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FMA Responds to Industry Need to Analyze 
Control Performance During Events  

 
• Control Performance is Critical for Reliability Management  
• In 2002, NERC Operating Committee Requested that Control 

Performance and Frequency Response Should be Analyzed 
• Control Performance Areas of Concern Include:   

– Declining Generation Frequency Response Trend 
– Violations of Performance Thresholds and Guidelines 
– Frequency Excursions During Hours 21 and 22  

• NERC Resources Subcommittee  defined FMA functional needs  
• FMA leverages and builds upon CERTS research  
• CERTS researched design and architecture for FMA which was 

reviewed and approved by NERC Resources Subcommittee  
• FMA Description Covers:  

– Control Performance Trend Examples 
– Overview of FMA Application 
– Examples and Demo of Use of FMA 

• FMA Demo Covers: 
– Load-Generation Control Performance Analysis for Second Half 2007 
– Event Collection, Analysis, Tracking and Archiving for August 4, 2007 Event 
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Control Performance Issues and Trends 
Frequency Response was 3,750 MW/0.1Hz in 1994 vs 2,800 in 2006. 

For largest events greater than 35 mHz as low as 2,600 in E.I. 
(NERC Standard Drafting Team Defining FR Standard) 

Frequency Deviation from schedule getting closer to  
NERC Standard reliability limit of 18 MHz in E.I. 

Control of Hours 
22 and 23 
beyond 

recommended 
Process Control 

Limits in E.I. 
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ARCHITECTURES 
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NERC-CERTS Applications 
Architecture (Illustrative) 

NERC Applications 
And Web Server 

123 BAs SEND 
SCADA DATA 

THROUGH 
 NERC-NET 

NERC Ethernet (Princeton) 

XML 

Reliability Coordinators 
And Other 

Applications Users 

Early Intelligent 
Alarms Notification 

• SCADA DATA COLLECTED AT NERC ICCP AND 
  CONCENTRATED IN DATABASE SERVER 
• PHASOR DATA COLLECTED FOR EASTERN 
 
• DATA PROCESSED FOR NERC-CERTS 
  WIDE-AREA REAL TIME APPLICATIONS 

NERC Secure, 
Redundant 

Database Server 

REAL TIME 
MONITORING DATA 
BROADCAST OVER 
INTERNET-EVERY 

60 SECONDS 

(3) INTELLIGENT REAL 
TIME ALERTS AND 
ALARMS 

(4) MONITORING AND TRACKING 
     USING MULTI-VIEW GEO-GRAPHIC 
     WIDE-AREA G-3P VISUALIZATION 

(1) DATA 
ACQUISITION 

(2) DATA VALIDATION 
AND ARCHIVING     
AT PRINCETON 

EASTERN 
PHASOR 

DATA 
(+ Future FNET 
Phasor Data) 
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FMA Architecture and Data Sources 

     

TVA 
Dataware Database 

NERC 
OPC Database 

FMA Server 
Eastern, Western, 
ERCOT, Hydro- 

Quebec 
1 and 10 second 

data for Frequency, 
NetACE and TEC. 
Archive for 5 Years 

TVA-FMA 
Web-Service 

NERC-OPC 
Win-Service 

FMA 1sec 
Win-Service 

1-Sec Data 
Filter 

10-Sec Data 
Filter 

Eastern, Western 
ERCOT, Hydro-

Quebec 
Interconnections 

FMA 
Web-Service 

FMA Clients 
For Eastern, Western, 

ERCOT, Hydro-Quebec 

VTech-FMA 
Web-Service 

VTech FNet 
Database 
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FUNCTIONAL OVERVIEW 
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• FMA designed to address industry need for timely analysis of 
Interconnections Resources Adequacy performance during events 

• Complements Wide-Area Real Time Monitoring Tools 
• Provides Analysis Capabilities for Engineers and Managers 
• Assures availability of data during abnormal events by utilizing three 

data sources for each interconnection 
• Integrates Different Data Resolutions – SCADA, Phasors and FNET 
• Modules cover Resources Adequacy events, frequency response 

performance, trends and time error correction  
• Enables 

– Identification, analysis and archiving of events 
– Analysis of Key Performance Metrics – e.g., Frequency Response 
– Root Cause Assessment and Identification 
– Review and Definition of Procedures, Guidelines and Standards 

Overview of Frequency Monitoring and 
Analysis (FMA) Application 
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Frequency Analysis and Monitoring (FMA) 
Application and Visualization Modules 

Frequency 
Performance 

Frequency 
Events 

Frequency 
Response 

Frequency 
Trends 

Time Error 
Corrections 

NERC-CERTS 
FREQUENCY 
MONITORING 

AND ANALYSIS 
(FMA) 
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Scatterplot of MW/0.1Hz vs Min

     Events 
• Capture 
• Analyze 
• Track 
• Trend 
• Report 
• Archive 

DEMO 
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FREQUENCY PERFORMANCE 
FUNCTIONS AND DISPLAYS 

 
CASE STUDY 
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Utilization of FMA for Wide-Area  
Load-Generation Control Performance 

Key Reliability Standard 
Metric Historical 

Performance 
(Does Process Comply with Standards) 

Complement Key 
Reliability Metric 

Performance 
(Is Process 
Variability 

Acceptable) 

Load-Generation 
Control Process 

Performance 
(Is Process Under 

Control ?) 
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• On August 4, 2007 the Eastern Interconnection 
frequency reached 59.868 Hz the lowest value in 2007 

• The event resulted in a five units outage for a total 
generation lost of about 4,300 MW with a load of about 
500,000 MW 

• Recovery of the event fell within the NERC DCS 
standard requirement of 15-minutes. The interconnection 
frequency was restored to 60 Hz in 8-minutes. 

• The interconnection frequency recovery over-responded, 
reaching 60.06 Hz in 14-minutes. 

Case Study Description 
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Utilization of FMA for Evaluating Load-
Generation Control Compliance with Standard 

Hours 21-22 
Operating Above 

Standard Threshold 

Hours 17 and 18 
Showing  

Maximum Spread 

Evaluation of 1-Second Frequency Data Graphs for 
 Eastern Interconnection August, 2007 
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Utilization of FMA for Wide-Area 
Evaluation of Load-Generation Variability 

Hours with Maximum 
Variability 

Hours 17 and 18 
Showing Unusual 
Extreme Variability 

Evaluation of 1-Second Frequency Data Graphs for 
 Eastern Interconnection August, 2007 
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Utilization of FMA for Wide-Area 
Load-Generation Control Performance Analysis 

Hours Beyond 
Recommended Process 

Control Limits 

Under Investigation 

Evaluation of 1-Second Frequency Data Graphs for 
 Eastern Interconnection August, 2007 

Hour Beyond 
Recommended Process 

Control Limit 
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FREQUENCY EVENT ANALYSIS 
 

CASE STUDY 
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Notification 

Data Collection 

Analysis 

Reporting 
Archiving 

A 

B 

C 

D 

E 

Steps for Events Notification and 
Analysis Using FMA 
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Utilization of FMA for Analysis of  
Frequency Response During Events - Steps 

Interconnections 
Events Collection –  
How Many Events,  
When and Where 

Interactive 
Events Analysis –  

Calculate Frequency  
Response 

Events 
Analysis 
Results 

A 

B 

C 
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Utilization of FMA for Analysis of  
Frequency Response During Events 

A 

Events 
Phasor 
Data 
Collection 

B 

Interactive 
Events 
Analysis 

C 

Events 
Frequency 
Response 
Results 

2908 MW/0.1Hz 
vs 

NERC-RS 
Estimate 
Of 3000 

August 2007 
Events 
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Utilization of FMA for Analysis Report of  
All Events During Selected Period 

All Events for 
Period Selected 

1-Second Data 
For Event Selected 

August 4, 2007 
Event 
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FUTURE IMPROVMENTS 
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Frequency Monitoring and Analysis (FMA) 
Timeline and Plans 

• Research started in 2002 
• Research challenges – availability of high resolution time 

synchronized data, data redundancy, data analysis and user friendly 
interactive design 

• FMA designed to take advantage of Phasor and FNET research and 
demonstrations    

• Application Functional Description Developed in 2005 
• Research on Prototype Design and Development Started in 2007 
• Application Testing Started in 1Q08 
• NERC Resources Subcommittee Field Trial Planned During 2Q2008 
• Target to Transition to NERC Production Environment During 3Q08 
• Plan to Continue Research on FMA functionality, Short-Term 

Intelligent Alarms for Notification, Functional Changes based on User 
Feedback, and Integration of FNET data 
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