreement of power exchanges

In US, market aspects prevent additional data
exchanges from occurring

21

Questions/Discussion

22
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BPA INTER-AREA
COORDINATION - GENERAL

Inter-Area Coordination:
Types

+

= Western Interconnection (WECC)

= International Coordination (Canada,
Mexico, U.S. government)

= Regional - Northwest Power Pool
(NWPP)

= BPA and Adjacent utilities

8/27/2008



Inter-Area Coordination:

$ WECC Balancing Authorities

Regional:

orthWest Power Pool (NWPP)

NORTHWEST POWER POOL (NWPP) serves as a forum in the electrical
industry for reliability and operational adequacy issues in the
Northwest, through both the transition period of restructuring and the
future. NWPP promotes cooperation among its members in order to
achieve reliable operation of the electrical power system, coordinate
power system planning, and assist in transmission planning in the
Northwest Interconnected Area.

It is a voluntary organization comprised of major generating utilities
serving the Northwestern U.S., British Columbia and Alberta. Smaller,
principally non-generating utilities in the region participate indirectly
through the member system with which they are interconnected.

The Pool was originally formed in 1942, when the federal government
directed utilities to coordinate operations in support of wartime
production. NWPP activities are largely determined by major
committees - the Operating Committee, the PNCA Coordinating Group,
and the Transmission Planning Committee.

8/27/2008
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Regional: NWPP Load Shedding
Agreement

Load Shedding

Block # Hertz Block% Load%
Block 1 59.3 Hz 5.6 % 5.6 %
Block 2 59.2 Hz 5.6 % 11.2%
Block 3 59.0 Hz 5.6 % 16.8%
Block 4 58.8 Hz 5.6 % 22.4%
Block 5 58.6 Hz 5.6 % 28.0%
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Regional: NWPP Emergency
i Coordination Process

and Canada

i International Coordination: US
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International Coordination:
i Columbia River Treaty

= Canada built three large storage
reservoirs in SE British Columbia. The US
built Libby Dam in Montana; its reservoir
extends into Canada

= Storage increased from 5 MAF to
over 20 MAF

= Operated for flood control and power only

Inter-Area Coordination:
Organizations

NERC

WECC

NW Power Pool

Balancing Authorities: BPA SMUD
Individual Utilities

Other

= Contracts

= Operating agreements
= Treaties

= Procedures

10




Inter-Area Coordination:

Benefits/Issues
= Benefits = Issues
= Increases = Complex negotiations

Transmission capacity
and availability

Reduces Costs
Distributes benefits to
wider markets
Maximizes efficiency
and use of assets
Diversifies resources in
markets

Can take extended time
to finalize

Documents must be
clearly written to avoid
misinterpretation.

Changes are difficult to
make.

Requires commitment
to work to solve
common problems

11

Questions?

12
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SMUD
INTER-AREA COORDINATION:

SPECIFIC APPLICATIONS AND
METHODS

Inter-area Coordination

Specific applications and Methods

= Technological solutions
= DC Lines
Phase shifting transformers
Power electronics
Series Reactors
Series Capacitors
Metering

= Financial issues
Transaction agreements




Inter-area Coordination

= DC Lines
= Control flows
= Connect to other systems with different frequency
= Asynchronous tie
= Phase shifting transformers
= Limit power transfers
= Power flow control
= Maintenance requirements
= Purchase expense
= Maintenance expense
= Power Electronics
= Accurate control of power flows
= Maintain limitations
= Purchase expense
= Maintenance expense

Inter-area Coordination

= Series Reactors and Series Capacitors
= Controlled by switching
= Provides limitations on flows

= Metering
= Accuracy (MWH)

= Instantaneous (MW) — hourly integrated can be compared to MWH for
accuracy check




i Inter-area Coordination

= Transaction agreements

= Long term contracts - energy (cost
stability)

= Short term contracts - energy (daily)

= Operational contracts — maintenance,
generation, reserves (cost stability)

Questions/Discussion




BPA Inter-Area Coordination:
*pecific Applications and Methods
|

i Inter-Area Coordination

= WECC example
= NWPP 45 day outage process
= Treaty issues

= Hourly Coordination




Inter-Area Coordination:
Relationship Between Entities

The North American
Electric Reliability Organization

Canada United States Mexico
Provinces Federal Energy Comision Reguladora
National Energy Board Regulatory Commission de Fnergia

| Electric Reliahility Organization L

|

| Bulk Power System Owners, Operators and Users

Inter-Area Coordination:
WECC Example

= WECC operates through a series of
committees, subcommittees, task forces
groups, or work groups.

= Committee members represent utilities that
are WECC members.

= Committees are assigned specific technical
issues, problems or standards to work on and
resolve.

= Example: WECC System Disturbance Rules.




TERM ELECTRICT

WES ul
COORDINATING COUNCIL

e |

coseTrL

Inter-Area
Coordination:
WECC
Organizational
Chart

Inter-Area Coordination:
WECC Transmission Standards

TahleI. Tra ion Svstems Standards — Normal and Can ency Conditions
Category Contirgencies System Limits or Impacts
Elements Toernal Viltaze Systam Loss of Demmand o
Initisting Eventiz) and Contingency Elenaent(z) Out of Sarvice Limits Limsite Stibla Cuntailed Fim Transtars | Outages
A No Contingencies | All Fucilitie: in Sarvica None Agpphcsble | Agplicable Yes Mo
Ratisg "AR) | Rating (AR
Single Line Growsd (SLG) oz 3-Phase (30) Fault, with Nommal Clear
B Event jealtingin el Line Caond (S1G) 30 . = Stusle aE . .
the lazs of a single 2. Trmusmisson Ciscuit Single AR Yes No
element 3 Transforme Single AR Yes No
Loss of an Elemen without a Fault Single AR Yes No®
Single Pole Block, Nowml Clearing | . AR AR - -
4. Single Pol: (dc) Line ingle - e © °
C - Event(s)1estitng | §] G Zault with Normal Clearing - d
in the loss of fwo o 1 B tectin € Multiple AR Yes ‘Planned/Coxtrollacy
mor (mutivle) 3 Brerkes (hiluwe or el 1) Multiple AR Yes ‘Planned Cortrolled
elaments 2
SLG v 30 Fauit, with Normual Clasring | Ml Systemn Adgussmants,
followed by another SLG or 3C Fault, with Norma] Cleming
3. Cateory B (BL. B2, BY. or B4) confinzency, mamal system Multiple AR AR Yes Dlanned Cormolled”
adjustmerrs, followad by anotier Casory B (BL B2, 53, ar B4)
coniingancy
Bipola Bloek, with Noral Clear B a
" Bipolar (de) Lize - Multiple AR AR Yes Planned Cortrollesd
£
Fault (son 30, with Norzmal Clearing
t6 . e . Mhltiple AR AR Yes Planned/Cortrollas® Yo
5. Auy twe ccuits of a sultiple Gireuit towedline
£
LG Fault, with Delayed Clearing - (suck bresker ar protectios
P ’ e o o Mliipie AR AR Yes ‘Planed Corsolled
P Ratiple ; fes Planned Cortrolled
6 Gamssator 5. Tvmefmer Moltrpl AR AR ¥
7. Tresmisson Ciscuit 5. Bus Section




Inter-Area Coordination:
WECC System Disturbance Rules

WECC DISTURBANCE -PERFORMANCE TABLE
OF ALLOWABLE EFFECTS ON OTHER SYSTEMS

Teansent | Minaeam
.................
eeeeeeeeeee

Inter-Area Coordination:
i NWPP 45 day Process

= NWPP Planning Process.

= Coordinate outages up to a year in
advance.

= 45 day process

= Provides adequate time for studies,
coordination to minimize impacts, and
market notification.

= Affects ALL Significant Equipment
= Deadline for Outage Requests




Outage Process: Pacific Northwest
Power Pool 45 day Outage
Planning Process

45 days
30 days
"7 15 days —*|
Beadine for al Romacty B O Sudis | [Ouage |
%rl?%%seesd Ejgmﬁlttgg for Complege)
Initial Capacity outages posted

Estimates
Posted

Receive outage
plans / requests

Public Comments
Received, Outages .
Coordinated, Capacity
Estimates Revised

Outage Process: Detailed Outage
Process

T ADVANCE REQUESTS } REQUEST OUTAGES : PLAN OUTAGES : FINALIZE OUTAGES } OPERATE
| I 1 1 |
M ! | | |
E 12 Years Advance I 6+ Months Advance L 45 ! N
L “proposed” outage list } “proposed” outage list : “proposed" outage list ] }
| 1
| | I 30 days N
N | i Outage N "I
E | | coordination =] : |
} : meeting, plan g: KﬂL,"
| | reposted at + & | |
| H 37138 days g 1 |
A I 1 ©i I
¢ PM consults with ! Make Sigrificart Inialpostet | Post estimated Publish on OASIS | Operaing | |
b Outage and Tech || Equipment Outages outages with rough || consenvativelrough TIC/IOuage Condifons: | |
Staff for Viable | |visibleto Transmission estmatesof | capacities for schedde | Revising Studies | 1
| Outage Windows } Entities* artiments per | outage plan on }
0 ! p e | onsis 1
N I fomOASIS 1 |
s | 1 I
I 1 1 |
| 1 1 |
| | | Determine |
P ! L c d
R Maintenance & ! Receive o Local Continue No Addifional of ALL other Paths Caend
5 Construction nput outage plan prioviization 1 Revewof ¥ modiications [ o Transier > Coondar
plansirequest as Tequests and alignment Draft Plan for external Capecity (TTC)
g soonas avallble 4 of ouages y postings eSS WOHE |
\ N -
1 ,
: Y \ ¥ /. Reiabiy
\ \ ' ! Emergency
AN N Forecasted Generation/ \ Safety
N N\ Anbient Load info for AN e
*Draft Outage Plans w/ no estimates posted for anyone AN Sso capacities SN Deferred
with access to Known Constraints website = ==
= (Update
Dase) | 4 )

Re-alignment of conflcting outage.




Inter-Area Coordination:
i Treaty Issues

= Treaty Planning is done on a rolling 6 year
basis for power and flood control

= Outage coordination by the Northwest Power
Pool is done on a rolling 24 month basis
(includes both hydro & thermal units)

= Northwest Power Pool also looks at ability to
meet forecasted load

11

Inter-Area Coordination:
i Treaty Issues (Cont.)

= The coordinated operation of the Canadian
and US storage projects adds 2400 MW of
capacity and 9.2 TWh of energy to the
system’s annual production

= So current Entitlement returns to Canada are
1200 MW and 4.6 TWh

12




United States / Canada Treaty
and Columbia River Base System
Projects

4,000ft
V Treaty Project
* Dam in Canada
3,500ft
V Base System Federal Project
¥
V Base System Non-Federal Project L
¥ 8
3,000ft "?Q
2,500ft .
Mica "
w |I 'e“( Coeur d'Alene Lake
Cabinet Gorge,
Duncan Albeni Falls /(& Post
2,000ft Lake — &
g
5 I
g 32
2 1,500t Arrow Lakes N
5 Crand Coulee i
g )
10001t o Chief Joseph
Lower Granite
Little Goose
500t Lower Monumental
A P log Harbor,
e
The Dalles L—="John Day
SeaLevel Bonneville
1 1 [] 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900 1000 1100 1200 13

Miles from River Mouth

Inter-Area Coordination:
Mid-Columbia Hourly Coordination
Agreement

= Optimizes the hydraulic operation Grand Coulee,
Chief Joseph, Wells, Rocky Reach, Rock Island,
Wanapum, & Priest Rapids

= Energy deliveries are made within — hour between
the generation projects, not to load

= Waiver for current agreement has been pending at
FERC for some time

14




Inter-Area Coordination:
A Broad View

15

Inter-Area Coordination:
The Reservoir

Outflow
(Discharge)

Reservoir
(Forebay)

16




Reservoirs

i Inter-Area Coordination: Two

Regulated Inflow
(Lagged Outflow)

Unregulated Inflow
(Local or Incremental)

Inter-Area Coordination:
i Lower Snake

Dworshak
(12 hours)

Palouse

), Lower Granite
Hells
1-hour lag E{E \ — Canyon

1-hour lag (12 hours)

(to McNary)

—— N )
@J Lower Monumental
i/
Il '

Ice Harbor 18




Priest Rapids

(11 hours)
Yakima, Walla Walla
John Day, Umatilla AN

3-hour lag

iCoordination: Lower Columbia

Deschutes

Ice Harbor

John Day (1 hour)

Bonneville 19

Questions ?

20
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SMUD
SYSTEM OPERATION EXAMPLES:
FIRE CONTROL

i SMUD Distribution

NERC requirements for vegetation
management

Reliability

Forest management

= Maintain clearance

= lines contacting trees are the largest problem in
heavily forested areas

Problems result in:

= line outages
= forest fire




Standard FAC-0031 — agetation Program
AL Introduction
1 T Tramsmlssdon Vegetation Management Program
3 Number:  FACD05-0
3 Parpne:  Toimprove the reliability of e clectic rtmisicn sy by peering
o visgetation: bocated on rights-of-way (ROW) s pnimizing
mluyslnmnrgtmlwnl\u adjaceat o ROW, maimaining clearances betwoen
et ch s s Iuasaison RO, e reportii vege
relsted outnpes o the transmission systerns fo the respective Regional Reliahility
Arpanizaions (RRCK and the Nerth American Elecric Reliability Council (XERC),
4 Applicability:

41, Transmissan {raner

42 Regional Reliability Onganisation.

A3 This standand sheill spply b0 all tamanission lincs oporatcd a8 200 kY arsd abose 2 bo
iy Bower voRage lines designated By the BRI as critical 1o 1he reliability of the
clectric system in the region

S Effective Dates:

S Onecalends year from the dabe of adhoptio 1y the NERC Boand of Trustoes for
Requinerents | and 2

52 Sinty caknedar days o the date of adoption by the NERC Roard of Tnsstees for
Baquirements & amd 4

B. Requimments
RL The© Ormis shall prepare, aexd kesp currcai, a fovraal vegstalion

msvigcreent progain { TVME). The TVMP sbull inclade the Trasssnission Cmet's

ohiectives, practices, appeoved provedures, sl work specifications’,

RIL. The TVMP shall define » schedule for and the rype (serial, ground of ROW vegemation
. A e Ml gt st for dhanging:

dule shall be hased on the

wegetalion and any oiher emyironmental of operalional [actors tat could impact the

melativenkap of vegelation bo he Transmissson Chwner s Uansisss on lines.

1.2, Th Trassnision Owost. i the TYMP. st ..s_uur;. mummu clearanes

B vepetation and sty cverbead, ungrowd condisctors, laking itto
.\\L\memmmmnw.\n line vedtage, the. 'Ilcn..\l -\mn-nmrq\-mm

comdactor sag eader mEvitisas design lomding, aid the <llects of wind yeloctics o

comhacto sway. Specifically, U Trassatision Oriaet shall isblih learances o be
achieved a1 1he tme of vepetanion management work identilled herein 3s Charance 1,
and sbnll also cstablish asd esaintain 2 st of cheatances irtified hercin o Chearanos
2 1o prevent Mishoner betwsen vegetation and oveead ungrouded supply
condisctors

[N

Clearanee | The Crarer shall 4
appraprialc clearance distaeces to be achicved at the ime of Iramenission
vepetation managenvent work based upon loval conditiors aid the evpeced
sime frame in which the Trararéssion Craner lans to reasm far fiture

| ANSEA300, Tree dare Operations — Tree, Skeub, and Other Weedy Plamt Maintenance
et 3 sequimemens of this standsed. s considered v he an industry Bestprictice,
Adopted by NERE Board o1 Trudtess: Fabrusry 7. 2006

Effezive Date: April 7, 260%

Sasndmd Practiees, while

Tare

Standard FAC-003.1 — Program

wepelation i nagement work. Logal
limited bex. operating village, appropriste yogelalion manapement kochniques.
i sk cemcnsbly aicipated e and scnuios movennent, speies types

spevies failure oy | climate and rainfall
|I.1kn|3. I Serrain and chevation, losation of the vepstation within IL ‘1
e worker approach distanc caranoc | c
preater thas those defined by Clearance 2 helow.

Cheatae I The Transmission Owner shall determine and document
et il cewnces o b iblned e eeealon ] sndioes
uncher dl ruied contions. clearal
distanees are nesesary 1o p.-\.-m flashower between vepetation and

chors anwd il vary i o such Eactors asaltnk s operatvg vollage,

geciflc mininum ck sall be r

less than those set ford o e Beatitute of Elecincal aad Elecironics Engineers
(IEEE) Standsrd $16- 20008 (Crdde for Mevanaance Mebod on Keergized
Puwer Lines ) and as spocifacd > S 4 My Tnsalabin
Distries without Toals in the Air Gap.

RLZL Where rammission systerm lsamsicnt onervollage faclors are oot
Kacrwn, chearsmoes shall b derived from Table S 62001,
phaselo-ground distavces, with appeapriate aliikde corection
focicesapplicd

adavis may 1achide, bul are et

RLLED.

ey

RL222

E are
kncmm, clearances shall he d from Table 7. IEEF $16-2003,
Phase-to-hase vodapes, with appeoprte atide comection

P tors applaed

RLY Al personnel directly imvolved nlh' |Ih§x|.\nd implersenation of the TVMP shall
hald appeep g iraining 2by the Lo
et thest dtscs

Rid. Fach ner shall £ [5F

elearamees for the prebevtion of the eranamisson Escilities when it wemilies loestsons
o e BOAY where the Tramsmission Chwie 15 sestisted from atiaiming the slearances
apevifin in Reguirement 1.2.1.

Eash 1 Ut shall establish prosess for the immediake
commmrBcation of vepetation conditions thal present an mincel beeal of 2
transanission Tine oulage. This is s that action fempeoeary reduction in line rating.
swilchang line oul of serioe et may be lahen wikal (he thacal 13 relioved.

RIS

The Transmisason Cwier shall crate and uwl:mml an .1|||||HI plan o vepelation
||Lnup.1:\nl work Iumurlhr reliability ol L The plan shall describe the methods
el | clearing. bicis J(‘Il\\ll?l\.lll or other actions. The

adjua
i all iber emarcmenial u.-m. that ey have an impact
abiliy af the Eanenision sydens, Adjstements b the pln sl b d
they oxcur. The plam should sk it ectnaderalicn e tine soquzed 1o cblain perisicas o
permits froen Landoweers on regulatory mikerities. Each Tramassion Owner shall hav
ssslcl:b and provedures far docementing and racking the planned vegetation muu«!lmn
st enuariny (Rt the Vepelation Maragement work was completed acconling o woek
.p.\-um.m.m

neipaied grouth of vepetaiion

Adogted by NERC Board of Trusteas: Fsbruary 7. 1006
Eftactive Date: Apil 7, 7004

Standard FAC-003.1 — Vegetation Brogram

R, The Transrission Curcr shall report quancrty sa its RRO, ar the RRO°s designee, susdained
ranin it ges determvnned by the Transmission Cwaer o kave heen eaused by

Vet

.
RAL Mutiple sistained outages on an indvidual line, if cared by the same vepetation
all be repomad a5 one campe epanless of the ackil sumiber of catipes withia
hour puricd.
The Tratsimission (Fner i ot reqiired b fepeet 5 the RRO, o the RRITs designoe,
certain sustained eransmission line sutges caused by vegeation: (1) Vepetation-
rehited catapes al rewul fom vepetaisan Falling o lincs from oulside e ROW that
resalk from natural dassers shall not Be comsicdensd reportahle fexamples of disigens
hat could create nanscepartable oulages isclude. bul are ot hised bo. carthrakes.
fires, ottad s, D carses, bandsliddes, winkd shear, major stonis s defined ither by
the Tranamission Craner o an appicable regalitory body, ice stormes, and flocds), and
(23 Vepetatios-relatod e du 16 huma of animl sty shall e be corsideral
reportahle (examples of human or animal activiy that could canse a nan-repaable
cutage inchude, bul arc ot lirsited 1o, logging. animal scvering free, vekick: coaticl
with o, arboricultural activities of horticullural of sgriculfucal acthitics, of removal
o digging of vegetation).

B33 The cutage infonruation providod by the Trassmission Orner 1o the RRO. or the

RRO's designee, shall inglude at a minimum: the name of the ciraatis) catiged, the

date, ime and |Iurumnnnh'-||||w 3 descrpticn of the Fuse o e auty
- and by e 1 Owkr,

R1.

£

Anoutsgt hall h‘c.\lcs\\mlh!as ot of the Sollowing:

BELL Cstepory 1 dirow-ans: Chitages caused by vepetation gromg imon lnes
from vagelalion e amdior cxtside of the ROW.

RAAL. Coregory 2 Fallins: Outages coused by vegetaion faling iho lines from
insice the RO

RAAD, Caegoey 3 — Falleitn: Gatages cnisod by vepetation fallig ino lincs from
outsicke the ROW,

The RO shall report the cutage infomation provided to it by Trarsiiission Ohwner's, as

sequired by Reguirernent 3, quarterly 1o NERC. as well as any actior taken by the RRC s 2

result of sy o the Reported catages.

R4,

€ Measures
M1, The Transimession Dwner has a documented TYMI%, & iderrilled m Recuarement |
. The T et has tatica that the T Onutier per il
the vegetation inspections s ideatified in Requirement 1.1
MLL The T et bas latica that describes the <l identified i
Reuinetawil 1.2,

The Trammission Chwier bars dosumentatioa that e personac] direstly snolvad inthe
design ||||p|cm.||lJllulurllu Transmission Craner’s TV \|I’h\l.1 The gaalifications

iudeentti fied by the: s reyuired i Ry
MIA The 1 Uit b Ehat 11 s wdenih fiod arry arcas ol
meeting the “sdandard S and any

st moasuees the Trassmissivn Ot has ke o kb these deficneics as
et fed in Requireasent 1.4,

Adopted By NEREC Bosed of Trastess: Feseiary 7, 206
Edfestive Date: April 7. 2006

aars

0031 — Vagetatizn Pregraen

MIS. The Transmission Owner bas a dosurmented process for the immediate communisation
o mminéal thsas by vegetaicn s dod in Requitencet 15,

M2 The Transmission Danee hs & s that the Transmi ik 11l
uorkphnd.nllfedlnll\wm:mnl
ME The T o that it h e quarterly cutage repants to

he RO, < the o Auiw«. a5 ideified in Requirermest 3,
The RRO has dosuenentation at it provisked quanterly cutage reports 1o NERC as ibnlified i
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D, Compliance
1. Compliance Masiloring Proces
L1 Complisnce Monitoring Repansilslity
RRO
NERC
Compllance Mankarkng Perlod and Reset
One caleeslar Year
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Five Vers
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L Lievebs of Now-Compliance

M4,
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LI The TVMP was incomplets in one of the requirettients specified in any
subgart of Requirement 1, or,
B12. Decumentstion ofthe anmusl work plas, s specified in Requirement

LN The RRO provided an cutage seport 1o NERC that was incomplese and did not
contain the information reguined in Requiresment

ol It
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deviations from, as specificd in Reguiranem 2.

LY TheTs issit WIKT Catgpory 2 veptalion-
relatod outage in a calendar year.
Adcptad by NERC Bosrd of Trastsss: Fobrusey 7, 2006 sate

Efisctivs Date: Aprd 7. 2004
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BLACKOUT RECOVERY &
PREVENTION

Peggy A. Olds, Manager
Technical Operations
Bonneville Power Administration
USEA/USAID Presentation July, 2008

What Happened on

i August 14

= At 1:31 pm, FirstEnergy lost the
Eastlake 5 power plant, an important
source of reactive power for the
Cleveland-Akron Area.

= Starting at 3:05 pm EDT, three 345 kV
lines in FirstEnergy’s system failed due
to contacts with overgrown trees.




What Happened on
i August 14

i What Happened -- Ohio

= After the 345 kV lines were lost, at 3:39
pm FirstEnergy’s 138 kV lines around
Akron began to overload and fail.

= 16 lines overloaded and tripped out of
service




=

Dale-W.Canton 16:05:55
EDT

W.Akron Breaker

Q

hamberlin-W.Akron

E.Lima-N.Finlay 15:51:41

EDT

Camton Central Transformer

H_ JAkron-Pleasant Valley

Babb-W.Akron

E.Lima-New Liberty

Cloverdale-Torrey

|15:41:35
Star-S.Canton EDT
345 kV ] | 15:32:03

anna - Juniper 345 kV EDT
. . | 15:05:41
Harding-Champerlin EDT

345k

i What Happened -- Ohio

o O o o o o o o o
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failed due to

345 kV line
severe

= At 4:05 pm,
FirstEnergy’s
Sammis-Star
overload.

i What Happened -- Ohio




i What Happened -- Cascade

= Before the loss of Sammis-Star, the blackout
was only a local problem in Ohio

» After Sammis-Star tripped at 4:05:57,
northern Ohio’s load was shut off from its
usual supply sources to the south and east,
and the resulting overloads on the broader
grid began an unstoppable cascade that
surged across the northeast, with many lines
overloading and tripping out of service.

i What Happened -- Cascade

1) 4:06 2) 4:08:57

3) 4:10:37 4) 4:10:38.6




i What Happened -- Cascade

5) 4:10:39 6) 4:10:44

i Power Plants Affected

= The blackout shut
down 263 power
plants (531 units)
in the US and
Canada, most from
the cascade after
4:10:44 pm — but
none suffered
significant damage

10




i Affected Areas

= When the
cascade was
over at 4:13pm,
over 50 million
people in the
northeast US
and the
province of
Ontario were
out of power.

Area Affected by the Blackout
Service maintained
insomearea

11

& What Happened -- Ohio

= Why did so many trees contact power lines?

= The trees were overgrown and rights-of-
way hadn’t been properly maintained

= Lines sag lower in summer with heat and
low winds

e PP - e
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i What Caused the Blackout?

Three Root Causes:

= Inadequate Situational Awareness at
FirstEnergy

= FirstEnergy’s Failure to Manage Vegetation
Growth in Its Transmission Rights-of-Way

= Failure of the Interconnected Grid’s
Reliability Organizations to Provide Effective
Diagnostic Support

13

the Blackout?

i What Didn’t Cause

= High power flow patterns across Ohio

= System frequency variations

= Low voltages low and declining

= Independent power producers and reactive power

= Unanticipated availability or absence of generation and
transmission

= Peak temperatures or loads in the Midwest and Canada
= Master Blaster computer virus or malicious cyber attack

14




Cinergy -- Customer Property
i looking Northeast 8-14-03

15

Cinergy -- Customer Property
looking Northeast
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Could it Happen Again?

i What Others are Saying

We are way ahead of the game compared with

the East Coast. We've already had our shock. —
Steve Weiss, NW Energy Coalition
What we learned in ‘96 is that we are getting
really close to the edge. — Wally Gibson,
Northwest Power Planning and Conservation
Council
We've got to look at improving infrastructure —
Oregon Congressman Peter DeFazio

17

i TBL Operating Circuit Miles
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end of major construction
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Reactive Support Additions

i NW Constrained Paths

20
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Reliability?

= Enough Generation to Meet Load is One Measure
of Reliability

= Resiliency — The Ability of the System to Withstand
and Recover from Problems Without Cascading
Electrical Outages — is Another Measure

= Lightning Strikes, Equipment Outages or Failures Cause
Bumps on the System

= The Western Transmission System is Not Very Resilient (Well-
Damped) Anymore

= Like a Car With Worn Out Shocks going Over a Bump

21
3700
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Alberta Separation £
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Shunt Capacity & Reliability

23

The Need for Transmission

= Infrastructure Plans
= Reinforces Load Centers
= Integrates Needed Generation Resources

= Relieves Crippling Congestion
= We Don’t Want Our Own Path 15 (Constraint in Central California)

= Puts A Little Reliability Margin Back Into the Grid
= To Reduce Exposure to Cascading Electrical Outages with Big Impacts
= Needed For A Competitive Wholesale Market To Work
= So We Can Meet Regional Load During Outages
= S0 We Can Meet Load and Move Power When Large Load Shuts Down
= S0 We Can Actually Do Some Maintenance Without Harming the Market

So any RTO Wouldn't Start with the Regional Grid heavily
congested.

24
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i Future Reliability Issue?

25

Future Projects

+

26
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What Should The U.S. Do to
Prevent Blackouts?

= Infrastructure investment.

= Nation needs mandatory reliability
standards with teeth.

= One utility regional planning — full range of
alternatives including non-construction
solutions.

= Operate carefully!!

27

i Before the Black Out

28
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+

After the Black Out

29

+

= Questions?

30
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SMUD
SYSTEM OPERATION EXAMPLE:
OUTAGE INCIDENT

i SMUD Distribution Line

= Distribution Operator
= Outage restoration

= Emergency response (downed lines, car-
pole accidents)

= Storm response (storm damage, poles
down, trees blown into lines)




The early days — no technology here!

Finally in the 215t Century!

w




i Seasonal Problems

= Winter
= Storm damage
= Customer outages
= Summer
= Fires under transmission lines
















i Emergency Operations

Regional
= Large scale system destruction

= Damage to the Utility system is too
great to repair in a reasonable time
frame

= Utilities in different areas of the North
American system will provide parts,
equipment and personnel to assist

15
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i Emergency Operations

Distribution
= Typically during winter storm conditions

= Storm operations in effect — additional
personnel and equipment

= Involve customer load outages
= High media visibility

20
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Questions/Discussion

21

11



Wind Generation
* Integration Issues

Peggy A. Olds, Manager
Technical Operations
Bonneville Power Administration
USEA/USAID Presentation July, 2008

i Wind Generation Integration Issues

= Green Power/Renewable Energy is an
increasingly popular resource

= BPA is forecasting thousands of
additional MWs of wind generation
integration in the next decade

= Special provisions needed for
operations: operating reserves




Wind Generation Integration Issues

BPA CONTROL AREA (BA) LOAD & TOTAL WIND GENERATION
JAN 1 - APR 30, 2008
[ Transmission Technical Operations/TOT/5May08

CONTROL WINDf  CONTROL  eneramon] Wind Gen as %o

AREA LOAD GENERATION| nourLy avG HourLy avdl Control Area Load

Month]  SUM (MWH)  SUM (MWH) (MWH) wh|  (FULL MONTH)
1/1/2008| 5,781,167 300,922 77704 404.5) 5.2%)
2/1/2008 4,829,541 292,353 6939.0 420 6.1%
3/1/2008 5,028,249 381,650 6767.5 5137 7.6%)
4/1/2008 4,818,787 414,542 6692.8 575.9) 8.6%)
4-month totall 20,457,744 1,389,467| 7047.1 478.6 6.8%

Source: Integrated hourly data via SCADA points 45583 & 79687

= Increasing penetration of wind generation as a
percentage of control area load.

Wind Generation Integration Issues

VANSYCLE WIND

— BASEPOINT FORECAST SIMPLE PERSISTENGE FOREGAST |

Simple Persistence Forecast uses the Actual Wind Gen from xx:30 as|
the forecast for the next hour, including a ramp from xx:50 to xx:10|

5/9/08 00:00 - 5/16/08 00:00 (1 Full Week) | ‘
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. Forecasting wind generation output is a challenge.
. The data for the BasePoint Forecast vs. the Simple Persistence Forecast for the week. The generator is using a simple

persistence forecasting methodology similar to a Persistence Model BPA is testing. It appears to forecast better than
any other operator's basepoint forecast methodology.




i Wind Generation Integration Issues

TOTAL HOURLY WIND GEN (calculated): Jan07-Jan08
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= BPA has experienced a significant increase in total hourly wind
generation within the last year. A doubling of the generation in a 12
month period.

i Wind Generation Integration Issues

= Forecasting

Operational complexity in forecasting
amount of and real time supply of
needed operating reserves

Non-traditional supplier/operator issues
Market driven; resource constrained
High public visibility and awareness




Questions ?
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