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1 INTRODUCTION
1.1 Purpose and Organization of Document

The goal of the Automated Reliability Reports (ARR) project is to research and prototype a software
application that can run on standard personal computers to track the historical reliability performance of each
interconnection. The ARR will provide a summary of key reliability metrics and statistical analysis,
including, for example, the large and small high and low frequency events resulting from load-generation
imbalances. The ARR will be designed to produce reports for different time periods e.g. daily, monthly,
seasonal, and annual for each of the interconnections. The ARR will provide a starting point for
understanding and analyzing reliability performance of each interconnection, comparative performance
assessment of interconnections, performance relative to targets and thresholds, identify performance trends to
identify areas that require corrective action for reliability management, and provide data and information to
facilitate evaluation for reliability standards adequacy.

The purpose of this document is to define the functional, data and client requirements for the ARR project.
Section 2 provides an overview of data sources, data communications and report types; Section 3 provides an
overview of the hardware-software architecture requirements; section 4 describes the user-interface to login,
create and view in PDF-format the last 24-hours reports, and to search and view archived reports. The data to
be used for the ARR will be from the historical data from the portfolio of CERTS developed NERC Wide-
Area Monitoring applications archived data. Sections 5 to 8 describe the daily, monthly, seasonal and annual
reports including graphics. Section 9 presents the implementation plan.

1.2 Background

The portfolio of real time wide area monitoring applications developed by CERTS/EPG for use by NERC
reliability coordinators, reliability subcommittees and reliability managers are listed below:

Resource Adequacy (ACE-Frequency)

Area Interchange Error

Inadvertent

CPS-BAAL

Intelligent Alarms

Frequency Monitoring and Analysis (FMA) Using Phasor Data

ocourwbE

The metrics and data archived in these applications provide the ability to create management reports to
provide key date and information to reliability managers and policy makers regarding the reliability
performance of different interconnections. CERTS/EPG provided a briefing on the concept of ARR to staff
and management of DOE, FERC and NERC. There was consensus on the need and value for ARR, and
FERC and DOE agreed to fund the necessary research and prototype development. The goal of this project is
to research, develop, and test a prototype tool that will automate the creation and delivery of wide-area
reliability reports that will be generated daily, monthly, seasonal, and yearly and present data for the three
reliability states — normal, alert, and emergency. The reports will provide an assessment of wide-area
reliability performance, identify abnormal events, provide a snapshot of reliability performance trends and
will be useful in assessing the effectiveness, adequacy of current reliability standards and the need for new
standards.

1.3 Intended Users

The ARR reports are designed for use by FERC Management and personnel at their Monitoring Center,
DOE, and by NERC Management and Benchmarking Group.
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2. DATA SOURCES, DATA COMMUNICATIONS, AND REPORT TYPES

The key building blocks for the ARR are data access to historical archived data from the CERTS/EPG NERC
applications, transfer of the data to the ARR, and processing and analysis of the data to produce the reports.
Figure-1 shows the data flow and functional schematic. Users will have access to the ARR from their
personal computers. From the ARR Home page, users will be able to search, select, display and print in PDF-
format the reports using authorized username and password. The ARR will provide users access to five years
of archived reports. The ARR will be designed with customized distribution lists for automatic email
distribution of the reports, and the capability to add new input databases for expanded reports in the future.

NERC REPORTS CLIENT USERS

d d

HISTORICAL DATA SERVER ACCESS A(jﬁf,fivzvg; Upsgfgﬁly)
SOURCES

On Demand
Reliability Reports

) ] Resources I
Historical Adequacy JE—
Phasor Data istorical Data —
Server
Automated
Reliability —
Reports —

Reports for:

@

Intelligent Alarms "I: t o Daily
Historical Data - ruture * Monthly
L, Interfaces e Seasonal
et e Yearly

O"
-
.-

Future Grid & Reliability Reports

Relay Data

I
I Automated Email
I
I

Figure 2.1 — ARR Data Sources and Data Communications Overview
The ARR reports will:

— Utilize NERC wide area reliability applications information and historical data sources

— Distribution via automated emails and interactive search, selection and view

— Report overview of reliability performance by interconnection

— Enable analysis of reliability trends — number of abnormal events of different types

— Identify and report load-generation inadequacy events and metrics performance during event

— Reports reliability metrics comparative data and charts to identify standards adequacy, by
correlating abnormal events with standards metrics performance.

2.1 Types of Reports

The reports will generate the following types of information:
CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS
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Interconnection wide, short and long term reliability performance assessment — normal and
post event

Provide data and information for assessment of reliability performance adequacy and need
for standards modifications or new standards

Provide charts on reliability trends

Provide key performance metrics for different operation conditions - normal, alert,
emergency

Reliability performance comparison of different interconnections

2.2 Daily Report

The Daily Report will address the following functional objectives:

Management Briefings — What Happened, Where and Impacts

Under Normal State Does System Remain Within Acceptable Limits

Does System Performs Acceptable After Credible Contingencies

Interconnections Performance During and After Events, i.e. Frequency Events
Closeness to Performance Standard Magnitude Thresholds

Closeness to Performance Standard Rate Thresholds Sensitivities

Comparison between performance metrics defined by industry and equivalent metrics
defined base on statistics

2.3 Monthly, Seasonal and Annual Reports Objectives

The Monthly, Seasonal and Annual Reports will address the following functional objectives:

Summary of large and small high-low frequency events

Summary of reliability performance metrics and trends

Assess Effectiveness of Current Reliability Performance Relative to Targets and Thresholds
The monthly report will also include the daily report tables and performance charts

The ARR data and information could be used for:

Analysis and Assessment for Improvements to Current Reliability Standards
Assess New Reliability Performance Standards Field Trial Results
Analysis and Evaluation of New Metrics for New Performance Standards

Table-1 shows a summary of the uses and content for the Reports:

CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS



FERC Automated Reliability Reports (ARR) Project — Functional Specification

Table 2.1 - ARR Reports Content and Utilization Description

ARR Report Contents Description of Use of Content
Reports (Illustration)
= Reliability State Condition = Reliability Performance
—Normal, Alert, and Diagnostics
Daily Emergency = Management Reporting
(last 24 = Reliability Performance = |dentify Reliability
Hours) During Alert State Trends

= Interconnections response
during abnormal events

= Summary of Key = Evaluate Standards
Monthly, Performance Metrics Effectiveness
Seasonal, = Performance Adequacy = Identify Systemic Issues
Annual Relative to Targets and = Evaluate New Standards
Thresholds —Mietrics, Thresholds
= Interconnections Reliability and Field Trial
Performance Performance

3 ARR HARDWARE-SOFTWARE ARCHITECTURE OVERVIEW
3.1 Data Sources

Figure-2 shows the hardware-software architecture starting with flow of data from the NERC applications to
the ARR data server. The reports are distributed over the network to authorized users for access from their
PC’s. There are three required historical data sources: NERC 1-minute Resources Adequacy historical data,
NERC- Frequency Monitoring and Analysis (FMA) 1-second event Phasor historical data, and NERC
Intelligent Alarms historical data. The 1-minute historical data will include all three interconnections
frequency and Area Control Error (ACE), reliability performance metrics, and Frequency Response event
analyzer data. The 1-second phasor historical data will include Frequency Response events data and
corresponding frequency vs. time plots. The intelligent Alarms historical data will include FTL, FAL, and
FRL alarms. The system will be designed to accept grid and relay type data in the future.

3.2 Hardware Requirements

The ARR requires a data server to collect input historical data, create, distribute and archive in PDF-format
all reports types up to five years. Not data will be archived in the ARR server. This is a standard server class
computer. Users (clients) will need any desktop or notebook computer running Microsoft windows to access
the reports archived in the ARR server.

3.3 Data Flow, Data Communications and Data Collection and Dissemination Software Overview

Figure-2 shows that acquiring the required input data from NERC applications historical archived data to the
ARR server will be done via a secure internet base network, using a data collection service and a data
processor that will feed the ARR server to create and archive the reports. The distribution of reliability
reports to the clients will be done automatically using a report generator service and a secure internet
network via emails and on demand to user desktops and notebooks using pre-approved usernames and
passwords.

CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS
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FERC AUTOMATED RELIABILITY REPORTS (ARR)
HARDWARE-SOFTWARE ARCHITECTURE OVERVIEW
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Figure 3.1 — ARR Hardware-Software Architecture Overview
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4  USER INTERFACE

The user interface is made of two web displays: one for login and getting access to the ARR database, and a
second display to create and view last 24-hours reports, and to search, select and view in PDF-format
available and archived reports.

4.1 Login Display

This display will be use only by authorized users to get access to the ARR database using their assigned
username and password. See Figure 3. To access the login display users will click the ARR icon that will be
located on the users PC desktops by the ARR installation process. After entering username and password and
clicking the Login bottom, users will gain access to the ARR database and will be presented with the second
user interface display.

FERC Automated Reliability Reports (ARR), Release 1.0

ARR User Login

Time Zone Central b

Uszer Name

DAILY REPORT

YEARLY REPORT

Password

AUTOMATED
RELIABILITY
REPORTS (ARR)

A4

MONTHLY REPORT

SEASONAL REPORT If you encounter any difficulties while using
= == thiz applicstion, plesse cortact Support
at Electric Povver Group.

Electric Power Group, located in Pasadena, California
Tel (626)685-2015
Fax: (E26) 685-2039
cortact@electricposvergroup com

NERC — CERTS ¥ Electric Power Group

RELABILITY CoRRORATION Grid 3P. U.S. Patent 7.233.48
Electric Power Group, All Rights Reserved

Figure 4.1 — Login Display
4.2 Create - View Last 24-Hour Reports, and Search, Select and View Archived Reports
The display shown in Figure 4 will present users with the following capabilities:

» Clicking on any of the four rectangles for either report-type will set the right-panel to the
correct setup to show the available reports for the report-type selected

» Adaily report selection will set the right-panel to get and view the last 24-hour report

* Any report-type selection different from daily, will set the right panel to allow users to enter
a start and end date to reduce the search for reports to view, and

» Clicking in the name of one of the available reports will bring the selected report to view in
PDF-format

CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS
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FERC Automated Reliability Reports (ARR), Release 1.0 ARR Settings Help

Create and View Last 24-Hour Report

Available From: MM/DD/YY HH To: MM/DD/YY HH
[ create and View Last 24-Hour Report

DAILY REPORT

YEARLY REPORT

Daily Reports Available, Selection and View

Reports Available:
Daily From: MM/DD/YY HH To: MM/DD/YY HH

ARUTOMATED
RELIABILITY
REPORTS (ARR)

W

MONTHLY REPORT SEASONAL REPORT

Select Range:
Stat Date/Time | 3/31/2009  »| | 9 51:00AM =

EndDate/Time | 3/31/2009 | [10:51:00AM —

[ Get Reports for Selected Range:

Reports Selected: (Click to View in PDF Format)

03/30/2003 07:57.00 PM[STL] A
03/23/2003 11:37:00 PM[STL]
03/29/2009 06:14:00 AM[STL]
03/28/2009 08: 2300 PM[STL]
03/27/2003 08:11:00 PM[STL]
03/26/2003 02:08:00 AM[STL]
03/26/2003 03:53:00 AM[STL]
03/25/2009 09:03:00 PM[STL]
03/25/2009 04:06:00 AM[STL]
03/23/200911:23.00 AMISTLL ¥

CERTS 3 Electric Power Group
Grid 3P. U.S. Patent 7.233.48
Electric Power Group, All Rights Reserved

Figure 2.2 — Create-View Last 24-Hour Reports, and Select and View Archived Reports

) DAILY REPORT (LAST 24-HOURYS)

The objective of this report is to provide a summary of historical load-generation resource adequacy and
control performance for the three NERC interconnections known as the Eastern, Western and ERCOT. This
report will be automatically distributed after midnight via email distribution lists. Users can call the daily
report anytime of the day, and the system will collect the last 24-hours of data, create and make available in
PDF format the daily report including the following daily performance metrics:

*  Number of hours during the 24-hour period each interconnection was in the normal, alert,
and emergency states and the performance metrics during each state.

» Load-generation resource adequacy represented by the performance of CPS1-2, BAAL and
DCS reliability metrics compared to recommended limits and considering each
interconnection as only one Balancing Authority.

» The interconnections reliability performance during alert state compared to ACE-frequency
standards.

»  24-Hour circular plots showing load-generation adequacy represented by key reliability
performance metrics all aligned by hour.

»  24-Hour Xbar-R control plot for Epsilon RMS to compare with industry define performance
metrics

» For the largest event for each interconnection, frequency response, frequency time graph,
and the most probable root cause of the event.

CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS
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5.1 Daily Report (Last 24-Hours) — Criteria to Define Report Content

The criteria to define the daily report content was based on equivalent criteria to the one defined and in trial
by NERC Reliability Coordinators for load-generation adequacy alert levels shown at the bottom of Figure 5.

The mapping between ARR normal, alert and emergency states and NERC Reliability Coordinators Alert
Level definitions is as follows:

e ARR Normal Corresponds to Reliability Coordinators Normal Level
¢ ARR Alert Corresponds to Reliability Coordinators Alert Level 1
¢ ARR Emergency Corresponds to Reliability Coordinators Alert Level 2 and 3

The report shows the number of hours each interconnection stayed in each state, the performance metrics

during each state, and for the Alert state shows the frequency response and frequency-time graph for events
identified from FTL alarms or from the largest load-generation unbalance during the alert state.

Normal Performance
State Table Metrics Plots

Event
Frequency
Response

nterconnections

Stang Il_azlcl,lr%m Alert Performance
' State Table Metrics Plots
Alert,
Emergency

Event
Frequency-Time
Graph

Emergency
State Table

Performance
Metrics Plots

Normal Alert Emergency
( A \Y4 A N~ - ™
Rellablllty Coordinators E:ﬂiﬁﬁ‘“‘ Level e ormal Alert Level 1 [Alert Level 2 Alert Level 3
Load-Generation Condition Level ThweatLeyeloo fon e izl ek
Definition, mapped to ARR reports Colr_oorforeen el s
Normal, Alert, and Emergency R = L1 available L oad management
Rellablllty States Generating/capacity|Deficiencies iil:}ell:clzlznuse [procedures in effect

Figure 3.1 - Daily Report Content Definition Criteria

5.2 Daily Report Components Summary
Figure 6 shows the three components of the daily report.

o Load-generation reliability state tables comparing the three interconnections

e Load-generation performance metrics defined by industry and by load-generation process control
statistics for each interconnection

o Abnormal Frequency events identified from FTL alarms or from largest the largest load-generation
unbalance for each interconnection. The report shows the frequency response and a frequency-time
graph for the event.

CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS
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Reliability Perf. Industry & . E
State Tables Statistical Defined| | -2rgest Event

Alert * Reliability State

* CPS1-2 * Frequency Resp.
—3 + Epsilon L4 * Frequency-Time
* BAAL

—| « Normal Perform.
State « Alert Performance

nbeconsactuns Hur o Cpwsion i Eh Ry St

Normal
State Comparative Perform. Metrics
FTL or

1L}

Emergency
State

Daily
, Report .
(4-pages)
\/

Figure 5.2 — Daily Report Components Summary

5.3 Daily Report Layout Sample Template Using Data for December 1%, 2008

See Figure 7 for a sample template of the 2-column format for the daily report using real 2008 data. Each of
the report tables and graphs will be organized using a maximum number of 2-column pages with four
sections organized in a pre-defined sequence, and including brief textual descriptions for each table and chart
component. All reports will be created and archived in indexed PDF format. The daily report will be similar
in format to the current reports attached and broadcasted with the current NERC Intelligent Alarms. The
Report contains four sections:

+ Introduction

*  Summary Section

» Each Interconnection Resources Adequacy and Control Performance Section

» Each Interconnection Event from FTL alarms or Largest Load-Generation Event Section

The daily report shown in Figure 7 uses real data for December 1, 2008 for the summary tables from section
2, and to create the plots shown in sections 3 and 4. For the FTL or largest load-generation events
calculations and plots from section 4, data from the following date/time was used: Eastern 3/4/2009 7:02
AM, Western 7/28/2008 9:55AM, ERCOT 3/13/2008 9:15AM.

The final production daily reports will look very similar in format and content to the template shown in
Figure 7.

CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS
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INTERCONNECTIONS DAILY RELIABILITY REPORT

Report from: 04/01/09-7AM

to 04/02/09-7 AM (EDT) Page: 1

LINTRODUCTION

The objective of this report is to provide a summary of historical
load-generation resource adequacy and control performance for the
three NERC interconnections known as the Fastern, Western and
ERCOT. For each interconnection the report presents:

¢+ Section 2.1 the number of hours within a 24-hour period that
each interconnection was operating in the three reliability states’
(Normal, Alert, and Emergency) equivalent to the three alerts
defined and in frial by NERC Reliability Coordinators.

¢ Section 2.2 load-generation resource adequacy represented
by the performance of CPS1-2, BAAL and DCS reliability
mefrics compared to recommended limits and considering each
interconnection as only one Balancing Authority.

*  Seclions 2.3 the inferconnections reliability performance during
alert state compared to ACE-frequency standards.

¢ Section 3 24-Hour circular and statistical process control {(SPC)
plots showing in the circular the load-generation adecuacy
represented by key reliability performance metrics all aligned
by hour, and in the SPC the frequency deviation (Epsilon) RMS.

¢+ Section 4 for each FTIL alarm or the largest load-generation
unbalance event for each interconnection, the estimated
frequency response, and the 1-second frequency-time graph.

2. SUMMARY SECTION

2.1 Interconnections Reliabifity State Condition

The Western interconnection operated in a normal state. The Eastern
experienced alert states at 7:00 and 23 hours and ERCOT at hour 7.
The Eastern estimated energy imbalance at 7 AM was 1,681 MW.

Interconnections Hours of Operation in Each Reliability State
Intercon- | o pmaL ALERT EMERGENCY | Observations
nection
2-Hours Energy | Mo Customers Max Imbalance
Eastern 22 Imbalance Dropped 1681 hwy
Wiestern 24 Ma Energy
Imbalances
1-Hour Energy Mo Customers Event Data
ERCOT 23 Imbalance Dropped Mot Available

2.2 Interconnections Normal Stale Performance
The Eastern and ERCOT interconnecti ons under performedits CPS1-
2 and BAAL performance mefrics. Exception for CPS2, the Western

over performedits performance metric limits all hours.

Interc onnections 24-H ours P erformance Metrics - Actual vs Recommended
cPS2-Hour | CPS1-% Baal DCS Minutes
Dail Dail Exceeds to Retumn to
Intercon- ly ly Daily Homal
nection = = = . o
BC EC BC
hiax Actual Min Actual Wiax Actual Max Actual
Eagern |24 | 12 Jooo | s | o | s |5 5 | FhETaBad
Exceeded
Wiestern 24 k] 100 100 u] u] 15 crs2
E xcaeded
CP31-2, BAAL
ERCOT 24 19 100 76 u] 4 15 Exceeded

1 NERC Reliahility Coordinators Working Group, “Guideline for Operating State
Alert Levels,”, Response to August 2003 Blackout Recommendation, May 22, 2007

2.3 Interconnections Alert State Performance

The Eastern interconnection went into a alert state after an event that
caused the frequency to reach a minimum of 59.94 Hz, operating
below 59.95 Hz for approximately 5 minutes, and with an estimated
energy imbalance of -1,681 MW

Interconnections Alert State Performance Metrics
Frequency Frequency Frequency
Trigger Limit | Alert Limit Relay Limit
Intercon- Minutes Minutes Minutes
ti = - = Observations
. td. td.
Wat Actual Max Actual Max Actual
Eastemn 30 g 1 0 1 0 Mo ‘iolations
Wastern MO “iolations
ERCOT Mot Data Available

3. LOAD-GENERATION ADEQUACYAND CONTROL
PERFORMANCE FOR EACH INTERCONNECTION

3.1 Eastern Interconnection

The circular plot shows load-generation resources adequacy and
control marging under performed the recommended performance
metric (CPS2) threshold of 90-percent by 6-hours during the off-
peak period, and 6-hours during the on-peak period Itz adecuacy
variability performance (CPS1) under performed the recommended
threshold of 100-percent by 1-hour during on-peak and 1-hour
during off-peak. The difference between actual and schedule targeted
frequencies (Epsilon) under performed the standard threshold of 18
MHz by 3-hours during an off-peak period and by 1-hour during
on-peak. The interconnection NetACE limit (BAAL) was exceeded
4 times during on-peak and 1 time during off-peak periods.

Fig 1 - Eastern Load-Generation Adequacy Performance Metrics

The statistical process control (SPC) first chart shows the frequency
deviation mean violated its statistical upper control limit at hour 18

and was at the upper limit at hour 23. The SPC zecond chart shows

the frequency deviation variability did not violated its statistical

DISCLAIVER - Report is automatically generated by CERTS Automated Reliabilty Report application utilizing historical data frorm NERC. Provided solely for informational purposes
CONFIDENTIAL - Covered under MERC Data Canfidentiality Agreement

Figure 5.3.1 - Daily Report Template — Page 1
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INTERCONNECTIONS DAILY REVIABILITY REPORT

Report from: 04/01/09-7 AM

to 04/02/09-7TAM (EDT) Page: 2

Cont... Load-Generation Adequacy Eastern

upper/lower limits and the highest variability wag at hours 2AM and
7AM.

Eastern Epsilon [RMS] Statistical Process Control Xbar-R Chart

ot T

Ry

8 9 10M 121314151‘61?18192021222324
Hour

0,

12 3 45678 910111'12131415161718192021222321u
our

Fig 2 - Eastern Frequency Deviation (Epsilon) Performance

3.2 Western Interconnection

The circular plot shows load-generation resources adequacy and
control marging under performed the recommended performance
metric (CPS2) threshold of 90-percent by 3-hours during the off-peak
period. CP31 and frequency deviation (Epsilon) did not exceeded its
recommended thresholds. The NetACE BAAL performance metric
was within limits at all times.

13 12 11
Fig 3- Western Load-Generation Adequacy Perform ance Metrics

The first statistical process control (SPC) chart shows the frequency
deviation mean violated its statistical upper control limit at hours 7
and 22 and was at the upper limit at hour 23. The second SPC chart
shows the frequency deviation variability violated its statistical up-
per limit at hours 7 and 22 and it did not violated its statistical lower
limit.

I~ Western Epsilon [RMS] Statistical Process Control Xbar-R Chart
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Fig 4- Western Frequency Deviation {Epsilon) Performance

3.3 ERCOT Inferconnection

Load-generation resourcez adecquacy and control marging under
performed the recommended performance metric (CPS2) threshold
of 90-percent during all 24-hours except 1-hour during on-peak and
1-hour during off-peak. Its variability performance (CPS1) under
performed the recommended threshold by 1-hour during off-peak.
The difference between actual and schedule targeted frequencies
(Epsilon) under performed its standard threshold of 30 MHz by
3-hours during off-peak period. The interconnection NetACE
recommended limit was exceeded 2 hours during on-peak and 2
hours during off-peak.

22 2% Hourt

Hour 20 /
.

137, M
Fig5 - ERCOT Load-Generation Adegquacy Perform ance Metrics

The first statistical process control (SPC) chart shows the frequency
deviation mean violated its statistical upper control limit at hours
18, 23 and 24 and was at the lower limit at hour 3. The second SPC
chart shows the frequency deviation variability violated its statisti-
cal upper limit at hours 7 and 22 and it did not violated its statistical
lower limit. The frequency deviation mean violated its statistical
upper control limit at hours 23 and 24,and it did not violated its
statistical lower limit.
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INTERCONNECTIONS DAILY RELIABILITY REPORT

Report trom: 04/01/09-7AM

to 04/02/09-7AM (EDT) Page: 3

Cont...

Load-generation Adequacy ERCOT

ERCOT Epsilon [RMS] Statistical Process Control Xbar-R Chart
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Fig 6 - ERCOT Frequency Deviation (Epsilon) Performance

4. FTL OR LARGEST LOAD-GENERATION EVENT
DATA FOR EACH INTERCONNECTION

4.1 Eastern Event Data - Estimated Freguency Response

The largest frequency event had a load-generation mismatch of 1,681
MW, reached a lowest frequency of 59.941 Hz, and retumed back
to the target frequency of 60.00 Hz in about 5-minutes, below the
10-minute threshold established by the DCS reliability standard.

Intercennection Frequency Response For Largest Event Cale.
Evert Summary. Eastern, Date/Time: 34/2008 7.02:12 AM [EST] -
Frequency at PointA (Avg. of S-seconds grior to decline) = 59 968 [Hz] -
Frequency at: Point B = 59.943 [Hz], at Paint C = 52941 [Hz] -
Actual Met Interchange Immediately Before Disturbance (PointA) (W] -625
Actual Met Interchange Immediately After Disturbance (Poirt B M) 138
Change in Met Interchange [h] 943
Generation Lost Causing the Disturbance MW 1681
Interconnection Response (W] -738
FREQUENCY RESPONSE CALCULATION [WIW / 0.1Hz2] 2976

The interconnection responded to the largest frequency event with
an estimated frequency response of about 2,976 MW/0.1Hz over
performing the vearly committed value 0f2,100 MW /0.1 Hz.

4.2 Eastern Event Data- 1-Second Frequency Time Graplh

Event Frequency at points A, B, and C are shown in the frequency
response table. The frequency for this event dropped 0.021Hz
{point-A - pomt-C) and stabilized (point-B ) in 16 seconds.
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Fig 7 - Eastern FTL Event 1-Second Frequency-Time Graph
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4.3 Western Event Analysis - Freguency Response

The largest frequency event at 9:55AM had a load-generation
mismatch of 1608 MW, reached a lowest frequency of 59.925 He,
and returned back to the target frequency of 60.00 Hz in less than
1-minute, below the 10-minute threshold established by the DCS
reliability standard.

Interconnection Frequency Response For Largest Event Cale.

Event Summary Westem, Date/Time: 200//2009 11'26 00 AM [PDT) -
B0012 [H7) -

Frequency at Point & (4vg. of 5-seconds prior to decling) =

Frenuency at Paint B = 53 95 [Hz], at Poirt C = 53 923 [Hz] -
Actual Met Interchange Immediately Before Disturbance (Point A) [Myy] -82

Actual Met Interchange Immediately Ater Disturbance (P oint B) (W] 685
Change in Met Interchange [MW] 740
Generation Lost Causing the Disturbance [hiy] 1608
Irterconnection Response [My] -865
FREQUENCY RESPONSE CALCULATION [MW / 0.1Hz] 13

The interconnection responded to the largest frequency event with
an estimated frequency response of about 1131 MW/0.1Hz over
performing the vearly committed value of 1,100 MW /0.1 Hz.

4.4 Western Event Analysis - I-Second Freguency Time Graph
Event Frequency at points A, B, and C are shown i the frequency
regponse table. The frequency for thiz event dropped 0.0§3Hz
{point-A - point-C) and stabilized in 30 seconds (point-B ).
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Fig 8- Western FTL Event 1-Second Frequency-Time Graph
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Cornt.. FTL ar Largest Event ERCOT

4.5 ERCOT Event Analysis - Frosuency Hespouse
The largest frequency event o :15AN had a load generation

mismatch of 568 MW reached a lowest frequency of 59319 He
and rebarned back to the target freguency of 6000 Hz in dhoat
S-mitnates, below the 10-mimge threshold established oy the DCS
reliability statudatd,

ntercomnection Frequency Resporse For Largest Evert Cale.
Ewent Summary: Eastem, DatedTime : 20000 7:02:12 A [E5T]
Frequency at Paint A0%0. of Sseconds piorto dedine’ = 58968 Hz]
Frequency at: Point B = 59343 [He], at Point C =59 94 [Hz]
Aonal Met hterchange Immedigtely Before Distarbance (Point A ]
Aonsl Met hterchange Immedigtely After Disturbance (Point B i
Change in Mat Interchangs ]

Generation Lost Causing the Disturbance i bl
rtemonrection Resporse [iil] 668
FREQUENCY RESPONSE CALCULATION [MW #0.1He] 2]

The intercotmect on respotided to the largest frequency evert with
aty estimated frecuency response of abodt 649 MWD IHz over
petfiorming the yealy committed walues of 600 LTAW0 .1 Hz

4.6 ERCOT Fvent Analysis - I-Second Frosuency Tane Graph
Ewent Frequency at poinds & B, and C are shown in the frecquency
respotise table, The frecuency for this evert dropped 0.0Z27THz
(poirt-& - poird-C) and stabilizedin 17 seconds (point-B.

:
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Fig 5 ERCOT FTL Ewvent 1-Second Frequency-Time Graph

ENSCL AMIER - Report is aotomatically generated by CERTS Autorrated Reliabiity Faport application dilizing hizstonzal da@ fom MERC. Provded soely or informational purposes
COMEIDEN T L - Covered under NERC Data Confdentality Sgreement

Figure 5.3.4 - Daily Report Template — Page 4

CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS
16



FERC Automated Reliability Reports (ARR) Project — Functional Specification
6. MONTHLY REPORTS

6.1 Monthly Report — Contents and Uses

Equivalent to Figure-3 from secton-4.1 of the daily report, the monthly report will summarize each
interconnection reliability state, its corresponding performance metrics and the Frequency Response
events and most probable root-causes and recommendations for the month requested. Table-2 shows the
summary of the uses and content for the Monthly Reports.

Table 6.1 - ARR Monthly Reports Uses and Contents Summary

ARR Report Contents Description of Use of Content
Reports (lustration)
= Summary of Key = Evaluate Standards
Performance Metrics Effectiveness
= Performance Adequacy = |dentify Systemic Issues
Monthly Relative to Targets and = Evaluate New Standards
Thresholds —Metrics, Thresholds
* Interconnections and Field Trial
Performance Performance

Each of the 12 Monthly Reports of a year will be automatically distributed after midnight of the last day
of each month via email distribution lists. Users can also call any day/time any of the past archived
monthly reports using the ARR home-page. The system will display the requested PDF-formatted
monthly report including the following monthly performance metrics:

*  Number of days during the month each interconnection was in the normal, alert, and
emergency states.
»  Number of exceeds and violations during the requested month of the thresholds for each
of the following performance metrics: : Control Performance Standard 1 (CPS1), :
Control Performance Standard 2 (CPS2), Balancing Area ACE Limit (BAAL), and
Disturbance Control Standard (DCS)
» Frequency Response events for each interconnection, and statistical base performance
metrics indicating most possible root-causes
6.2 Monthly Report Layout Template
Similar to Figure 7.
7. SEASONAL REPORTS
7.1 Seasonal Report — Content and Uses
7.2 Seasonal Report Layout Template

Similar to Figure 7.

8. ANNUAL REPORTS

CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS
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8.1 Annual Report — Objectives, Content and Uses

The objective of this report is to provide a summary of historical reliability performance for load-
generation resource adequacy for the three NERC interconnections known as Eastern, Western and
ERCOT.

The Annual Reports will address the following functional objectives:

»  Annual summary for each interconnection

»  Comparison of performance for the three interconnections for different performance
metrics such as frequency bias and frequency response in terms of number and type of
abnormal load-generation events

» Load-generation events statistics for each interconnection for frequency related metrics,
including actual frequency, frequency deviation, frequency response and the number of
large and small low and high frequency

» Yearly performance of key reliability metrics relative to targets and thresholds

»  Hour-type, day-of-week and monthly reliability performance using key statistics of load-
generation process control

» Correlation between load-generation abnormal events and reliability metrics
performance

Table-3 shows the summary of the uses and content for the Annual Reports

Table 8.1 - ARR Annual Reports Uses and Contents Summary

ARR Report Contents Description of Use of Content
Reports (IMustration)
= Count and duration for = Evaluate Standards
frequency low/high events Effectiveness
= Summary of Key = Identify Systemic Issues
Performance Metrics = Evaluate New Standards
Annual = Performance Adequacy —Metrics, Thresholds
Relative to Targets and and Field Trial
Thresholds Performance
= Interconnections
Performance

Annual Reports will be automatically distributed after midnight of each December 31 via email
distribution lists. Users can also call any day/time any of the past archived annual reports using the ARR
home-page. The system will display the requested PDF formatted annual report.

8.2 Annual Report Components
Figure 8 shows the components of the annual report.

Load-generation events comparing the three interconnections
Industry defined metrics comparing the three interconnections
Load-generation events for each interconnection

Industry defined metrics for each interconnection

Statistical defined metrics for each interconnection

CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS
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Interconnections Each
Comparison Interconnection
v ! ' v '
Comparison of Comparison of Metrics |Load-Gen Metrics Metrics

Load-Generation Events Industry Defined Events | |Industry Defined| | Statistical Def.
* Large Low-High Frequency | ¢ Frequency Patterns (Equ.:.\:)alem * Frequency + Xbar-R Charts
 Small Frequency Events * CPS1-2 Comparison) | | * CPS1-2 Hourly, Daily,

* 1-Minute Duration Events * Epsilon

* 4-Minute Duration Events

* Frequency Bias

* Frequency Response L E

* Epsilon
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Figure 4.1 — Annual Report Components

+ Introduction

*  Summary Section

» Comparative Performance of Interconnections Load-Generation Adequacy Section

» Performance for Each Interconnection Load-Generation Adequacy Section

» Resources Adequacy Performance Metrics Section

» Interconnections Reliability Performance Using Key Statistics from the Load-Generation
Process Control Section

8.3 Annual Report Layout Sample Template Using 2008 Data

CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS

See Figure 9 for a sample template of the 2-column format for the yearly report using 2008 data for the
three interconnections. Each of the report tables and graphs will be organized using 2-column pages in a
pre-defined sequence, and including detail textual descriptions for the major observations, conclusions
and recommendations from each yearly table and chart component. See Figure 9 for a sample of an
equivalent layout. All reports will be created and archived in indexed PDF format. The annual report
contains the following six sections:

The annual report shown in Figure 9 uses real data for 2008 from the three interconnections to produce
the charts from sections 3 to 6. The final production yearly reports will look very similar in format and
content to the template shown in Figure 9.
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INTERCONNECTIONS ANNUAL RELIABILITY REPORT

Report tor: Year 2008
Page: 1

1. INTRODUCTION

The objective of this report is to provide a summary of historical
reliability performance for load-generation resource adequacy for
the three NERC interconnections known as Eastern, Western and
ERCOT. Figure-1 shows the framework for load-generation events,
tetries,, data and charts on reliability performance which are
presented in this report

REFPORT
RELIABILITY PERFORMANCE
METRICS

| |

Yearly Number and “early Performance Yearky Reliatility
Criticality of of Reliahility Metrics Performance with
Large and Small Relative to Industry Metrics Base on
Load-Generation Established Targets Statistics from
Ahnomal Events and Thresholds Process Contral

L

Correlation Between
Load-Generation

# Events and

Reliability Metrics
Ferformance

Fig.1 - Report Framework

*  Section-2 presents annual summary for each interc onnection

*  Section-3 presents comparison of performance for the three
interconnections for different performance metrics such as
frequency bias and frequency response in terms of number and
type of abnormal load-generation events

+  Section 4 presents the performance for each interconnection for
different reliability performance metries such as frequency bias
and response in terms of number and type of abnormal load-
generation events.

+  Section 5 presents interconnections comparison of yearly
performance of key reliability metrics relative to targets and
thresholds

+  Section 6 presents yearly performance of key reliability metrics
relative to targets and threshol ds for each interconnection

+  Section 7 presents hour-type, day-of-week and monthly
reliability performance using key statistics of load-generation
process control for each interconnection

+  Section 8 presents correlation betweenload-generation abnormal
events and reliability metries performance

This report provides the data, facts, figures and charts that are
available from historical archived NERC data databases. The report
provides a starting point for analyzing:

+  Comparative reliability performance among the three NERC
interconnections

+  Identification of key trends in reliability performance

«  Assessment of reliability performance relative to industry
established thresholds and standards where applicable

+  Comparative performance between raditional reliability
performance metries base in industry established thresholds, and
equivalent performance metrics based in statistics using load-
generation process control data.

+  Assessment of current load-generation reliability performance
standards or need for new standards

+  Identify and quantify areas requiring corrective performance for
reliability improvements, for example, hours 22 and 23 load-
generation resources adequacy issue.

2. SUMMARY SECTION

E astern Interconmection

The number of large low and high frequency events during 2008
decreased to 790 and 410, from 1090 and 680 in 2007 and 5-vear
averages of 932 and 375. The number of small low plus high
frequency events during 2008 increased to 520 from 380 in 2007
and a 3-year average of 392, The number of abnormal frequency
events of 1-minute duration are an indicator of frequency response
performance. Abnormal 1-minute duration frequency events during
2008 decreased to 275 from 320 in 2007 and 3-year average of 253.
The number of abnormal frequency events of 4-minute duration are
an indieator of Automatic Generation Control (A GC) performance.
The 4-minute frequency events during 2008 decrease to 27 from 28
in 2007 and a 5-year average of 31.

The interconnection frequency bias for large low frequency events
during the off-peak period during 2008 inereased to 6000 MW/0.1
Hz from 5600 MW/0.1 Hz in 2007, with a five year average of 5480
MW/0.1 Hz, and an expected value for 2008 of 6800 MW/0.1 Hz.
The interconnection generators frequency response for large low
frequency events during 2008 decreased to 1100 MW/0.1 Hz from
1700 MW/0.1 Hz in 2007 and a five year average of 1790 MW/0.1
Hz.

The CPS81 reliability performance metric for 2008 decreased to 138%
percent from 140% in 2007; and 5 year average of 145%. A decline
in CPS1 is an indicator of inerease load-gencration adequacy and
control variability. The CPS1 threshold is 100%. The CP52 reliability
performance metric for 2008 decreased to 70% from 72% in 2007;
and 5-year average of 73%. The CPS52 threshold is 90%. A decline
in CPS2 is an indicator load-generation and reserves inadequacies.
The frequency deviation (Epsilon performance metric) mean during
2008 decreased to 15 MHz, from 15.5 MHz in 2007 and below the
standard threshold of 18 MHz.

Statistical analysis of monthly frequency deviation (Epsilon
performance metric) shows that RMS mean performance during May
was above the acceptable statistical limit, an indicator of poor load-
generation adequacy and control performance, and that the RMS
mean performance during November and December was below the
statistical limit, an indicator of load-generation ade quacy and control
improvements.

Statistical analysis of hourly frequency deviation (Epsilon
performance metric) shows that the RMS mean for hours 23 and 24
is above the statistical limit, an indicator of load-generation resource
imbalances.

Western Interconnection

The number of large low and high frequency events during 2008
deercased to 790 and 410, from 1090 and 680 in 2007 and 5-year
averages of 932 and 575. The number of small low plus high
frequency events during 2008 increased to 520 from 380 in 2007
and a S-year average of 392, The number of abnormal frequenecy
events of 1-minute duration are an indicator of frequenecy response
performance. Abnormal 1-minute duration frequency events during
2008 decreased to 275 from 320 in 2007 and 5-year average of 253.

DISCLAIVER - Report is generated autornatically by CERTS Aotomated Reliability Report application utilizing historical data from NERC. Provided solely for informational purposes
CONFIDENTIAL - Covered under NERC Data Confidentiality Agreement
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INTERCONNECTIONS ANNUAL RELIABILITY REPORT

Report for: Year 2008
Page: 2

Cont..Western Interconnection

The number of abnormal frequency events of 4-minute duration are
an indicator of Automatic Generation Control (AGC) performance.
The 4-minute frequency events during 2008 decrease to 27 from 28
in 2007 and a 5-year average of 31.

The interconnection frequency bias for large low frequency events
during the off-peak period during 2008 increased to 6000 MW/0.1
Hz from 3600 MW/0.1 Hz in 2007, with a five year average of 5480
MW/0.1 Hz, and an expected value for 2008 of 6800 MW/0.1 Hz.
The interconnection generators frequency response for large low
frequency events during 2008 decreased to 1100 MW/0.1 Hz from
1700 MW/0.1 Hz in 2007 and a five year average of 1790 MW/0.1
Hz.

The CPS1 relhiability performance metric for 2008 decreased to
138% percent from 140% in 2007, and 5 vear average of 145%. A
decline in CPS1 is an indicator of increase load-generation control
variability. The CPS2 reliability performance metric for 2008
decreased to 70% from 72% in 2007, and 3-year average of 73%.
The frequency deviation (Epsilon performance metric) mean during
2008 decreased to 15 MHz, from 15.5 MHz in 2007 and below the
standard threshold of 18 MHz.

Statistical analysis of monthly frequency deviation (Epsilon
performance metric) shows that RMS mean performance during May
was above the acceptable statistical limit, an indicator of poor load-
generation adequacy and control performance, and that the RMS
mean performance during November and December was below the
statistical limit, an indicator of very good load-generation adequacy
and control.

Statistical analysis of howly frequency deviation (Epsilon
performance metric) shows that the RMS mean for hours 23 and 24
is above the statistical limit, an indicator of load-generation resource
imbalances.

ERCOT Interconnection

The number of large low and high frequency events during 2008
decreased to 790 and 410, from 1090 and 680 in 2007 and 5-year
averages of 932 and 3575. The number of small low plus high
frequency events during 2008 increased to 520 from 380 in 2007
and a 5-year average of 392. The number of abnormal frequency
events of l-minute duration are an indicator of frequency response
performance. Abnormal 1-minute duration frequency events during
2008 decreased to 275 from 320 in 2007 and 5-year average of 253.
The number of abnormal frequency events of 4-minute duration are
an indicator of Automatic Generation Control (AGC) performance.
The 4-minute frequency events during 2008 decrease to 27 from 28
in 2007 and a 5-year average of 31.

The interconnection frequency bias for large low frequency events
during the off-peak period during 2008 increased to 6000 MW/0.1
Hz from 5600 MW/0.1 Hz in 2007, with a five year average of 5480
MW/0.1 Hz, and an expected value for 2008 of 6800 M'W/0.1 Hz.
The interconnection generators frequency response for large low
frequency events during 2008 decreased to 1100 MW/0.1 Hz from

1700 MW/0.1 Hz in 2007 and a five year average of 1790 MW/0.1
Hz.

The CPS1 reliability performance metric for 2008 decreased to 138%
percent from 140% in 2007, and 3 year average of 145%. A decline
in CPS1 is an indicator of increase load-generation adequacy and
control variability. The CPS1 threshold is 100%. The CPS2 reliability
performance metric for 2008 decreased to 70% from 72% in 2007,
and S-year average of 73%. The CPS2 threshold is 90%. A decline
in CPS2 is an indicator load-generation and reserves inadequacies.
The frequency deviation (Epsilon performance metric) mean during
2008 decreased to 15 MHz, from 13.5 MHz in 2007 and below the
standard threshold of 18 MHz.

Statistical analysis of monthly frequency deviation (Epsilon
performance metric) shows that RMS mean performance dunng May
was above the acceptable statistical limit, an indicator of poor load-
generation adequacy and control performance, and that the RMS
mean performance during November and December was below the
statistical limit, an indicator of load-generation adequacy and control
improvements.

Statistical analysis of howly frequency deviation (Epsilon
performance metric) shows that the RMS mean for hours 23 and 24
is above the statistical limit, an indicator of load-generation resource
imbalances.

3. COMPARATIVE PERFORMANCE OF
INTERCONNECTIONS LOAD-GENERATION
ADEQUACY

3.1 Interconnections Large Low and High Frequency Events
Performance

During the 2006-2008 period the number of large low-frequency
events (39.95 Hz and below for Eastern, 59.90 for Western and 59.80
for ERCOT) in the Eastern and ERCOT interconnection were a
factor of about 10 when compare with the Western interconnection.
The Eastern number of events during 2008 was 790 with an average
of 928 for the last five years. The increasing trend for the Eastern
and ERCOT reversed in 2008, and the western continued with an
increasing trend.
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Fig.2 - Interconnections Large Low-Frequency Events
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INTERCONNECTIONS ANNUAL RELIABILITY REPORT

Report for: Year 2008
Page: 3

Cont.. Comparative Performance of Interconnections

During the 2006-2008 period the number of large high-frequency
events (60.05 Hz and above for Eastern, 60.07 for Western and
60.068 for ERCOT) in the Eastern interconnection was a factor of
about 6 when compare with the Western interconnection. The Eastern
number of events during 2008 was 400 with an average of 928 for
the last five years. The increasing trend for the Eastern and ERCOT
reversed in 2008, and the western continued with an increasing trend
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Fig. 3 - Interconnections Large High-Frequency Events
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3.2 Interconnections Small Events Performance - Frequency
Excursions Above or Below +/- 0.035 Hz

During the 2006-2008 period the number 1-minute delta frequencies
greater than 0.036 Hz for ERCOT were a factor of about 3.5 when
compare with the Eastern interconnection, and about 10 when
compare with the Western interconmnection. The trend for the number
of 1-minute frequency events greater than 0.036 Hz increased for all
three interconnections during 2008, also increased for Western and
ERCOT during 2007, but decreased in Eastern during 2007.
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Fig. 4 - Interconnections Small Low-High Frequency Events

Number of Small Low-High
Frequency [+/- 35 MHz] Events
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3.3 Interconnections Large Low Frequency Events With
Duration Less Than 1-Minuite

Low frequency events less than 1-minute can be use as an indicator
of interconnection frequency response adequacy. ERCOT number of

low frequency events with 1-minute duration were about a factor
of 8 when compare with Eastern and a factor of 20 when compared
with Western. The 1-minute events trend increased during 2008 for
Western and ERCOT, and decreased for Eastern.
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Fig. § -Interconnections Low Frequency Events 1-Minute Duration

3.4 Interconnections Large Low Frequency Events With
Duration Greater Thait 4-Minutes

Low frequency greater than 4-mimutes can be use as an indicator of
Automatic Generation Control (AGC) adequacy. ERCOT number of
low frequency events with 4-minute duration were about a factor of
4 when compare with Eastern and a factor of 40 when compared with
Western. The 4-minute duration events trend decreased during 2008
for Eastern and ERCOT, and increased for Western.
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Fig.6 - Interconnections Low Frequency Events 4-Minute Duration

3.5 Interconnections Frequency Bias For Large Low
Frequency Events During Off-Peak

During 2008 the calculated frequency bias during low frequency
events increased in the Eastern and stayed almost flat for the Western
and ERCOT. ERCOT operated very close to the 2008 committed
frequency bias, Western with a margin of about 25-percent, and
Eastern with about a 30-percent margin.
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Fig. 7 - Frequency Bias for Large low-Frequency Events On-Peak

3.6 Inferconnections Frequency Bias During Large High
Frequency Events

During 2008 the calculated frequency bias during high frequency
events increased in Western and ERCOT and decreased in Eastern.
Western operated above the 2008 committed frequency bias, ERCOT
operated almost at the committed bias, and Eastern operated below
the committed frequency bias.
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Fig.8 - Frequency Bias for Large High-Frequency Events Off-Peak

3.7 Inferconnections Frequency Response During Large
Low Frequency Events

(Continue research to collect and analyze the three interconnections
2007 large frequency events data to identify, calculate and graph
interconnections frequency response).
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Fig. 9 - Frequency Response for Large Low Frequency Events

4. EACH INTERCONNECTION LOAD-GENERATION
ADEQUACY PERFORMANCE

4.1 Eastern Interconnection Frequency Patterns and Trend
During 2008 the interconnection operated with the lowest frequency
variability in the last five years. Very low and high frequency
extremes increased when compared with 2007. Frequencies below
5995 Hz decreased when compared with 2007, and frequencies
above 60.05 Hz increased when compared with 2007,
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Fig.10 - Eastern Frequency Pattern and Trend

2003 2004

4.2 Eastern Interconnection Frequency Deviation Trend
During 2008 there was a reduction in frequency deviation (actual
frequency - targeted scheduled frequency), a tumning point from
the increasing rate of 0.002 MHz per year from 2005 to 2007.
The interconnection has operated during the last five years with a
frequency deviation median around 0.016 MHz below the standard
threshold of 0.018 MHz.
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Fig.11 - Eastem Frequency Deviation Pattern and Trend

4.3 Eastern Interconnection Low/High Frequency Events
During 2008 there was a reduction of about 20-percent in the number
oflow frequency events (below 59.95 Hz), and an decraease of about
60-percent in the number of high frequency events (above 60.05 Hz)
when compared with 2007,

The increasing rate of 35 low frequency excursions per year from
2003 to 2006 started decreasing at a rate of 80 low excusrions per
year from 2006 to 2008. There is not a distinct trend for the number
of high frequency events.
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4.4 Eastern Interconnection Small Frequency Excursions
During 2008 there was an increase of 30-percent in the number of
small frequency excursions (larger than 0.035 HZ between two
consequtive minutes) when compared with a decrease of about
50-percent in 2007. The number of small frequency excursions has
been increaging at a rate of 60 excursions per year gince 2004.
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Fig.13 - Eastern Small Frequency Events

4.5 Eastern Interconnection Frequency Events Duration
Frequency events with durations from 1 to 3 minutes are indicative
of interconnections frequency response adequacy. During 2008 there
was areduction in the mumber of events with durations of 3 minutes
or lesg. The increasing rate of 29 3-minute events per vear started
reversing at 2006 at a decreasing rate of 23 events per year. The
increasing rate of 20 and 9 events per year from 2003 to 2007 with 2
and 1 minute durations reversed to a decreasing trend in 2008.
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Fig.14 - Eastern Frequency Events 1, 2, 3 Minute Duration

Frequency events with durations from 4 to 7 mimutes are indicative
of interconnections Automatic Generation Control (AGC) adequacy.
During 2008 there was a reduction in the number of events with
durations of 4, 5, and 7 minutes. The decresing rate of the number
of 4-mimute events continued during 2008 at a rate of 5 events per
year. The decresing rate of the number of 5-minute events continued
during 2008 at a rate of 2 events per year. durations reversed to a
decreasing trend in 2008. Only 3 events with duration of 7 minutes
occured during 2008 compared with 6 in 2007. Events with
6-minutes duration incrased to 3 during 2008.
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Fig.15 - Eastern Frequency Events 4, 5, 6, 7 Minute Duration

4.6 Eastern Interconnection Fregueincy Respounse
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Fig.16 - Eastem Frequency Response

4.7 Western Interconnection Frequency Trends
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Fig.17 - Westem Frequency Pattern and Trend

4.8 Western Interconnection Frequency Deviation Trend
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4.9 Western Interconnection Low/High Frequency Events
Santi berat officimpel iligenti odiciet facient iusapel et eatem et quo
id eostiae veliasp erfereped quaspiderum soluptasi sam dolendani
dunt as ini deles aut fugitate mint ipidemp oribusd aepudantur, adi
delis modis mod ma pere con pe pernam ilis aborectatem quo te
nostis voluptatia volorerum, volo blab id quianto coria core volor
archillab int odit ut eicitemporem voluptaque por sin re volutem
dolorec toremperum aut di ut quam recus etur mo ium as apercimodis
sunt utenimaximin consequod et maxime ilia consequam evel
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4. 10 Western Interconnection 1-Mimite Frequency Delta
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4.11 Western Interconnection I'requency Events Durations

Optam aut molorum et endae reped undempo rehenit et quos
ex exerrore por si voluptatus es vel inum, odit faccull enesti
nam, que porporione nisquid undit minus esciis doluptatur
reratem ut es que con et imillibus aute dolorem porunt vit
pernatus et voluptam is moluptam doluptat ma volorrupti
dolorpores et quam sum facit ut re nulpa ilitam fugias ea qui

5 =#=1-Minute Duration “*# 2-Minute Duration =#=3-Minute Duration

-y
o

=
L]

w
2

N
L)

L]
o

=2
o

Western Interconnection
Number of Low Frequency (59.95 Hz) Events

-

1 L 1 1
2%03 2004 2005 2006 2007 2008

ear
Fig.21 -Westem Frequency Events 1, 2, 3 Minute Duration

Lis quam ut a diatureri ut rerchit endant quat quam remos et,
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4.12 Western Interconnection Frequency Response
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4.13 ERCOT Interconnection Frequency Trend
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Fig.24 - ERCOT Frequency Pattern and Trend

4.14 ERCOT Interconnection Frequency Deviation Trend
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Fig.26 - ERCOT Large Low - High Frequency Events

4.16 ERCOT Interconnection 1-Minute Fregquency Delta
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4,17 ERCOT Interconnection Frequency Events Durations
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Fig.28 - ERCOT Frequency Events 1, 2, 3 Minute Duration
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Fig.29 - ERCOT Frequency Events 4, 5, 6, 7 Minute Duration

4.18 ERCOT Interconnection Frequency Response
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Fig.30 - ERCOT Frequency Response

5 COMPARATIVE PERFORMANCE F OR
INTERCONNECTIONS RELIABILITYMETRICS

5.1 Interconnections CPS1 Trend

During 2008 there was a reduction in frequency variability when
compared with 2007. Extreme frequency excursions were also
reduced. The reason of these reductions could be the lower economic
activity when compared with 2007.
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Fig.31 - Interconnections CPS1 Trend

3.2 Interconnections CPS2 Trend
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Fig.32 - Interconnections CPS2 Trend

3.3 Interconnections Epsilon Trend
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Fig.33 - Interconnections Epsilon Trend

2'303 2004

3.4 Interconnections CPS1 Monthly Trend
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Fig.34 - Interconnections CPS1 Monthly Trend

3.5 Interconnections CPS2 Monthly Trend
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Fig.35 - Interconnections CPS2 Monthly Trend

6. EACH INTERCONNECTION RELIABILITY METRICS
PERFORMANCE

6.1 Eastern Interconnections CPS1 Trend
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6.2 Eastern Interconnections CPS2Trend
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6.3 Eastern Interconnections Epsilon Trend
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6.4 Eastern Interconnections 1-Minute Frequency Delta
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6.5 Western Interconnections CPS1 Trend
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6.6 Western Interconnections CPS2 Trend
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6.7 Western Interconnections Epsilon Trend
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6.8 Western Interconnections 1-Minite Frequency Delta
Igendipid minction renimpore vel ilite vel ea pe nost, que simus.
Mil ea vel ipsandit maximilit, qui inti quodist lam lanimpo riberi
dolore, occus dia qui consed endit landaeperro to et autemo imusdam
sum es maxim ant harum experum licabo. Im rempel mo et estiis

DISCLAIMER - Report is generated automatically by CERTS Automated Reliability Report application utilizing historical data from NERC. Provided solely for informational purposes
CONFIDENTIAL - Covered under NERC Data Confidentiality Agreement

Figure 8.3.12 — Annual Report Template — Page 12

CONFIDENTIAL: Do Not Distribute Without Written Authorization from FERC, NERC, DOE and CERTS

31



FERC Automated Reliability Reports (ARR) Project — Functional Specification

INTERCONNECTIONS ANNUAL RELIABILITY REPORT

Report for: Year 2008

Page: 13
Cont...Resources Adequacy Performance Metrics 100
)

380 . . g 95
= =
& goCRS2Standard Threshold | _ _ e -
300 ~ '
£ o
3 p S 85 |
o =
> 80-
£ g
< c
s g b —
g E]

c

H = 70— . . H i

180 -
8
% x 65
£ 100 w
- | “*Weslen

2008 2004 2008 2008 2007 2008 B0z 2004 2005 2006 2007 2008

Year

Fig.43- Westem 1-Minute Frequency Delta Trend

6.9 ERCOT Interconnections CPS1 Trend
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6.12 ERCOT Interconnections 1-Minute Frequency Delta
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7. EACH INTERCONNECTION RELIABILITY
PERFORMANCE USING FREQUENCY DEVIATION
(EPSTLON) WITH STATISTICAL CONTROL CHARTS

The 1-Minute frequency deviation or Epsilon (actual - scheduled
frequency) was selected as the mefric to use to identify load-
generation adequacy and control performance uszing kev statistics
from the load-generation process control. The Xbar-R Statistical
Process Control (SPC) chart isuse to present Epsilon performance for
the 2008 hour-type, day-of-week and month for each interconnection.

7.1 Eastern Interconnection Hour-Type Performance
The Eastern hourly SPC charts show that RMS mean performance
during hours 7, 23 and 24 were above the mean upper UCL limit an
indicator of inadecuate load-generation resource imbalances.

Eastern Xbar-R Chart for Epslion [RMS] Values by Hour-Type Using Hourly Data for 2008
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Fig.48 - Eastern 2008 Hourly-Type Performance

7.2 Eastern Interconnection Day-Type Performance

The Eastern daily SPC charts show that RMS range performance
on Wednesadys was above the upper limit UCL, and indicator of
inadecuate load-generation and control variability.

Eastern Abar-R Chart for Epsilon [RMS] by Day-of Week Using Dally Data for 2008
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Fig.49 - Eastern 2008 Day-Type Performance

7.3 Eastern Interconnection Monihly Performance

The Eastern monthly SPC charts show that RMS mean performance
during May was above the acceptable statistical limit, an indicator of
poor load-generation adequacy and control performance, and that the
RMS mean performance during November and December was below
the statistical limit, an indicator of load-generation adecuacy and
control improvements.

Eastern Xbar-R Chart for Epsilon [RMS] Values by Month Using Daily Data for 2008
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Fig.50 - Eastern 2008 Monthly Perform ance
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7.4 Western Interconnection Hour-Type Performance

The Western houtly SPC charts show that RMS range performance
for hours 12 and 14 was above the upper limit UCL, and indicator of
inadequate load- generation and control variability.

Western Xbar-R Chart for Epsilon [RMS] Values by Hour-Type Using Hourly Data for 2008
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Fig.51 - Western 2008 Hour-Type Performance
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7.5 Western Interconnection Daily-Type Performance
The Western SPC charts show all day-types durmg 2008 remained
within the upper and lower UCL and LCL control limits

Western XbarR Chart for Epsilon [RMS] by Day-of-Week Using Daily Data for 2008
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Fig.52 - Western 2008 Daily-Type Performance

7.6 Western Interconnection Monthly Performance

The Western monthly SPC charts show that RMS mean performance
during Juen, August and September were above the acceptable
statistical limit, an indicator of poor load-generation adequacy and
control performance, and that the RMS range performance during
May and August were below the statistical imit, an indicator of
inadequate load-generation adequacy and control variability.

Western Xbar-R Chart for Epsilon [RMS] Values by Month Using Daily Data for 2008
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Fig.53 - Western 2008 Monthly Performance

7.7 ERCOT Interconnection Hour-Type Performance
he ERCOT SPC charts show all hourly-types during 2008 remained
within the upper and lower UCL and LCL control limits

ERCOT Xbar-R Chart for Epsilon [RMS] Values by Hour-Type Using Hourly Data for 2008
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Fig.54 - ERCOT 2008 Hour-Type Performance

7.8 ERCOT Interconnection Day-Type Performance

The ERCOT daily SPC charts show that RMS range performance
for thursdays was above the upper limit UCL, and indicator of
madequate load-generation and control variability.

ERCOT Xbar R Chart for Epsilon [RMS] by Day-of-Week Using Daily Data for 2008
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Fig.55 - ERCOT 2008 Day-Type Performance

7.9 ERCOT Interconnection Monthly Performance

The ERCOT monthly SPC charts show that RMS mean performance
during February, March, May and September were above the
acceptable statistical limit, an indicator of poor load-generation
adequacy and control performance, and that the RMS mean
performance during July, November and December were below the
statistical limit, an indicator of load-generation adequacy and control
improvements.

ERCOT Xbar-R Chart for Epsilon [RMS] Values by Month Using Daily Data for 2008
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Fig.56 - ERCOT 2008 Monthly Performance
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9. IMPLEMENTATION PLAN AND SCHEDULE

9.1 Time-Table

The following table lists all the major development activities and provides an estimated completion date

given that major development will begin March 27, 2009.

For prototype testing and field testing of ARR at FERC, data will be accessed from the NERC data base

and CERTS/EPG applications as is being done at present.

Table 9.1 - ARR Development Time Table

Development Activity

| Est. Comp. Date

version. To be defined by FERC-NERC

1 Functional Specification Approved 3/27/2009

2 Database Schema 3/27/2009

3 Data Collection Service 4/10/2009

4 Daily Report and Framework 4/24/2009

5 Monthly Report 5/15/2009

6 Seasonal Report 5/22/2009

7 Yearly Report 5/22/2009

8 Email Service 4/17/2009

9 Web Site 4/24/2009
10 Install Services at NERC TBD by NERC
11 FAT Daily Reports 5/01/2009
12 FAT All Reports

13 Client Installation at Users Site TBD by FERC
14 | Delivery, Field Test, Training at FERC 6/12/2009
15 | Production Server at NERC TBD by NERC
16 | Future Support and Maintenance for production 8/29/09
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ATTACHMENT-A

SOFTWARE SYSTEM COMPONENTS

1. Overview

The Automated Reliability Reports (ARR) system is a series of software components that are designed to
gather data from various locations, store the data in a local database, compile the analysis of the data into
a PDF report, and send the report to users via email. There will also be a website to allow the users to
request historical reports as well as generate a report for the current day. The main software components
of this system are a) the Database that will house the all data. b) The Data Collection service that will
download all the data from the various sources on a daily bases. ¢) The Report Generator which contains
the logic and intelligence for producing the report and storing it in PDF form. d) The Email service that
will send the report to each user. €) The new website that will allow users to request the reports directly.

2.

2.1

3.1

3.2

3.3

3.4

3.5

4.1

5.1

ARR Database

The database will be created using Microsoft SQL Server 2005. It will store up to 5 years of data.
The design of the database will be centered on the data components necessary to create the daily
reports. These data components include SCADA Data from NERC, Intelligent Alarms, and
Frequency Events data from the FMA system.

ARR Data Collection

The Data Collection service is a Windows Service that is designed to run autonomously once per
day to do the following:

It will connect to NERC via a Web Service to download the necessary SCADA data for each
Interconnection.

It will connect to the Intelligent Alarm database via a Web Service to download any BAAL
alarms that may have occurred in the last 24 hours.

For each BAAL alarm, this service will connect to the FMA database and download the
Frequency Event data.

The daily data will server as a base for calculating data for the Monthly, Seasonal, and Yearly
reports. This service will be designed with an automatic recovery system to help contend with data
being unavailable. This recovery system will include logging each failure to the Event manager,
emailing the failure to the System Administrator, and trying to download the again within an hour
or so.

ARR Report Generator

The Report Generator is a Windows Service that will on a daily basis extract the data stored in the
ARR Database and generates the Daily Report by adding in the required intelligent text, tables,
graphs, and analysis. The Service will also create the Monthly, Seasonal, and Yearly reports at a
predetermined time. It will store the report in “Portable Document Format” (PDF) and save it on the
server. This service will log its progress in the Event manager where it can be monitored by the
System Administrator.

ARR Email Service

The Email Service is a Windows Service designed to work with the Microsoft SMTP service
available on the server. This service will on a daily basis, download a list of pre-authorized users
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email addresses from the ARR Database, generate the email message with the appropriate text in
the subject and body, attach the PDF report, place, and email it to all the users individually.

5.2 This service will be configured with a valid domain name and return email address to avoid issues
such as “SPAM”.

6. ARR Website

6.1 The website will be a secure portal for pre-authorized users to request archived reports as well as
generate new reports for the current date and time. To access the website, each user will be
assigned a username and password. Users will be able to browse and print past reports (Daily,
Monthly, Seasonal, and Yearly) and/or download them in PDF form.

6.2 The website will also contain an administrative component whereby a few users can update the email
list of users receiving automatic reports.
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ATTACHMENT-B

REQUIRED INPUT DATA SOURCES AND CALCULATIONS

1. Data Sources and Calculations for Daily Report

1.1 Data Sources, Calculations and thresholds to define number of hours for Error! Reference
source not found.: (SONG/FRANK TO DEFINE SPECIFIC TABLES AND UPDATE
CONSTANTS FOR 2009)

Data Sources for Table-3 : NERC database Under_Freq_Load_Drop table

Thresholds: CERTS-EPG have defined the following resource adequacy four alarm-areas for load-
generation unbalance following both industry traditional system security concepts and the NERC
work and definitions for their new Balancing Authority ACE Limit (BAAL) performance metric:
Normal Area — Load-generation unbalance does not force interconnections frequency to violate
any of the three BAAL frequency performance thresholds, and system can tolerate generation or
load contingency without violating any BAAL frequency limit.

Alert Area — Load-generation unbalance is violating the first BAAL frequency threshold (FTL)
and the risk and impact of a second contingency become greater than acceptable. Reliability
Coordinators required to take remedial action.

Emergency Area — Load-generation unbalance is violating the second BAAL frequency threshold
(FAL) and the system is exposed to unacceptable level of risk. Customers load maybe be dropped,
restoration procedures in place.

Load Drop Area — System frequency violates the third BAAL frequency threshold (FRL) and
frequency relays have triggered and load has already being dropped, restoration procedures in
place.

1.2 Data Sources and Calculation for Table-3: (SONG/FRANK TO DEFINE SPECIFIC TABLES
AND UPDATE CONSTANTS FOR 2009)

CPS1 Daily Calculation

CPS1 . =[2-NetACE, _ x Frequency . . — SchgdualFr ezque %Y ). 100%
' 10xabs(FregBias, ) x €
NetACEl—minule = Z ACEl—minute,BA
€: a system constant.
Eastern Western Ercot Hydro-Qubec
€ 0.018 0.0228 0.030 0.021
2008 FreqBias
Change every 6779 2106 430 651
year

Daily CPS1;, is average of all 1-minute CPS1;, in the day.
Threshold: 100%.

If CPS1>100%, Control Compliance Rating=Pass

If CPS<100%, Control Compliance Rating=Fail
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CPS2 Daily Calculation

Violation definition: For each 10 minute period,
abs(NetACE,, ... .,) £1.65x g, x10xabs(FregBias,,)

NetACElO—minute,Avg = Avg(NetACEl—minule)
NetACEl—minute = Z ACEl—minum,BA
Eastern Western Ercot Hydro-Qubec
€10 0.0057 0.0073 0.0073 0.0249

If abs(NetACE,, .. A,) £1.65x g, x10xabs(FregBias ) violation=0

If abs(NetACE,, . ...,) > 1.65xg, x10xabs(FreqBias ) violation=1

Daily CPS2= [1-(# violaton in the day/# available 10 minute periods in the day)]><100%
Threshold: 90%.

If CPS1>90%, Control Compliance Rating=Pass
If CPS<90%, Control Compliance Rating=Fail

BAAL 30-Minute Calculation

BAAL. = 10xahs(FreqBias )x AP 1= SchedualFr equency)
(Fre guency — SchedualFr eque ncy)

FTL . —SchedualFr equenc
BAAL High — 10><abS(Frquias im))( ( High g y)z
g (Frequency —SchedualFr equency )

BAAL Low violation: if Frequency< SchedualFrequency, it is a violation when ACE <BAAL o
BAAL High violation: if Frequency> SchedualFrequency, it is a violation when ACE>BAAL g

Threshold: 30 minutes. If Balancing Authority has exceeded BAAL for 30 minutes. It is BAAL 30-
Minute Violation.

BAAL limit also can be written in CPS1.

cps1 =[2-NetACE_ x Frequency . . — SchgduaIFr equency
' 10x abs(FregBias,,)x €’

] x100%

int

CPS1 B ( 2 _ BAAL x Frequency ... —SchedualFr equency

1-minute,int - X 100%
' 10x abs(FregBias ) x *

—[ 2-10xabs(FreqBias_)x (FTL —SchedualFr equency ) " Frequency , ... — SchgduaIFr ezquency
(Freque ncy — SchedualFr eque ncy) 10xabs(FregBias, ) x &

B (2 _ (FTL —SchedualFr equency )’

]x 100%
2 Jx 100%

€

For eastern, FTL,,=59.95,FTLig,=60.05 and £=0.018 , BAAL limit in CPS1=-572%
For western, FTL ow=59.93,FTLyig;=60.07 and €=0.0228 , BAAL limit in CPS1=-742%
For ercot, FTLqw=59.932,FTL;,=60.068 and £=0.030 , BAAL limit in CPS1=-314%

For Hydro Quebec, FTL ,=59.932,FTLi;=60.068 and e=0.021, BAAL limit in CPS1=
849%

DCS Minutes to Return to Normal Calculation
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When there is a frequency drop, 1-minute frequency change>=35mHz, the minutes for frequency
return to its pre-disturbance value or schedule frequency.
Threshold: 15 minutes.

1.3  Data sources and calculations for Table-4: (SONG/FRANK TO DEFINE SPECIFIC TABLES
AND UPDATE CONSTANTS FOR 2009)

FTL Calculation
Eastern Western Ercot Hydro-Quebec
FTL Low 59.95 59.93 59.932
FTL High 60.05 60.07 60.068

Threshold: 5 minutes

FAL Calculation

Eastern Western Ercot Hydro-Quebec
FAL Low 59.908 59.8 59.622
FAL High 60.092 60.2 60.378

Threshold: 1 minute

FRL Calculation

Eastern Western Ercot Hydro-Quebec
FRL Low 59.820 59.5 59.300
FRL High 60.180 60.5 60.700

Threshold: 1 minute

1.4 Data Sources and Calculations for Frequency Response Events: (SONG/FRANK TO DEFINE
SPECIFIC TABLES AND UPDATE CONSTANTS FOR 2009)

e ' FREQUENCY RESPONSE CALCULATION
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For 2006 Eastern Interconnection, Fregbias=6756MW/0.1Hz

NetACEbias=10xabs(fregbias) x (freq-schedfreq)

NetACETies=NetACE- NetACEbias

Point | Freq(Hz) | NetACE | NetACEbias | NetACETies

A 60.001 37 63 -25

B 59.888 -3249 -7567 4318

Step 1: Net ACE ties at point A -25
Step 2: Net ACE ties at point B 4318
Step 3: step 2-step 1 4343
Step 4: NetACE FregBias component at point A - 7629
NetACE FreqBias component at point B

Step 5: step 3-step 4 -3286
Step 6: frequency B-frequency A -0.113
Step 7: step 5/(10*step 6) (MW/0.1Hz) 2910

1.5 Summary statistics showing those Balancing Authorities that are the most probable root causes for

an event
Method: NERC Store procedure - CorrelationData
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