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NERC FMA 
Data Communications, 

Functionality and Navigation 
Overview 

Review the Data Availability Section to Identify if for the Period 
you Need to Analyze the Data is Archived and 

What its Availability Percent is 
(The NERC 10-Second Data Has About 98-99 Percent Availability) 
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NERC Frequency Monitoring and Analysis 
(FMA) Data Communications Architecture 

     

TVA 
Dataware Database 

NERC 
SCADA Database 

FMA Server 
Eastern, Western, 
ERCOT, HQuebec 
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, HQuebec 
Interconnections 

1-second frequency 
minimum once/hour  

FMA 
Web-Service 

FMA Clients 
For Eastern, Western, 

ERCOT, HQuebec 
 Field Trial and Production 

VTech-FMA 
Web-Service 

VTech FNet 
Database 
(FY2009) 
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Phasor Data Sources Geographic Location 

     

PMU Phasor Data Sources 
(30 Samples/Sec.,3-Per 
Interconnection, averages 
Over 1-Sec) 

FUTURE – 2009 
FNET Phasor Data Sources 
(1-Sec from 10 Samples/Sec., 
3-Per Interconnection – Future 
Currently in research mode) 

SCADA Balancing Authorities 
Data Sources 
(10-Sec Data 3-Per Interconnection) 
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NERC FREQUENCY MONITORING AND ANALYSIS (FMA) 
FOR INTERCONNECTIONS – FUNCTIONAL OVERVIEW 

Revision: 06.25.08 

INPUT PHASOR, 
SCADA DATA 

• TVA Phasors 
• NERC SCADA 
• FNET Phasors 

Data Sources 

• 1-Second TVA 
• 10-Second NERC 
• 1-Second FNET 

Data Resolution 

• Hourly, Daily 
• Weekly, Monthly 
• Quarterly, Yearly 

Data Sampling 

FUNCTIONS 
AND USES 

OUTPUT 
RESULTS 

Frequency 
Performance 

Frequency 
Trends 

Frequency 
Events 

Frequency 
Response 

Data 
Collection 

• Eastern 
• Western 
• ERCOT 

Interconnections 

Multi-View 
Visuals 

Reports 

 
Data and 

Information 
Archive 

Time Error 
Correction Track 
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Frequency 
Excursion

 

Frequency 
Response

 

Frequency 
Performance

 

Frequency 
Trends

 

Time Error 
Correction

 

FUNCTIONAL 
CATEGORIES

 

 
FREQUENCY MONITORING AND 

ANALYSIS SYSTEM CLIENT 
APPLICATION

DATA COLLECTION
 

EVENT 
ANALYSIS 

REPORTS
 

Event reports
 

Daily / Monthly
 

FMA Navigation 
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Frequency Analysis and Monitoring (FMA) 
Functions and Visualization Modules 

Frequency 
Performance 

Frequency 
Events 

Frequency 
Response 

Frequency 
Trends 

Time Error 
Corrections 

NERC-CERTS 
FREQUENCY 
MONITORING 

AND ANALYSIS 
(FMA) 

 

Min

M
W

/0
.1

H
z

59.9959.9859.9759.9659.9559.9459.9359.9259.9159.90

4500

4000

3500

3000

2500

2000

Scatterplot of MW/0.1Hz vs Min

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



Page 7 
10/23/08 

NERC FMA 
Frequency Data Calculation 

and Data Filtering 
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Frequency Calculated Values Used by 
FMA Displays and Reports 

Function Display Sample Calculated Values Function Display Sample Calculated Values 

Frequency  
Performance 

Panel 1: Interconnection Average 
Frequency 

Time Error 
Collection 
Analysis 

Panel 1: Schedule Frequency 

Panel 2: Interconnection Average 
Frequency Panel 2: Schedule Frequency 

Panel 3: Interconnection Average 
Frequency NA 

Frequency 
Events 
Duration, 
Distribution 

Panel 1: Frequency Events with 
Valid Status 

Frequency 
Trend 

Panel 1: Interconnection Average 
Frequency 

Panel 2: Frequency Events with 
Valid Status 

Panel 2: Interconnection Average 
Frequency 

Panel 3: Frequency Events with 
Valid Status 

Panel 3: Interconnection Average 
Frequency 

Frequency 
Events 
Counts, 
Typical 

Panel 1: Frequency Events with 
Valid Status 

Reports 

Periodic Reports: Interconnection 
Average Frequency 

Panel 2: Frequency Events with 
Valid Status 

Events Reports: Frequency 
Events with Valid Status 

Panel 3: Frequency Events with 
Valid Status 

Retrieve Reports: Interconnection 
Average Frequency 

Frequency 
Response 
Response vs: 
MinFreq  
and Loss 

Panel 1: Frequency Events with 
Valid Status 

Data 
Collection 

Frequency from Individual 
Frequency Source 

Panel 2: Frequency Events with 
Valid Status 

Panel 3: Frequency Events with 
Valid Status 

Frequency 
Response 
Response vs: 
Date 

Panel 1: Frequency Events with 
Valid Status 

FR Event 
Editor 

Frequency Event Detected from 
Primary Data Source is Initially 
Marked as Valid and Shown in 
Black Text in Event List. 
Frequency Event Detected from 
non-Primary Data Source is 
Initially Marked as Invalid and 
Shown in Red Text in Event List. 

Panel 2: Frequency Events with 
Valid Status 

Panel 3: Frequency Events with 
Valid Status 
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FMA Frequency Data Calculations 

1-second data source Eastern Western ERCOT Quebec 

Provider TVA FNET FNET 

Primary  
data  

source 
Volunteer (VOLU-FQ) of TVA LA-Pasadena, CA 

 
Houston 

 

Secondary 
data  

source 
Callaway (CALY-FQ) of Ameren EPRI-Palo Alto, CA 

 
UTSA - San Antonio, TX   

 

Tertiary 
Data 

source 
Jacksons Ferry (JFRY-FQ) of AEP NewWSU-Pullman, WA  

 

FMA queries the available values from the 3 data sources per interconnection, does 
the average calculation and archives the result in FMA frequency data table.  
 
The following two tables show the components for the average calculations for the 1-
second frequency and 10-second frequency data. 

10-second data source Eastern Western ERCOT Quebec 

Provider NERC NERC NERC NERC 

Primary  
data  

source 
TVA BCTC 

 ERCO HQT 

Secondary 
data  

source 
PJM PNM 

 
   
 

Tertiary 
Data 

source 
ISNE PACE  
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FMA Data Filtering 

TVA Phasor Data Quality Code 

Good Data 29 

Bad Data – Detected 
by TVA 14 

Bad Data – Detected 
by CERTS-EPG 5 

Backend Database and Business Logic Tier Architecture

• FMA database 
Server 

• Filtered data - 1,10 
sec

• Calculated data – 1, 
10 sec

• Event data archive
• Archived reports

NERC-FMA Client 
Application

Frequency Monitoring Analysis (FMA)  
Windows Service for 1-Sec data

NERC OPC 
Database

(10-Second)

TVA DatAware 
(1-Second)

Filtering

Secure internet

TVA Web-Service

Data-Connector Switcher 
(FMA-Client Web Service)

XML Files 
Archive

EPG FMA OPC Data 
Processor windows 

service

Data Sources

EPG Servers

EPG Tasks

Configurable
time

FMA DTS 
Package

Configurable
time

FMA Windows Service 
for periodic report 

archiving

Configurable
time

FMA data filtering (see diagram) only 
checks for abnormal frequency 
extremes. Frequencies exceeding a high 
of 62 Hz or low of 58 Hz will be filtered 
and will not stored in FMA database 
 
FMA does not do any replacement for 
the data not transmitted from sources  
 
Following are the data-quality codes 
shown in the data collection displays. 

NERC SCADA Quality Code 

Good Data 192 
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NERC FMA 
Event Frequency Response 
Archive, Editor and Reports 
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Frequency Response  
Calculation Method  

Frequency Data  
Source 

Frequency at  
Point A 

Frequency at  
Point C 

Frequency at 
Point B MW Loss Source Frequency Response 

Calculation 

FMA Method 
(Uses NERC Guide in 
Training Document) 

TVA 1-second  
phasor data 

Average of the 5 
Frequencies 

before the decline point * 

Lowest frequency for 
the next 10 seconds 

after the decline point 

Highest frequency for 
the next 5 seconds after   

Point C 

Calculated value using  
NERC 10-second  

NetACE Bias data ** 

FMA automatically calculates Frequency 
Response using the NERC-Guide method 

(Training Document -2/20/2003) 

Decline Point Definition Used by FMA: The Decline Point is Defined at the Time When the Standard Deviation of 8 Consecutive Frequencies is Greater than Predefined Threshold.  
** Loss MW Calculation in FMA = Interconnection NetACE Bias at Point A – Interconnection NETACE Bias at Point B. 
Yellow Text Box, Valid Check Box, Line DP, C and B – Are Editable. User can See the Changes of calculated Frequency Response by Moving or Change These Information. Only Authorized 
User Have the Ability to Save the Changes into the Database by Clicking Apply button. Once These Changes are Saved, They are Available to All the UIsers.  
Valid status - Frequency Response Event Detected from Primary Data Source is Initially Marked as Valid. The Event Detected from non-Primary Data Source is Initially Marked as Invalid. The 
Event with Calculated Frequency Response is not in [0,8000] MW/0.1Hz is Initially Marked as Invalid. Invalid Events are Shown in Red in Event List. Valid Events are Shown in Black in Event List. 
Frequency/ACE Range – Can Help to Further Narrow Down the Event Shown in Event List. If User doesn’t Want to Narrow Down, He does not Need to Enter Anything. ACE Range is Used to 
Define the Range of NetACE at Point C. Frequency Range is used to Define the Frequency Range at Point C. 

Events Frequency Response Editor Capability 
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Select 
 Interconnection 

Select  
Weekday 

 Type 

Select  
Event Type 

Select Date Range 

Select  
Range of NetACE at Point C 

Select  
Hour 
 Type 

Select  
Range of Freq at Point C 

Select Number Points  
or Each Event 

Example Shows to 
 Collect 20 Data Points Before and  

20 Data Points After  
for Each Event 

Report Part 1: 
Report Header 

Report Part 2: 
Selected Valid Frequency Response Events List 

Report Part 3: 
Event Detail 

 Detail for 9/26/2008 02:04:39 Event  

20 Points Before Event 
Time 

20 Points After Event 
Time 

Events Reports Capability 
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NERC FMA 
Displays Data Sets 

Detail Description and Utilization 
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FMA Display Sets Descriptions - Summary 
Function 

Set 
     Display Sample   Graphic Description 

Function 
Set 

    Display Sample   Graphic Description 

Frequency  
Performance 

Panel 1: Box plot for RMS1 of 
Frequency Deviation 

Frequency 
Response 
Response vs. 
Date 

Panel 1: Line chart for Frequency 
Response 

Panel 2: Box plot for Average 
Frequency Deviation 

Panel 2: Scatter Plot of Frequency 
Response vs. Minimum 
Frequency 

Panel 3: Xbar-R Chart for RMS1 of 
Frequency Deviation 

Panel 3: Scatter Plot of Frequency 
Response vs. Loss 

Frequency 
Response 
Events 
Duration, 
Distribution 

Panel 1: Contour Plot for Count of 
Frequency Response Events 

Time Error 
Collection 
Analysis 

Panel 1: Bar chart for Count of 
Time Error Correction 

Panel 2: 3D Probability of 
Frequency Response Event 

Panel 2: Line chart for Frequency 
Error and Time Error 

Panel 3: Bar chart for Average 
Frequency Response Event 
Duration 

NA 

Frequency 
Response 
Events 
Counts, 
Typical 

Panel 1: Bar chart for Count of 
Frequency Response Events vs. 
Date 

Frequency 
Trend 

Panel 1: Line chart for Frequency 
Error Profile 

Panel 2: Bar chart for Count of 
Frequency Response Events vs. 
Event Duration 

Panel 2:  line charts for frequency 
error RMS1 calculated using 1, 10 
and 60 minutes sampling 

Panel 3:  Line chart for Typical 
Frequency Response Event 

Panel 3: Line chart for Average 
Frequency Error from Mean 

Frequency 
Response 
Response vs. 
MinFreq and 
vs Loss 

Panel 1: Scatter Plot of Frequency 
Response vs. Minimum Frequency 

Panel 2: Scatter Plot of Frequency 
Response vs. Loss 

Panel 3: Bar char for Frequency 
Response 
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Boxplot  
of Hourly RMS1 

 for Hour5 
from 9/23/2008 to 10/23/2008 

Hour Type 

Median 

Lower quartile 

Upper quartile 

Outlier 
Whisker 

Mean of Hourly RMS1 
Line Plot 

Boxplot Parameters – Boxplot produces a box and whisker plot using the sampling data for user selected timeframe. The box has lines at the lower quartile, median, and upper quartile values. The 
whiskers are lines extending from each end of the box to show the extent of the rest of the data. Any data observation which lies more than 1.5 IQR (interquartile range) lower than the first quartile or 
1.5 IQR higher than the third quartile is considered an outlier.  
RMS1 - Root Mean Square of 1-Minute Average Frequency Deviation. 
Frequency Deviation  – The Deviation of Frequency from Scheduled Frequency. 

Hourly 

Selected 
date/time 

range 
<=48 
Hours 

RMS1 for each 
10-minute 
period of 

range selected  

Selected 
date/time 
range >48 

Hours 

RMS1 for each 
hour of range 

selected 

Daily / 
Weekd

ay 

RMS1 for each hour of range 
selected 

Weekly RMS1 for each hour of range 
selected 

Monthl
y 

RMS1 for each day of range 
selected 

Quarter
ly 

RMS1 for each day of range 
selected 

Yearly RMS1 for each day of range 
selected 

Frequency Performance Displays Set 
Boxplot for Frequency Deviation RMS1 
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Boxplot  
of Hourly Average Freq. Deviation. 

 for Hour5 
from 09/23/2008 to 10/23/2008 

Hour Type 

Median 

Lower quartile 

Upper quartile 

Outlier 

Whisker 
Mean of Hourly RMS1 

Line Plot 

Boxplot Parameters – Boxplot produces a box and whisker plot using the sampling data for user selected timeframe. The box has lines at the lower quartile, median, and upper quartile values. The 
whiskers are lines extending from each end of the box to show the extent of the rest of the data. Any data observation which lies more than 1.5 IQR (interquartile range) lower than the first quartile or 
1.5 IQR higher than the third quartile is considered an outlier.  
Frequency Deviation  – The Deviation of Frequency from Scheduled Frequency. 

Hourly 

Selected 
date/time 

range <=48 
Hours 

Average 
Freq. Dev. 

for each 10-
minute 

period of 
range 

selected 

Selected 
date/time 
range >48 

Hours 

Average 
Freq. Dev. 

of each 
hour of 
range 

selected 

Daily / 
Weekday 

Average Freq. Dev. of each 
hour of range selected 

Weekly Average Freq. Dev. of each 
hour of range selected 

Monthly Average Freq. Dev. of each 
day of range selected 

Quarterly Average Freq. Dev. of each 
day of range selected 

Yearly Average Freq. Dev. of each 
day of range selected 

Frequency Performance Displays Set 
Boxplot for Frequency Average 
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Xbar-R Chart – Xbar Chart depicts the sample means and R Chart depicts the sample ranges. The charts plot the means of the subgroups, a center line at the average of the means, and upper and 
lower control limits (UCL, LCL) is calculated values based on the size of sample subgroup (see http://www.qualityspctools.com/control.html for detail). Out of control measurements are marked as 
violations and drawn in red. The X-Bar is indicative of the variation of the Mean, and the R-Chart indicative of the sensitivity of each sample.  

Center Line the Mean of Hourly RMS1 

XBar Chart 

Hourly 

Selected 
date/time range 

<=48 Hours 

RMS1 for 
each 10-
minute 

period of 
range 

selected  

Selected 
date/time range 

>48 Hours 

RMS1 for 
each hour 
of range 
selected 

Daily / 
Weekday 

RMS1 for each hour of range 
selected 

Weekly RMS1 for each hour of range 
selected 

Monthly RMS1 for each day of range 
selected 

Quarterly RMS1 for each day of range 
selected 

Yearly RMS1 for each day of range 
selected 

Mean of Hourly RMS1 for Hour 4 

R Chart 

Lower Control Limit of Range of Hourly RMS1 
Upper Control Limit the Range of Hourly RMS1 

Center Line the Range of Hourly RMS1 

Lower Control Limit of Mean of Hourly RMS1 

Range of Hourly RMS1 for Hour 4 

Frequency Performance Displays Set 
Frequency X-Bar R-Chart 

http://www.qualityspctools.com/control.html
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Frequency Response Events Count –  In FMA, we consider there is a frequency response event when the standard deviation of eight consecutive frequencies is greater than FMA preset 
threshold. FMA preset threshold can be found in Server Setting of Application Setting and it is configurable. The current setting is as following  table. FMA only counts Frequency Response Events 
with valid status. Frequency Response Event detected from primary data source and the calculated frequency response in [0,8000] range is Initially marked as valid. The valid status of Frequency 
Response Events is editable through FR Event Editor. Event counts can be further  
narrow down by redefined the threshold  of two consecutive frequency data  
points. The default setting can be found in Client Setting of Application Setting.  
For example, for Eastern Interconnection, 1-second Data source,  
the default threshold is 0.012 Hz/Sec. 

Eastern Western Quebec ERCOT 

1-second Data Source 
Stdev of 8 samples 

0.006 0.009 0.01 0.04 

10-second Data Source 
frequency change rate df/dt 

0.035 Hz/10sec 0.05 Hz/10sec 0.05 Hz/10sec 0.05 Hz/10sec 

Only 1 Frequency Response Events for Hour 16 of 10/04/2008   

Total 2 Frequency Response Events for 10/04/2008 

Hour  
Type 

Date Total 3  
Frequency Response Events 

 for Hour 4  
from 9/21/2008 to 10/21/2008 

Hourly NA 

Daily / 
Weekday 

Counter Plot for 
Number of 
Frequency 

Response Events 
Per Day Per Hour 

Type 

Weekly 

Counter Plot for 
Number of 
Frequency 

Response Events 
Per Week Per Hour 

Type 

Monthly 

Counter Plot for 
Number of 
Frequency 

Response Events 
Per Month Per 

Hour Type 

Quarterly 

Counter Plot for 
Number of 
Frequency 

Response Events 
Per Quarter Per 

Hour Type 

Yearly 

Counter Plot for 
Number of 
Frequency 

Response Events 
Per Year Per Hour 

Type 

Frequency Events – Duration, Distribution Set 
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Frequency Response Low Event -  is referring the frequency having negative change. 
Frequency Response High Event - is referring the frequency having positive change 
Only valid Frequency Response Low Event is considered in this Plot. The valid status of Frequency Response Events is editable through FR Event Editor 
 

Hourly NA 

Daily / 
Weekday 

3D Plot for Probability 
of Frequency 

Response Low Event 
Per Weekday Per 

Hour Type 

Weekly 

3D Plot for Probability 
of Frequency 

Response Low Event 
Per Week Per Hour 

Type 

Monthly 

3D Plot for Probability 
of Frequency 

Response Low Event 
Per Month Per Hour 

Type 

Quarterly 

3D Plot for Probability 
of Frequency 

Response Low Event 
Per Quarter Per Hour 

Type 

Yearly 

3D Plot for Probability 
of Frequency 

Response Low Event 
Per Year Per Hour 

Type 

Hour  
Type 

Weekday  
Type 

From 9/21/2008 to 10/21/2008, 
Probability of Frequency Response Low Events  

happened in Friday on Hour 2 is 2.94%. 
 

There is 34 Valid Frequency Response Events 
 from 9/21/2008 to 10/21/2008. Only one Low 

Event happened on Friday at Hour 2. Therefore, 
The Probability of the Low Events happened on  

Friday at Hour 2= (1/34)*100=2.94% 
  

Probability 
in % 

Frequency Events – Duration, Distribution Set 
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Frequency Response Events Count –  In FMA, we consider there is a frequency response event when the standard deviation of eight consecutive frequencies is greater than FMA preset 
threshold. FMA preset threshold can be found in Server Setting of Application Setting and it is configurable. The current setting is as following  table. FMA only counts Frequency Response Events 
with valid status. Frequency Response Event detected from primary data source and the calculated frequency response in [0,8000] range is Initially marked as valid. The valid status of Frequency 
Response Events is editable through FR Event Editor. Event counts can be further narrow  
down by redefined the threshold  of two consecutive frequency data points. The  
default setting can be found in Client Setting of Application Setting. For example,  
for Eastern Interconnection, 1-second Data source, the default threshold is  
0.012 Hz/Sec. 
Frequency Response Low Event -  is referring the frequency having negative change. 
Frequency Response High Event - is referring the frequency having positive change 

Hourly NA 

Daily / 
Weekday 

Average Frequency 
Duration Group by 

Weekday and Event 
High/Low Type  

Weekly NA 

Monthly 
Average Frequency 

Duration Group by Month 
and Event High/Low Type 

Quarterly 

Average Frequency 
Duration Group by 
Quarter and Event 

High/Low Type 

Yearly 
Average Frequency 

Duration Group by Month 
and Event High/Low Type 

Frequency Reponses Event 
Duration –  Time to pre-disturbance 
frequency or Scheduled Frequency, 
whichever is sooner. 

Weekday  
Type 

High Event Type Low Event Type 

Average Duration of 
 Frequency Event 

There are Four Weeks from  
9/21/2008 to 10/21/2008. 

The Average High Event Duration  
on Saturday of Week 3 is 0:04:47. 

 

There are Four Weeks from  
9/21/2008 to 10/21/2008. 

The Average Low Event Duration  
on Saturday of Week 1 is 0:02:33. 

 

There are Four Weeks from  
9/21/2008 to 10/21/2008. 

The Average Low Event Duration  
on Saturday of Week 2 is 0:01:30. 

 

Frequency Events – Duration, Distribution Set 

Eastern Western Quebec ERCOT 

1-second Data Source 
Stdev of 8 samples 

0.006 0.009 0.01 0.04 

10-second Data Source 
frequency change rate df/dt 

0.035 Hz/10sec 0.05 Hz/10sec 0.05 Hz/10sec 0.05 Hz/10sec 
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Frequency Response Low Event -  is referring the frequency having negative change. 
Frequency Response High Event - is referring the frequency having positive change. 
Only valid Frequency Response Event with Frequency at Point C<59.95 or >60.05 is considered in this Plot. The valid status of Frequency Response Events is editable through FR Event Editor 
 

Hourly NA 

Daily / 
Weekday 

Daily High, Low and Total 
Events Counts for Frequency at 

Point C >60.05 or <59.95 

Weekly 
Weekly High, Low and Total 

Events Counts for Frequency at 
Point C >60.05 or <59.95 

Monthly 
Monthly High, Low and Total 

Events Counts for Frequency at 
Point C >60.05 or <59.95 

Quarterly 
Quarterly High, Low and Total 
Events Counts for Frequency at 

Point C >60.05 or <59.95 

Yearly 
Yearly High, Low and Total 

Events Counts for Frequency at 
Point C >60.05 or <59.95 

There are 4  
Frequency Response 

 Low Events  
with Frequency  

at Point C <59.95 
 for May 2008. 

There are Total 4=0+4  
Frequency Response Events 

 with Frequency at Point C <59.95 or >60.5 
 for May 2008. 

There are 0 Frequency  
Response High Event 

 with Frequency  
at Point C >60.05 

 for May 2008. 

Month 

Count 

Frequency Events – Counts Set 
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Frequency Duration –  Time to pre-disturbance frequency or Scheduled Frequency, whichever is sooner. 
Only valid Frequency Response Event is considered in this Plot. The valid status of Frequency Response Events is editable through FR Event Editor 

Count 
In Log Axis 

There are 188 Valid Frequency Events  
from 1/1/2008 to 10/21/2008. 

There are 14 Frequency Response Events having 
duration from 00:00:00-00:00:10. 

There are 4 Frequency Response Events having 
duration from 00:10:00-00:00:20. 
The percentage of Events having  

duration less then 00:00:20=((14+4)/188)*100=9.58% 

There are 4 Frequency Response Events having 
duration of  00:00:10-00:00:20  
 from 1/1/2008 to 10/21/2008. 

Percentage 

Frequency Events – Counts Set 
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Only valid Frequency Response Low Event is considered in this Plot. The valid status of Frequency Response Events is editable through FR Event Editor 

Frequency Events – Counts Set 

Average Frequency 

Time at Frequency Response Event Time + 24 Second 

Average Frequency of All the Event Frequencies at 
Event Time+6 Second=59.971Hz 

 
From 10/19/2008 to 10/20/2008, there are two valid Frequency 

Response Low Events. For the first event, frequency  
at (event time+6 second)=59.977. For the second event, 

frequency at (event time+6 second)=59.966. The average 
frequency of these two events at (event time+6 second)= 59.971 
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Only valid Frequency Response Event is considered in this plot. The valid status of Frequency Response Events is editable through FR Event Editor 

Calculated Frequency Response 
MW/0.1Hz 

Event Minimum Frequency 
(Frequency at Point C) 

Linear Regression Line Between  
Calculated Frequency Response 
and Event Minimum Frequency 

Events Freq. Response vs Minimum Freq. 
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Only valid Frequency Response Event is considered in this plot. The valid status of Frequency Response Events is editable through FR Event Editor 

Calculated Frequency Response 
MW/0.1Hz 

Event MW Loss 

Linear Regression Line Between  
Calculated Frequency Response 

and Event MW Loss 

Events Frequency Response vs Loss 
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Only valid Frequency Response Event is considered in this plot. The valid status of Frequency Response Events is editable through FR Event Editor.  
Anderson-Darling Normality Test – A variation of the Kolmogorov-Smirnov (K-S) Test that uses a sample's "P-value" to measure whether it is "normal." P-value is the probability that the sample 
being tested was drawn from a population with a specific distribution; if the P-value is less than the generally-accepted standard of 0.05, the null hypothesis is likely to be false and differences 
between the samples are likely to exist. 

Range of 
Calculated Frequency Response 

MW/0.1Hz 

Confidence Interval of Mean, Median, Std of 
Calculated Frequency Response 

Anderson-Darling Normality Test 

Box Plot for Calculated 
Frequency Response  

From 6/1/2008 to 10/20/2008, 
Number of  

Calculated Frequency Response in 
Range of  4459-4953 MW/0.1Hz is 13 

Normal Probability Distribution Curve  
Based on the Mean and Std 

of the Calculated  
Frequency Reponses  

Events Frequency Response Statistics 
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Only valid Frequency Response Event is considered in this plot. The valid status of Frequency Response Events is editable through FR Event Editor.  

Daily Mean of Calculated Frequency Response 

Date 

Daily Median of Calculated Frequency Response 

Hourly NA 

Daily / 
Weekday 

Daily Mean and Median of 
Calculated Frequency 

Response 

Weekly 
Weekly Mean and Median of 

Calculated Frequency 
Response 

Monthly 
Monthly Mean and Median of 

Calculated Frequency 
Response 

Quarterly 
Quarterly Mean and Median of 

Calculated Frequency 
Response 

Yearly 
Yearly Mean and Median of 

Calculated Frequency 
Response 

Events Frequency Response Mean/Median 
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Date 

There are 2 Fast Time Error Corrections 
on 8/5/2008 

There are 1 Slow Time Error Corrections 
on 9/22/2008 

Hourly NA 

Daily / 
Weekday 

Bar chart for Daily 
Count of Fast, Slow 

Time Error 
Correction 

Weekly 

Bar chart for Weekly 
Count of Fast, Slow 

Time Error 
Correction 

Monthly 

Bar chart for 
Monthly Count of 
Fast, Slow Time 
Error Correction 

Quarterly 

Bar chart for 
Quarterly Count of 

Fast, Slow Time 
Error Correction 

Yearly 

Bar chart for Yearly 
Count of Fast, Slow 

Time Error 
Correction 

Fast Time Error Correction – When the scheduled frequency is 60Hz or more 
Slow Time Error Correction – When the scheduled frequency is below 60 Hz. 

Time Error Corrections Summary 
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Time Error Pattern Calculation – 60*Avg(FreqDev)*m/Avg(SchedFreq). Avg(FreqDev)=hourly average frequency deviation, m=time duration in minutes, 
Avg(SchedFreq)=average scheduled frequency of system.  

Hour 

Time Error Pattern for Hour 2 from 
 10/1/2008 to 10/2008 is 3.249 second 

Average Frequency Deviation for Hour 2  
From 10/1/2008 to 10/02/2008 is -5mHz 

Time Error Correction – Minutes Corrected 
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RMS1 - Root Mean Square of 1-Minute Average Frequency Deviation. 
RMS5 - Root Mean Square of 5-Minute Average Frequency Deviation. 
RMS10 - Root Mean Square of 10-Minute Average Frequency Deviation. 
RMS20 - Root Mean Square of 20-Minute Average Frequency Deviation. 
RMS30 - Root Mean Square of 30-Minute Average Frequency Deviation. 
RMS45 - Root Mean Square of 45-Minute Average Frequency Deviation. 
RMS60 - Root Mean Square of 60-Minute Average Frequency Deviation. 
Standard Error Profile – Standard Error of 1-Minute Average Frequency Deviation,5-Minute Average Frequency Deviation, 10-Minute Average Frequency Deviation, 20-Minute Average Frequency 
Deviation, 30-Minute Average Frequency Deviation, 45-Minute Average Frequency Deviation, 60-Minute Average Frequency Deviation 

RMS1 for Hour 3 of 10/1/2008 

Sampling Interval 

RMS5 for Hour 3 of 10/1/2008 

RMS10 for Hour 3 of 10/1/2008 

RMS60 for Hour 3 of 10/1/2008 

RMS1 for Hour 5 of 10/1/2008 

Std30 of 10/1/2008 

Hourly 

Top 8 Hourly RMS1, RMS5, 
RMS10, RMS20, RMS30, 

RMS45, RMS60 and 
Standard Error Profile 

Daily / 
Weekday 

Top 8 Daily RMS1, RMS5, 
RMS10, RMS20, RMS30, 

RMS45, RMS60 and 
Standard Error Profile 

Weekly NA 

Monthly 

Top 8 Monthly RMS1, 
RMS5, RMS10, RMS20, 

RMS30, RMS45, RMS60 and 
Standard Error Profile 

Quarterly 

Top 8 Quarterly RMS1, 
RMS5, RMS10, RMS20, 

RMS30, RMS45, RMS60 and 
Standard Error Profile 

Yearly 

Top 8 Yearly RMS1, RMS5, 
RMS10, RMS20, RMS30, 

RMS45, RMS60 and 
Standard Error Profile 

Frequency Error Patterns and Trends Set 
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RMS1 - Root Mean Square of 1-Minute Average Frequency Deviation. 
RMS10 - Root Mean Square of 10-Minute Average Frequency Deviation. 
RMS60 - Root Mean Square of 60-Minute Average Frequency Deviation. 

Hourly 

Hourly RMS1, 
RMS10, RMS60 and 
Average of Previous 

23 Hourly RMS1, 
RMS10 and RMS 60 

Daily / 
Weekday 

Daily RMS1, 
RMS10, RMS60 and 
Average of Previous 

6 Daily RMS1, 
RMS10 and RMS 60 

Weekly 

Weekly RMS1, 
RMS10, RMS60 and 
Average of Previous 
11 Weekly RMS1, 

RMS10 and RMS 60 

Monthly 

Monthly RMS1, 
RMS10, RMS60 and 
Average of Previous 
11 Monthly RMS1, 

RMS10 and RMS 60 

Quarterly 

Quarterly RMS1, 
RMS10, RMS60 and 
Average of Previous 
3 Quarterly RMS1, 
RMS10 and RMS 60 

Yearly 

Yearly RMS1, 
RMS10, RMS60 and 
Average of Previous 
12  Yearly RMS1, 
RMS10 and RMS 60 

RMS1 for Hour 3 of 10/1/2008 

RMS5 for Hour 3 of 10/1/2008 

RMS60 for Hour 3 of 10/1/2008 

Average of  
Previous 23 Hourly RMS1s  

Average of  
Previous 23 Hourly RMS60s  

Frequency Error Patterns and Trends Set 
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Hourly 

 Hourly Mean, 
Mean+Std and 
Mean-Std of 

Hourly 
Frequency 
Deviation 

Daily / 
Weekday 

Weekday 
Mean, 

Mean+Std and 
Mean-Std of 

Hourly 
Frequency 
Deviation 

Weekly 

Weekly Mean, 
Mean+Std and 
Mean-Std of 

Hourly 
Frequency 
Deviation 

Monthly 

Monthly 
Mean, 

Mean+Std and 
Mean-Std of 

Hourly 
Frequency 
Deviation 

Quarterly 

Quarterly 
Mean, 

Mean+Std and 
Mean-Std of 

Hourly 
Frequency 
Deviation 

Yearly 

Yearly Mean, 
Mean+Std and 
Mean-Std of 

Hourly 
Frequency 
Deviation 

Mean of Frequency Deviation 
For Hour 5 

Mean + Std of Frequency Deviation 
For Hour 5 

Mean - Std of Frequency Deviation 
For Hour 5 

Frequency Error Patterns and Trends Set 
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NERC FMA 
Data Collection Capability 
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Select Interconnection Select Data  
Source Select Device 

Select  
Time Range 

Chart Option 

Select Page  
End Date/Time 

 Page Slider 

Save Data 
 to .csv or .xls File 

Print Data 

Data Collection Capability 
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NERC FMA 
Reports Overview 
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Select Interconnection 

Select Data  
Source 

Select  
Report Type 

Save Report 
to csv or xls 

File 

Show Report 

RMS1 - Root Mean Square of 1-Minute Average Frequency Deviation. 
RMS10 - Root Mean Square of 10-Minute Average Frequency Deviation. 
RMS60 - Root Mean Square of 60-Minute Average Frequency Deviation. 

Periodic Reports Capability 
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Retrieve  
FMA Automatically Created 

 Reports 

Retrieve Reports Capability 
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Archive Phasor and SCADA 
Data Availability 

RECOMMENDATION – Before Setting the time-window and type of data 
to use for your analysis,  check the percentage data availability 

from the tables in the next five slides, and adjust your 
analysis results accordingly 
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FMA Phasor 1-Second and SCADA 10-
Second Source Devices Data Availability 

Revision: 12.22.08 

RECOMMENDATION – Before Setting the time-window and type of data 
to use for your analysis,  check the percentage data availability 

from the above and next four slides tables, and adjust your 
analysis results accordingly 
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FMA Missing Data for More Than 24-Hour 
for Eastern Three PMU Phasor Devices 

Revision: 12.22.08 
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FMA Missing Data for More Than 24-Hour for 
Western and ERCOT FNET Phasor Devices 

Revision: 12.22.08 
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FMA Missing Data for More Than 24-Hour 
for Eastern FNET Phasor Devices 

Revision: 12.22.08 
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FMA Missing Data for More Than 24-Hour for 
Eastern and Western SCADA Devices 

Revision: 12.22.08 
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ERCOT Missing Data for More Than 24-Hour 
for ERCOT2Sec Devices 

Revision: 12.22.08 
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FMA Missing Data for More Than 24-Hour for 
Eastern, Western and ERCOT Time Error 

Correction 
Revision: 12.22.08 
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NERC FMA Application 
Frequency Performance 

Function and Visuals 
 

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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NERC FMA Application 
Event Analysis 

Function and Visuals 
 

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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