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Agenda  
Resources Subcommittee 
 
 
October 27, 2010 | 8 a.m.–5 p.m. 
October 28, 2010 | 8 a.m.–12 p.m. 
Hosted by PJM Interconnection L.L.C. 
Philadelphia Airport Marriott 
1 Arrivals Rd. 
Philadelphia, Pennsylvania 19153 
Phone: (215) 492-9000 
 
 

1. Administrative 
a. Membership and Guests — Terry Bilke 

i) Attachment: RS Organization and Assignments 

ii) Attachment: RS Roster 

iii) Attachment: RS Survey Contacts 

b. Arrangements — Tom Vandervort 

c. Approval of Meeting Minutes — Terry Bilke 

i) Attachment: July 28, 2010 RS Meeting Minutes 

d. Approval of the Meeting Agenda 

e. Procedures 

i) Attachment: Parliamentary Procedures — Terry Bilke 

ii) Attachment: Antitrust Compliance Guidelines — Tom Vandervort 

f. Resources Subcommittee Action Items List (review prior to the meeting) — Terry 
Bilke 

i) Attachment: RS Action Items List 

g. NERC–RS Confidentiality Agreement — Terry Bilke 

i) Attachment: Confidentiality Agreement 

h. Resources Subcommittee Scope, Available on NERC RS website — Tom 
Vandervort 

i) RS Scope Link: http://www.nerc.com/docs/oc/rs/RS_Scope.pdf   



 

Resources Subcommittee Meeting Agenda 
October 27–28, 2010 

2

 
2. Working Groups and Task Force Reports 

 Working Group Meetings, Conference Calls, or Action since the last RS Meeting 

a. Frequency Work Group — Sydney Niemeyer 

b. Inadvertent Interchange Work Group — Don Badley 

c. Operating Reserves Work Group — Larry Akens 

d. ACE Diversity Interchange Task Force — Don Badley 

i) Attachment: ADITF White Paper, To be sent under separate cover 
 

3. NERC Related Activity 
a. NERC Operating Committee Meeting – RS Assignments — Terry Bilke, Jerry 

Rust 

i) OC asked the RS to draft a short position paper on Frequency Response 

(1) Attachment: RS Draft Position Paper on Frequency Response 

ii) Work with the ORS to identify which of the current metrics tracked by the 
RMWG should be on the OC radar for continued tracking and review 

b. Frequency Response Initiative, Activity and RS Assignments — Bob Cummings 

c. FERC Technical Conference on Frequency Response, Sep 23 – Terry Bilke, Mike 
Potishnak, Don Badley, Bill Herbsleb, Sydney Niemeyer, Bob Cummings, Doug 
Hils 

d. Frequency Excursions in the Eastern Interconnection – Terry Bilke 

i) Attachment: Table – Frequency Excursions in EI, Nov 09 – Sep 10  

e. Frequency Event Repository - Short-term (NERC Situation Awareness) and 
Long-term (FMA Application)  – Terry Bilke, Jessica Bian, Tom Vandervort 

f. Reliability Metrics Working Group (RMWG) — Jessica Bian, Jerry Rust  
 

4. NERC Reliability Standards and Reliability Related Documents 
a. Frequency Response SDT — Bill Herbsleb 

b. Balancing Authority Reliability-based Control SDT — Doug Hils, Larry Akens 

c. NERC OC Operating Manual 

1. Link to NERC OC Operating Manual - http://www.nerc.com/files/opman_12-
13Mar08.pdf    

i) Area Interchange Error Survey Training Document – Don Badley and 
Inadvertent Interchange Working Group 

ii) Frequency Response Characteristic Survey Training Document – Sydney 
Niemeyer and Frequency Working Group 
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iii) Inadvertent Interchange Accounting Training Document – Don Badley and 
Inadvertent Interchange Working Group 

iv) Time Monitoring Reference Document – Don Badley and Inadvertent 
Interchange Working Group 

d. Balancing and Frequency Control Document, RS Document – Terry Bilke, Alan 
O’Neal 

i) Attachment Balancing and Frequency Control Draft – To be sent under 
separate cover 

e. NWPP BAL-002 Interpretation 

i) Attachment 4ei - E-mail Terry Bilke to the RS requesting comments 

ii) Attachment 4eii - BAL-002 Interpretation Notes by Terry Bilke 

iii) Attachment 4eiii - BAL-002 RFI Ballot Response 
 

5. RS Software Applications 
a. Resources Adequacy (ACE-Frequency) Application — Gil Tam, Terry Bilke 

b. Intelligent Alarms — Gil Tam, Terry Bilke 

c. AIE Monitoring Application — Gil Tam, Don Badley, Bill Herbsleb 

d. CPS1 & BAAL Monitoring Application— Gil Tam, Doug Hils 

e. Frequency Monitoring and Analysis Application — Gil Tam, Sydney Niemeyer, 
Bill Herbsleb, Terry Bilke 

f. Inadvertent Interchange Application — Gil Tam, Don Badley, Bill Herbsleb 

g. NERC-CERTS-RS Inadvertent Interchange Application Creation of “Pseudo-BA” 
– Terry Bilke, Gil Tam 

h. NERC North American SynchroPhasor Initiative (NASPI) and Real-time 
Dynamic Measuring System (RTDMS) — Terry Bilke, Bob Cummings 

i. ARR Daily Events – Question: Only the EI Events are shown on the daily 
Automated Reliability Reports.  What about the Western and ERCOT 
Interconnections? 

 
6. Frequency and Control Performance  

a. Western Interconnection Frequency Trends and Events — James Murphy 

b. Eastern Interconnection Frequency Trends and Events — Terry Bilke 

c. ERCOT Interconnection Frequency Trends and Events — Sydney Niemeyer 

d. Hydro Quebec Interconnection Frequency Trends and Events — Mike Potishnak 

e. CPS1, CPS2, BAAL Data Trends — Terry Bilke 

f. DCS Data Trends — Terry Bilke 
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g. FRCC Request Made by RS Chair for all FRCC BAs to use the NERC 
Inadvertent Interchange Application – Terry Bilke 

h. FRCC Reedy Creek to merge into Progress Energy BA – Don McInnis, Terry 
Bilke 

i. Inadvertent Interchange Accounting — Don Badley, Bill Herbsleb 

i) Balances 

ii) Mismatches 

iii) Remaining Transition Issues 

j. FERC Study on Frequency Response of Renewable Resources – Eddy Lim 

i) Attachment – FERC Study 
 

7. Time Error 
a. Eastern Interconnection — Bill Herbsleb 

b. Western Interconnection — John Tolo 

c. ERCOT Interconnection — Sydney Niemeyer 

d. Hydro Québec Interconnection — Mike Potishnak 

 
8. Future Meetings 

a. October 27–28, 2010 – Valley Forge / Philadelphia, PA, PJM Interconnection 
Contact: Bill Herbsleb 

b. January 26–27, 2011 – Austin, TX, ERCOT Office Contact: Sydney Niemeyer 

c. April 20–21, 2011 – San Diego, CA Location TBD, Contact WECC RS Members 

d. July 27–28, 2011 – Denver, CO Location TBD, Contact WECC RS Members 

e. October 26–27, 2011 Location TBD, Contact TBD 

 
 
* Future RS meetings need to be held at region, utility, or volunteer facilities 
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Minutes 
Resources Subcommittee (RS) 
 
July 28–29, 2010 
Gulf Power Company Headquarters, Room 596 
500 Bayfront Parkway 
Pensacola, FL 32502 
 

A meeting of the North American Electric Reliability Corporation (NERC) Resources 
Subcommittee (RS) was held on July 28–29, 2010 at the Gulf Power Company 
Headquarters in Pensacola, Florida.  The agenda and attendance list are attached as 
(Exhibits A and B), respectively.  There are no individual statements or minority 
opinions. 
 
Resources Subcommittee Chair Terry Bilke presided and a quorum was present. 
 
Resources Subcommittee Appreciation for Meeting Host Ameren 
Corporation  
The Resources Subcommittee acknowledges and appreciates the hospitality that the Gulf 
Power Company and specifically Tommy Pearson, Kathy Casey, and Beth Burleson 
provided to the subcommittee as it hosted the RS meeting at their facility; and Southern 
Co.’s Mike Oatts and Raymond Vice for arranging the meeting. 
 
Antitrust Compliance Guidelines 
Secretary Vandervort acknowledged the NERC Antitrust Compliance Guidelines. 
 
April 28, 2010 RS Meeting Minutes  
The RS approved the April 28, 2010 RS meeting minutes.   
 
Resources Subcommittee Welcomes New Member and Recognizes 
Raymond Vice 
The Resources Subcommittee welcomed Tony Nguyen, from British Columbia Hydro 
Company, as a WECC Canadian representative to the subcommittee.   
 
The RS also recognized and presented Raymond Vice with a plaque in appreciation for 
his long-term service to the Resources Subcommittee and as the Chairman of the 
Frequency Working Group demonstrating his superior leadership, dedication, and 
contribution to improving the Frequency and Control Performance of the Bulk Power 
System in North America. 

Attachment 1.c.
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Frequency Working Group  Chair Sydney Niemeyer 
Mr. Niemeyer reported that the Frequency Working Group did not have a meeting or 
activity since the last RS meeting.  Frequency Working Group members are very 
involved in the NERC Frequency Response Initiative, the Frequency Response Standard 
Drafting Team, the Reliability Based-Control Standard Drafting Team, and the Balancing 
Authority-Control Standard Drafting Team. 
 
Inadvertent Interchange Working Group  Chair Don Badley 
Mr. Badley reported that the Western Interconnection is using the WECC Interchange 
Tool (WIT), for Automatic Time Error Correction (ATEC), inadvertent interchange, and 
the hourly ACE equation.  The WIT has been very successful in calculating the 
inadvertent interchange.  Current WECC inadvertent interchange is only paid back via 
the ATEC and WIT applications.  There is no unilateral or bilateral inadvertent 
interchange payback allowed.   
 
Bill Herbsleb reported that the Eastern Interconnection have historical imbalances that 
need to be zeroed.  The problem is that it is hard to find balancing authority inadvertent 
interchange data that predates mergers, acquisitions, etc and to find individuals that have 
the data in order to address and correct the old balances. 
 
Motion: Doug Hils moved to establish in the NERC Inadvertent Interchange software 
application, a PSEUDO-BA (only in the Inadvertent Interchange software application) in 
the Eastern Interconnection to correct the pre-w007 accumulated Inadvertent Interchange 
carry forward errors (both “On-Peak” and “Off-Peak”) in order to establish a balanced 
interconnection summary going forward.  The account is not to be used to correct for 
monthly mismatches after 2007.  The motion passed. 
 
Operating Reserves Working Group  Chair Larry Akens 
Mr. Akens reported that the Operating Reserves Working Group did not have a meeting 
or activity since the last RS meeting.  Operating Reserves Working Group members are 
very involved in the Balancing Authority-Control Standard Drafting Team.  The 
BACSDT is addressing spinning reserves, demand reserves, and “reserves” definitions, 
uses, characteristics, deployment, etc.  The BACSDT, including Operating Reserve 
Working Group members will post for comment a white paper on Reserves. 
 
ACE Diversity Interchange (ADI) 
Don Badley, the ADI Task Force chair, reported that the ADITF is in the process of 
drafting an ADI white paper (Exhibit C).  The ADITF plans to continue drafting the 
white paper and then post it for industry comments in the near future.  The ADITF was 
created by the NERC Operating Committee and is comprised of members of the RS, 
Interchange Subcommittee, and Operating Reliability Subcommittee. 
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Frequency Response Initiative 
Bob Cummings, NERC Director of System Analysis and Reliability Initiatives, and the 
Frequency Response Standard Drafting Team, the Reliability-based Control Standard 
Drafting Team, industry subject matter experts, the Balancing Authority-control Standard 
Drafting Team, the Frequency Working Group, and the Resources Subcommittee are 
collaborating on addressing and resolving frequency response and governor control issues 
and concerns.  The RS Frequency Working Group is assisting the Frequency Response 
Initiative, the Frequency Response Standard Drafting Team, and the NERC effort to 
revise BAL-003 regarding the interconnection frequency performance and trends. 
 
Under Frequency Load Shedding Program 
Secretary Vandervort will remove the “Current Summary of Under Frequency Load 
Shedding Programs and Analysis Activities” (NERC filed the document with FERC on 
November 17, 2007) from the Resources Subcommittee website, when Standards 
Program, Project 2007-001, PRC-006-1 is approved by FERC.  The new standard will 
give guidance on how to establish UFLS set-points, collect the UFLS data and create a 
data repository for the regional UFLS data. 
 
Performance Standard Reference Guidelines  
Secretary Vandervort reported that the Operating Committee approved the RS 
Performance Standard Reference Guidelines during its June, 2010 OC meeting.  The 
PSRG superseded and replaced the Performance Standard Reference Document in the 
NERC Operating Manual.   
 
NERC Active Resources Subcommittee Applications 
Consortium for Electric Reliability Technology Solutions (CERTS) project managers Gil 
Tam and Carlos Martinez presented a status of the NERC RS applications, see (Exhibit 
D).  The presentation included the following notable milestones or action items: 
 
Inadvertent Interchange Application: Version 3.5 – Change of Scope for the 
application with missing or mismatched data trigger notification. 
 
Intelligent Alarms Application: Evaluation of alarm threshold for use by the Reliability 
Coordinators is in process.  If successful, the new alarm threshold will be implemented 
with RS endorsement. 
 
Frequency Monitoring and Analysis Application: Version 2.0 Change of Scope for 
application with BA data entry for Frequency Response calculation was released for RS / 
FRRSDT field testing.  The release for field testing was delayed to resolve two variances 
to include calculation of BAs’ frequency response. 
 
DOE North American SynchroPhasor Initiative (NASPI) – Information Only 
Mr. Bilke reported that the NASPI Real Time Data Measuring System (RTDMS), 
Version 7.0 (Exhibit E) will be released for field testing and industry evaluation on 
September 30, 2010.  Mr. Bilke suggests that all RS members should review the RTDMS 



 

Resources Subcommittee Meeting Minutes 
July 28–29, 2010 

4 

application and consider joining the RTDMS User’s Group.  Additional information can 
be found on the following Web sites: 

 
• http://www.naspi.org/ 

• http://www.powerit.vt.edu/Fnet.htm  

• www.rtdmsusersgroup.org<http://www.rtdmsusersgroup.org> 

 
FERC Study on Frequency Response of Renewable Resources 
Mahmood Mirheydar reported that FERC is performing a study to determine if frequency response is 
an appropriate metric to assess the reliability impacts of integrating renewable resources is complete 
but has not been released to the public.  The report may be released to the public before the next RS 
meeting, if so, Mr. Mirheydar will be able to report on the results, conclusions, and 
recommendations. 
 
Time Error Monitoring 
The subcommittee reported the following time error monitoring statistics: 
 

       Interconnection Time Error Totals    Jan – Mar, 2010 
 Fast Time 

Error 
Corrections 

Slow Time 
Error 
Corrections 

Total Time 
Error 
Corrections 

Eastern Interconnection       70         0       70 
Western Interconnection       27       20       47 
ERCOT #       29         5       34 
Hydro Québec * - - - - - - - - - - - - - - - 

* Hydro Quebec has a frequency based time error monitoring process that does not fit 
this table. 
   
Performance Monitoring 
• CPS1 Review 
• CPS2 Review 
• DCS Review 
 
The NERC compliance program determines control performance standards CPS1, CPS2, 
and disturbance control standard (DCS) violations, penalties, and monitors corrective 
actions.  The Resources Subcommittee members are required to sign a NERC 
Confidentiality Agreement prior to reviewing and discussing the CPS1, CPS2, and DCS 
reports. 
 
Due to the confidential nature of the data, details of the discussion and review the results 
of the call cannot be disclosed. 
 

http://www.naspi.org/�
http://www.powerit.vt.edu/Fnet.htm�
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Resources Subcommittee Action Item List 
Tom Vandervort reviewed and updated the action item list, which is affixed as (Exhibit 
F). 
 
Dates and Locations of Future Meetings 
Additional meetings or conference calls may be scheduled as necessary for RS business-
related purposes. 
 
Wednesday, October 27, 2010 
Thursday, October 28, 2010 

8 a.m. – 5 p.m. 
8 a.m. – noon 

Philadelphia, PA 
Host: PJM Office or TBD * 
Coordinator: Bill Herbsleb 

Wednesday, January 26, 2011 
Thursday, January 27, 2011 

8 a.m. – 5 p.m. 
8 a.m. – noon 

Austin, TX 
Host: ERCOT Office * 
Coordinator: Sydney Niemeyer 

Wednesday, April 20, 2011 
Thursday, April 21, 2011 

8 a.m. – 5 p.m. 
8 a.m. – noon 

San Diego, CA 
Host: TBD, WECC RS members * 
Coordinator: WECC RS Members 

Wednesday, July 27, 2011 
Thursday, July 28, 2011 

8 a.m. – 5 p.m. 
8 a.m. – noon 

Denver, CO 
Host: TBD, WECC RS members* 
Coordinator: WECC RS Members 

Wednesday, October 26, 2011 
Thursday, October 27, 2011 

8 a.m. – 5 p.m. 
8 a.m. – noon 

Las Vegas, NV 
San Diego, CA (alternate site) 
Host: TBD, WECC RS members* 
Coordinator: WECC RS Members 

* Future RS meetings will be hosted at RS member, Region, utility, or volunteer 
facilities. 
 
Respectfully submitted, 

Tom Vandervort 
Thomas J. Vandervort 
Resources Subcommittee Secretary 
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Agenda  
Resources Subcommittee 
 
 
July 28, 2010 | 8 a.m.–5 p.m. 
July 29, 2010 | 8 a.m.–12 p.m. 
Gulf Power Co. Headquarters, Room 596 
500 Bayfront Parkway 
Pensacola, FL 32502 
 

1. Administrative 
a. Membership and Guests — Terry Bilke 

i) Attachment: RS Organization and Assignments 

ii) Attachment: RS Roster 

iii) Attachment: RS Survey Contacts 

b. Arrangements — Tom Vandervort 

c. Approval of Meeting Minutes — Terry Bilke 

i) Attachment: April 28, 2010 RS Meeting Minutes 

d. Approval of the Meeting Agenda 

e. Procedures 

i) Attachment: Parliamentary Procedures — Terry Bilke 

ii) Attachment: Antitrust Compliance Guidelines — Tom Vandervort 

f. Resources Subcommittee Action Items List (review prior to the meeting) — Terry 
Bilke 

i) Attachment: RS Action Items List 

g. NERC–RS Confidentiality Agreement — Terry Bilke 

i) Attachment: Confidentiality Agreement 

h. Resources Subcommittee Scope, Available on NERC RS website — Tom 
Vandervort 

i) RS Scope Link: http://www.nerc.com/docs/oc/rs/RS_Scope.pdf   

 

Exhibit A
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2. Working Groups and Task Force Reports 
Working Group Meetings, Conference Calls, or Action since the last RS Meeting 

a. Frequency Work Group — Sydney Niemeyer 

b. Inadvertent Interchange Work Group — Don Badley 

c. Operating Reserves Work Group — Larry Akens 

d. ACE Diversity Interchange Task Force — Don Badley 

 

3. NERC Related Activity 
a. NERC Operating Committee Meeting – RS Assignments — Terry Bilke, Jerry 

Rust 

b. Frequency Response Initiative, Activity and RS Assignments — Bob Cummings 

c. Reliability Metrics Working Group (RMWG) — Jessica Bian, Jerry Rust  

d. Reliability Fundamentals Working Group (RFWG) — Jerry Rust   

 

4. NERC Reliability Standards and Reliability Related Documents 
a. Frequency Response SDT — Bill Herbsleb 

b. Reliability-based Control SDT — Doug Hils, Sydney Niemeyer 

c. Balancing Authority Control SDT — Larry Akens 

d. NERC OC Operating Manual 

(1) Link to NERC OC Operating Manual - 
http://www.nerc.com/files/opman_12-13Mar08.pdf    

i) Performance Standards Guidelines, Approved by OC on June 15, 2010 — 
Terry Bilke 

ii) Area Interchange Error Survey Training Document – Don Badley and 
Inadvertent Interchange Working Group 

iii) Frequency Response Characteristic Survey Training Document – Sydney 
Niemeyer and Frequency Working Group 

iv) Inadvertent Interchange Accounting Training Document – Don Badley and 
Inadvertent Interchange Working Group 

v) Time Monitoring Reference Document – Don Badley and Inadvertent 
Interchange Working Group 

e. Balancing and Frequency Control, RS Document – Terry Bilke 

 

http://www.nerc.com/files/opman_12-13Mar08.pdf�
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5. RS Software Applications 
a. Resources Adequacy (ACE-Frequency) Application System — Gil Tam, Carlos 

Martinez, Terry Bilke 

b. Intelligent Alarms — Gil Tam, Carlos Martinez, Terry Bilke 

c. AIE Monitoring Application — Gil Tam, Carlos Martinez, Don Badley, Bill 
Herbsleb 

d. CPS1 & BAAL Monitoring Application— Gil Tam, Carlos Martinez, Doug Hils 

e. Frequency Monitoring and Analysis Application — Gil Tam, Carlos Martinez, 
Sydney Niemeyer, Bill Herbsleb, Terry Bilke 

f. Inadvertent Interchange Application — Gil Tam, Carlos Martinez, Don Badley, 
Bill Herbsleb 

g. NERC-CERTS-RS Inadvertent Interchange Application Training – Terry Bilke, 
Gil Tam, Carlos Martinez 

h. NERC North American SynchroPhasor Initiative (NASPI) — Terry Bilke, Bob 
Cummings 

 

6. Frequency and Control Performance  
a. Western Interconnection Frequency Trends and Events — James Murphy 

b. Eastern Interconnection Frequency Trends and Events — Terry Bilke 

c. ERCOT Interconnection Frequency Trends and Events — Sydney Niemeyer 

d. Hydro Quebec Interconnection Frequency Trends and Events — Mike Potishnak 

e. CPS1, CPS2, BAAL Data Trends — Terry Bilke 

f. DCS Data Trends — Terry Bilke 

g. Inadvertent Interchange Accounting — Don Badley, Bill Herbsleb 

i) Balances 

ii) Mismatches 

iii) Remaining Transition Issues 

h. FERC Study on Frequency Response of Renewable Resources —Mahmood 
Mirheydar 

i) Attachment – FERC Study
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7. Time Error 
a. Eastern Interconnection — Bill Herbsleb 

b. Western Interconnection — John Tolo 

c. ERCOT Interconnection — Sydney Niemeyer 

d. Hydro Québec Interconnection — Mike Potishnak 

 

8. Future Meetings 
a. October 27–28, 2010 — Valley Forge/Philadelphia, PA, PJM Interconnection 

Contact: Bill Herbsleb 

b. January 26–27, 2011— Austin, TX, ERCOT Office Contact: Sydney Niemeyer 

c. April 20–21, 2011 — San Diego, CA Location TBD, Contact WECC RS 
Members 

d. July 27–28, 2011 — Denver, CO Location TBD, Contact WECC RS Members 

* Future RS meetings need to be held at region, utility, or volunteer facilities 
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Attendance List  
Resources Subcommittee Meeting 
 
 
July 28–29, 2010  
Gulf Power Co. Headquarters 
Pensacola, FL  
 

Name    Attendance 
Terry Bilke, Chair   Y 
Don Badley, Vice Chair  Y 
Sydney Niemeyer   Y 
Don McInnis    N 
Bill Kunkel    Y 
Mike Potishnak   Y 
Bill Herbsleb    Y 
John Swez    N 

          Proxy: Doug Hils  Y 
Larry Akens    Y 
Gerry Beckerle   Y 
Mike Oatts    N 

         Proxy: Raymond Vice Y    
Robert Rhodes   N 
James Murphy   Y 
John Tolo    Y 
Tony Nguyen    Y 
Tom Vandervort   Y 

 
Mahmood Mirheydar  Y 
Carlos Martinez   Y 
Gil Tam    Y 
LeRoy Patterson   Y 
Bob Cummings   N 
Phil Tatro    Y 
Tom Pearson   Y 
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D R A F T  

ACE Diversity Interchange White Paper 

Authored By The NERC ACE Diversity Interchange Task Force 

June 15, 2010 

Updated July 14, 2010 

 

Background 

ACE Diversity Interchange (ADI) is a process in which participating Balancing 
Authorities exchange information related to their raw Area Control Error values 
(ACE) to develop ACE adjustment values.  When there is a diversity of algebraic 
sign among ADI participants, ADI adjustments are applied to yield final ACE values 
that are closer to zero, which can yield benefits to the participating Balancing 
Authorities as described below.  ADI is considered by many to be a form of 
supplemental regulation, and there have been five implementations since the 
1990s, of which two have been retired.  

 

Balancing Authorities participating in ADI cite the following benefits as reasons for 
their participation: low cost and ease of implementation; lesser output 
adjustments that reduce heat rate degradation and “wear and tear”; improved 
compliance with NERC criterion CPS 2; and, reduced regulation requirements to 
achieve a similar level of compliance while having fewer generators operate out 
of economic merit order.  

 

 There have been differences among these ADI Implementations.  There is active 
debate within the industry as to whether ADI is compatible with current NERC 
standards.   In response to a March 12, 2009 letter to the NERC Operating 
Committee from Duke Energy expressing concerns related to ACE Diversity 
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Interchange, the NERC Operating Committee directed the NERC Resources 
Subcommittee to take the lead in forming an ADI Task Force to address these 
concerns.  The ADI Task Force also includes representation from the Interchange 
Subcommittee and the Operating Reliability Subcommittee as specified by the 
NERC Operating Committee. 

 

Purpose 

The purpose of this white paper is to address industry concerns related to the 
usage of ADI.  At a higher level, these concerns have been divided into reliability, 
administrative, and equity concerns and are addressed below in those terms.  ADI 
interactions with present applicable NERC standards are also addressed below.  
Emphasis will be placed on reliable operations and compliance with existing NERC 
standards.  Recommendations to address these concerns are provided.  Possible 
areas of improvement will be noted, and an overall assessment will be provided 
as to whether ADI can be implemented without having an adverse impact on 
interconnection reliability. 

 

Relevant Definitions From The NERC Glossary 

Relevant definitions that exist presently in the NERC glossary are provided below 
for convenience.  Note that a definition for ADI does not exist within the NERC 
glossary at this time, and a working definition consistent with the three ADI 
implementations presently in existence will be provided below. 

 

Area Control Error – The instantaneous difference between a Balancing 
Authority’s net actual and scheduled interchange, taking into account the 
effects of Frequency Bias and correction for meter error. 

 



Inadvertent Interchange Energy- The difference between the Balancing 
Authority’s Net Actual Interchange and Net Scheduled Interchange. 

 

Dynamic Transfer- The provision of the real-time monitoring, telemetering, 
computer software, hardware, communications, engineering, energy 
accounting (including inadvertent interchange), and administration 
required to electronically move all or a portion of the real energy services 
associated with a generator or load out of one Balancing Authority Area 
into another.  

 

Dynamic Schedule - A telemetered reading or value that is updated in 
real time and used as a schedule in the AGC/ACE equation and the 
integrated value of which is treated as a schedule for interchange 
accounting purposes. Commonly used for scheduling jointly owned 
generation to or from another Balancing Authority Area. 

 

Pseudo-Tie - A telemetered reading or value that is updated in real-time 
and used as a “virtual” tie line flow in the AGC/ACE equation but for 
which no physical tie or energy metering actually exists. The integrated 
value is used as a metered MWh value for interchange accounting 
purposes.   

 

Regulating Reserve - An amount of reserve responsive to Automatic 
Generation Control, which is sufficient to provide normal regulating margin. 

 

Supplemental Regulation - A method of providing regulation service in 
which the Balancing Authority providing the regulation service receives a 
signal representing all or a portion of the other.   



 

 

Basic ADI Operating Concepts 

In the review of the three remaining ADI implementations, the following working 
definition has been developed for the ADI process. 

 

“ACE Diversity Interchange is a form of supplemental regulation that uses real-
time, sub-minute adjustments to the initial ACE values of participating Balancing 
Authorities that always net to zero and become non-zero individually when at 
least one participating Balancing Authority’s initial ACE value differs in algebraic 
sign from at least one other participating Balancing Authority’s ACE.  Participating 
Balancing Authorities achieve reductions in their control and reporting ACE values 
via dynamic transfers of the ACE adjustments computed by an ACE Diversity 
Interchange algorithm.” 

 

While ACE adjustment allocation methods may differ among the ADI 
implementations, two key features are that the computed ACE adjustments must 
always have a zero sum and the computed adjustment will equal zero in the 
absence of diversity in algebraic sign.  The latter feature distinguishes the ADI 
process from other forms of supplemental regulation. 

 

ADI Implementation Mechanics 

The ADI process as defined above utilize dynamic transfers in order to achieve 
final ACE values of lesser magnitude within the ACE equations of the participating 
Balancing Authorities.  While the three present ADI implementations all use a 
pseudo-tie, a similar result can be obtained by using a dynamic schedule instead 
of a pseudo-tie. 
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ADI processes depend on the timely exchange of relevant data, and consistent 
implementation of ACE adjustment values in the approximate timeframe of EMS 
scan rates (e.g., 4 seconds).   While the information exchange processes used for 
ADI have very high availability, Balancing Authorities participating in ADI have 
backup plans to address failures in data exchange communications. 

 

The ADI processes that exist presently allow for individual Balancing Authorities to 
enable or disable their participation in real-time, and allow for a global enabling 
or disabling of ADI when appropriate. 

 

Balancing Authorities participating in ADI communicate with their Transmission 
Operators and Reliability Coordinators, often with a consistent set of data being 
exchanged, to address congestion management problems that might be affected 
adversely by the continued use of ADI. 

 

Present ADI implementations all require that the participating Balancing 
Authorities are electrically contiguous. 

 

Balancing Authorities presently utilizing ADI do not use transmission reservations 
for inadvertent power flows that are allowed to persist at times during the ADI 
process.  The common premise is that ADI will use only unallocated transmission 
after energy markets of higher priority have used their transmission allocations.  
The ADI process will be disabled in the event that normal or contingent 
operations newly require the use of transmission possibly being used for ADI-
related power flows.  Most often, the inadvertent power flows do not persist for 
extended periods and would net reasonably close to zero over longer intervals.  
The present ADI implementations all have limits on the magnitude of ADI 
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exchanges, and are overseen by subject matter experts so that adverse impacts 
on transmission are not a common occurrence.  

 

In theory, the resultant ACE adjustment values should net to zero in the longer 
term if ACE values are more or less random, normally distributed, and having a 
mean of zero.  Deviations from this basic premise could impact inadvertent 
energy accumulations.  Present ADI implementations all track the impact that the 
ADI process is having on hourly inadvertent and its cumulative impact in the 
longer term (e.g., monthly).  Differing methods are in use among the present ADI 
implementations to address various aspects of managing inadvertent.  

 

Balancing Authorities participating in ADI cite the following benefits as reasons for 
their participation: lesser output adjustments that reduce heat rate degradation 
and “wear and tear”; improved compliance with NERC criterion CPS 2; and, 
reduced regulation requirements to achieve a similar level of compliance while 
having fewer generators operate out of economic merit order.  

 

Industry Concerns Expressed Related To ADI 

The following reliability concerns have been expressed about present and future 
implementations of ADI, and other forms of supplemental regulation: 

R1 – Can system frequency be affected adversely  by ADI? 

R2 – Does ADI create congestion management problems? 

R3 – Does the presence ADI create system modeling difficulties? 

R4 – Does ADI detract from the effectiveness of CPS 2 in limiting unscheduled net 
flows emanating from participating Balancing Authorities? 

R5 – Will ADI hamper the development of future transmission-based ACE limits? 



R6 – Are there sufficient controls in place such that Balancing Authorities, 
Reliability Coordinators, and Transmission Operators can observe any adverse 
impacts being caused by ADI? 

R7 – Will ADI obscure DCS measurements such that contingencies will in part be 
exported without proper attendant monitoring? 

R8 – Will inconsistencies in ADI implementations hamper the ability of Reliability 
Coordinators to manage their interconnections? 

 

The following administrative concerns have been expressed: 

A1 – Does ADI cause any inherent conflicts with the assignment of functions 
among  entities described in the industry’s reliability functional model? 

 A2 – Does ADI complicate computations related to transfer capability? 

A3 – Are transmission service requirements addressed adequately in the presence 
of ADI? 

A4 – How should transmission reservations be addressed in the presence of ADI? 

A5 – Are inadvertent accounts being managed properly in the presence of ADI? 

 

The following equity concerns have been expressed: 

E1 – Does ADI give unfair advantages to its participants related to CPS 2? 

E2- Does ADI interfere with energy or regulation markets? 

E3 – Are there equity concerns related to inadvertent? 

E4 – Are there inequities within the ADI allocation methodologies related to the 
size of participating Balancing Authorities? 

 



Discussion Of Reliability Concerns And Associated Recommendations 

The NERC ADI Task Force has reviewed the reliability concerns stated above, and 
discussions for each follow below.  Operating principles to allay these concerns 
are provided below as well. 

 

Concerns related to system frequency (R1) were discussed extensively.  As all 
present ADI implementations assure that computed ACE adjustments sum to 
zero, and all have backup plans to maintain a zero sum when communications 
failures arise, the goal of frequency neutrality for ADI processes is being achieved.  
Possible second order affects related to some ADI participants’ AGC systems 
responding faster than others were considered as well.  As the sign of frequency 
and raw ACE values are in a constant state of flux, it appears that the faster 
responding Balancing Authorities are equally likely to help or hurt frequency.  
Also, given the relatively small magnitudes of ACE adjustments in use (largest limit 
= 50 MW), it seems clear that instances of adverse impact on frequency would be 
infinitesimal.  The following operating principles will assist in assuring that system 
frequency is not affected adversely. 

OP1 - Allowing for small variations due to data exchange latency times and 
possibly different scan rates, the algebraic sum of the ACE adjustment terms used 
in participating Balancing Authorities’ ACE equations shall equal zero so that 
frequency is not affected adversely.  {R1, R8} 

OP2 - Balancing Authorities that participate in ADI are dependent on successful 
exchange of ACE-related data.  Balancing Authorities participating in ADI shall 
utilize a consistent method of validating the integrity of its data exchange process 
continuously, and implement a consistent backup plan in the event of the loss of 
communications such that the ACE correction terms net to zero and do not affect 
frequency adversely.  Detection of an invalid data exchange due to the loss of 
communications and deployment of the backup plan shall occur within 1 minute 
of the communication failure. {R1, R8} 
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OP3 - All new implementations of ADI shall be reviewed and approved by the 
NERC Resources Subcommittee, who shall verify that the intent of applicable 
Balancing Standards are not compromised by the implementation. {R1, R4, R8, E1} 
 
 
The NERC ADI Task Force discussed to possibility of ADI processes affecting 
transmission systems adversely and causing congestion management problems 
(R2).  An important concept is that unscheduled power flows are the norm in 
interconnected operations, as it is rare to have frequency exactly on schedule and 
Balancing Authorities’ actual power flows exactly match their scheduled values, 
irrespective of ADI processes.  The potential for unscheduled power flows 
adversely impacting transmission outcomes needs to be considered prior to and 
during actual operations.  Present ADI implementations have developed their own 
monitoring and tracking methods to address congestion, and ADI is commonly 
disabled on an anticipatory basis before system conditions evolve in a direction 
that would impact congestion.   The following operating principles will assist in 
assuring that ADI does not affect transmission adversely and cause congestion 
management problems. 
 
OP4 - Balancing Authorities participating in ADI must continuously assure that its 
supplemental regulation is not affecting the transmission system of any member 
of its interconnection adversely.  {R2, R8} 
 
OP5 - Balancing Authorities participating in ADI must develop an appropriate 
methodology to continuously verify that supplemental regulation is not affecting 
the transmission system of any member of its interconnection adversely. {R2, R8} 
 

OP6 - Balancing Authorities participating in ADI shall either be adjacent Balancing 

Authorities, or receive permission from intermediary Balancing Authorities and 
other Balancing Authorities that could plausibly be affected adversely by the 
exchange of supplemental regulation.  Intermediary and other affected Balancing 
Authorities shall be updated continuously with the present ADI values being 
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exchanged so that they can monitor any potentially adverse reliability impacts. 
{R2, R6, R8} 
 
OP7 - The implementation of ADI shall allow participating Balancing Authorities to 
change their participation status in real-time, and the ADI algorithm shall respond 
as soon as possible to adjust supplementary regulation assignments in recognition 
of the status changes. {R2, R6, R8} 
 
OP8 - To allow for timely reliability impact assessments by participating, 
intermediary, and materially affected Balancing Authorities, Transmission 
Operators, and rReliability Coordinators, near real-time observability of 
participation and communication status, raw ACE, ACE adjustment values, and 
final ACE values shall be available to these entities. {R2, R6, R8} 
 
 
With respect to OP5 above, there are some implications that are not obvious. 
Congestion management tools such as the Interchange Distribution Calculator 
(IDC) may be inadequate for modeling supplemental regulation, as its expected 
value in any longer term sense typically equals zero. Note that modeling the most 
positive and most negative values possible within an ADI process in congestion 
management applications may contaminate the data base congestion relief 
efforts (e.g., TLR), as it may falsely assume relief will occur when none is 
forthcoming if the current value of the supplementary regulation being provided 
is not at a boundary value.  ADI assignments commonly vary at a sub-minute 
periodicity while congestion management tools are typically using an hourly 
resolution. 
 
The existence of ADI can present some modeling challenges (R3).  Custom studies 
can be performed in multiple passes using maximum positive and negative ACE 
adjustments to perform sensitivity analyses.  However, the ADI operational 
experience base thus far indicates that existing methods to address transmission 
issues and congestion management have been adequate, and the operating 
principles stated previously should minimize the need for extensive modeling. 
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The impact of ADI on CPS 2 compliance (R4) has been reviewed.  Participants in 
existing ADI applications have performed simulations that indicate that they 
would still be CPS 2 compliant if ADI was not in use.  Additional research is needed 
in this area.  However, OP3 above related to review by the NERC Resources 
Subcommittee should minimize the potential for abuse. 
 
 
R5 above questions whether the existence of ADI will cause a conflict in the 
development of transmission-based ACE limits.  As the ultimate goal of a 
transmission based ACE limit is to successfully bound actual net interchange, 
which is only one component of the ACE equation, other influences such as 
frequency support and inadvertent payback already need consideration.  ADI 
effects will also need to be considered, but the NERC ADI Task Force does not 
believe that this is sufficient “just cause” to eliminate ADI processes from its 
interconnections. 
 
R6 above raises the question of whether Balancing Authorities, Transmission 
Operators, and Reliability Coordinators have sufficient real-time information 
available to assure that ADI does not affect reliability adversely.  Present ADI 
implementations provide a standard real-time data set via data links to interested 
entities that can be used to perform this task.  OP6 and OP8 adequately address 
this concern, and OP7 allows for rapid disabling of ADI should the need arise. 
 
 
The potential for ADI adjustments obscuring DCS compliance (R7) was discussed.  
When all ADI participants are also participating in a Reserve Sharing Group DCS 
group recovery, ADI assignments will net out and compliance evaluations will be 
correct.  In instances where a Balancing Authority is providing supplemental 
regulation to the contingent Balancing Authority but is not providing contingency 
reserve, it may be appropriate to make ACE adjustments for ADI.  Three options 
can be used to circumvent this problem.  (1) ADI can be turned off during a DCS 



event, as one ADI process does presently.  (2)  Simply subtract out all 
supplementary regulation assigned by the ADI process assuming that it was not 
delivered. (3)  Assume that any negative ACE values found for the Balancing 
Authority providing regulation to the contingent Balancing Authority represent a 
failure to provide the supplemental regulation, and so the contingent Balancing 
Authority’s ACE would be reduced by the lesser magnitude of the assigned 
supplementary regulation and the ACE value of the provider of supplemental 
regulation via the ADI process.  With some additional complexity, the ADI impact 
can be managed successfully.  The following operating principle should address 
DCS concerns related to ADI processes. 
 

OP9 - When (a) a Balancing Authority is providing, receiving or exchanging 
supplemental regulation and it experiences a contingency that qualifies as a NERC 
DCS event, and, (b) other Balancing Authorities participating in supplemental 
regulation do not jointly activate contingency reserve for the resource loss, then 
corrections for supplementary regulation to the contingent Balancing Authority’s 
ACE are needed to compute DCS compliance.  The contingent Balancing Authority 
may choose to adjust its reporting ACE by either simply subtracting the 
supplementary regulation received from the its reporting ACE, or reduce it for any 
negative ACE values of those Balancing Authorities providing supplementary 
regulation to it up to the magnitude of the supplementary regulation assignment.  
With these corrections, the Balancing Authority does not need to be considered 
as a de facto member of the Reserve Sharing Group. {R7, R8} 

 
 
R8 questions whether differences among the ADI implementations can hamper 
the ability to properly monitor interconnected operations.  Present ADI 
implementations are consistent in that they are designed to be frequency neutral, 
have backup plans for communication failures, and continuously address 
transmission concerns and observability.  Their differences are found mainly in 
inadvertent accounting practices and in the ADI allocation strategies used.  These 
differences do not affect reliability, and the functional consistency is in place to 
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promote reliable operations.  Operating principles 1 through 9 above sufficiently 
support the proper monitoring of interconnected operations. 
 
 

Discussion Of Administrative Concerns And Associated Recommendations 

The NERC ADI Task Force has reviewed the administrative concerns stated above, 
and discussions for each follow below.  
 
A1 above questions whether ADI processes in some way conflict with the 
reliability functional model.  To be provided. 
 
The transfer limit calculations (A2) are unaffected by ADI, as the ADI power flows 
have lowest priority and will be eliminated to support all other energy and 
reserve products.  Also note that transfer limit calculations are not typically 
sensitive to inadvertent power flows given the typical operational bandwidth in 
flows experienced when regulation is performed to meet CPS 1 and CPS 2.  
 
The need for transmission service and reservations were discussed in A3 and A4 
above.  ADI-related power flows have an expected value equal to 0 and are not 
very predictable prospectively.  Again note that ADI related power flows are 
merely inadvertent power flows emanating from “less than perfect” regulation 
processes that are allowed to persist.   Those power flows do not require 
transmission service or reservations, just as normal inadvertent power flows that 
result from regulation do not require transmission service or reservations. 
 
A5 above addresses differences in inadvertent accounting practices.  A root 
source of these differences could be traced to the definition of a pseudo-tie.  
Historically, pseudo-ties were first used to re-assign responsibility of the provision 
of energy for load and/or generation from one Balancing Authority to another.  As 
load and/or generation being re-assigned occurs at an actual specific physical 
location with either metering to uniquely measure energy or computations to 
determine the energy by a rule set, those values inherently need to be included in 
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1. EXECUTIVE SUMMARY 

1.1 Objective 

The Phasor Real Time Dynamics Monitoring System (Phasor-RTDMS™) is currently the applications 
platform already in place for extracting and viewing real time phasor data from the NASPI phasor 
network.  The focus at present is to build on the existing capabilities based on end-user feedback, and to 
incorporate additional functionalities to meet the Operations Implementation Task Team (OITT) and 
RTDMS Users Group goals for FY10. The new feature set that will be incorporated into the application 
are described in this functional specification document.  

1.2 Background 

The current status of the NASPI project is as follows: 
 
 Phasor point-to-point networks have been established within the Eastern Interconnections: 

- The Eastern Interconnection (EI) phasor network comprises of 121 Phasor Measurement Units1 
(PMUs), 12 Phasor Data Concentrators (PDC), and a central PDC and database at Tennessee 
Valley Authority (TVA) that gather real time phasor data from key substations within the 
Interconnection.  

 RTDMS deployment across NASPI for real-time monitoring: 

- RTDMS Web Server, Reports Server, and Database have been installed and running at TVA. 

- RTDMS web clients for remote viewing are operational at 26 organizations (for over 72 users) 
within Eastern Interconnection. 

1.3 NASPI RTDMS – Functional Description Summary 

Based on NASPI OITT and RTDMS Users Group feedback, the following list of proposed enhancements 
and additional features has been identified: 
 
 Oscillation Detection & Alarming capability will be developed and incorporated as a module in the 

RTDMS system. This feature will detect oscillations in the system and display its parameters as an 

alarm message in the RTDMS Client. 
 

 Alarming Enhancements  - the following new functionalities will be researched and incorporated in 

the RTDMS Client: 

- User Enabled/Disabled Alternate Alarming Methods 

- Visual Flashing Alarms within Geographic Maps 

- Alarm Prioritization 

 

 PMU Performance Tracking - Reports will be developed through research that will track PMU 

performance (data quality and availability) and confidence rating (reliability index) on a long-term 

basis.   

                                                       
1 This also includes other devices with phasor measurement capabilities such as Disturbance Fault Recorders 
(DFRs) and Relays. 
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 Enhanced Historical Data Access  - the following functionalities will allow users greater flexibility in 

obtaining historical data for analysis purposes: 

- Quick Access to Significant Events for 90 Days 

- On-Demand Event File Creation 

- Data Rewind and Playback for 30 Days 
 

 Enhanced RTDMS Daily Reports will incorporate suggestions and feedback from the RTDMS user 

group, as well as additional charts that will help users to better monitor the PMUs and system 

performance. 
 

 Enhanced Client Visualization and Navigation – the following enhancements and functionalities will 

be incorporated in the new RTDMS Client release: 

- Improved Replay Functions 

- User Selected Dashboard Display 

- Dashboard Traffic Lights with On-Demand Annotations 

This document describes in details the above mentioned enhancements and new functionalities that will 

be incorporated in the new RTDMS platform. 
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2. INTRODUCTION 

 
The Eastern Interconnection (EI) phasor network became operational in early 2005.  The initial network 
comprised 16 PMUs - 2 Ameren PMUs, 1 American Electric Power (AEP) PMU, 5 TVA PMUs, and 8 
Entergy PMUs. This starter network has grown over the past years and continues to expand offering 
greater wide area visibility across the Eastern Interconnection. It currently encompasses approximately 
121 devices with phasor measurement capabilities (i.e. PMUs, relays, DFRs) that are dispersed across 
various key locations within the Interconnection. The network utilizes point-to-point virtual private 
network (VPN) links for data transfer in real time between these participating utilities and the central 
host site at TVA.  
 
The phasor measurement devices at the substations measure the voltage, current and local frequency at 
a very high rate (10 to 60 times per second) and transfer this data in real-time to a Phasor Data 
Concentrator (PDC) at the local utility or directly to the TVA central host site.  Measurements that are 
collected at the utility’s PDC are sent to the central host site at TVA where they are integrated and 
aligned across utilities by the central PDC. This aggregated data set is streamed out at a rate of 30 
samples/second in the C37.118 format which was approved as an Institute of Electrical and Electronics 
Engineers (IEEE) standard in early 2006. These comprehensive sets of measurements are also 
simultaneously archived into the TVA’s central DataWare Repository at the host site as well as sent in 
real time to distant locations over VPN links or via secure web connections for remote viewing within 
the RTDMS Client applications (Figure 1). 
 

 

Figure 1: EI phasor system architecture and TVA Central PDC 
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3. FUNCTIONAL SPECIFICATIONS 
 
Following is the list of functionalities along with their functional specifications that will be incorporated 
in the upcoming release of RTDMS Client version 7.0: 

3.1 Oscillation Detection & Alarming 

Phasor technology enables the capability to timely identify dangerous growing oscillations in the power 
system. Early detection of these oscillations will enhance the ability to take the necessary preventive 
actions to avoid power system separation/islanding.  This capability will be developed and incorporated 
as a module in the RTDMS system to detect the oscillations and display its parameters as an alarm 
message in the RTDMS Client. 
 
The oscillation detection module to be developed for RTDMS Client is desired to have the following 
functions: 
 

1. Run continuously along-side of the RTDMS Server for the purpose of monitoring and detection 
of transient event by the Server. 

2. If a transient event is detected, the module would collect a preconfigured amount of data from 
selected signals (usually set to 3-5 data windows of 10 sec duration with 2 sec steps). 

3. Process the data through several different algorithms for identification of local and inter-area 
oscillation modes (modal frequency, energy and damping levels). 

4. Cross check results from the different algorithms and consecutive time windows to conclude if 
an oscillation has been reliably detected. 

5. Generate an alarming message if the detected oscillation has exceeded user-defined damping 
tolerances and modal frequency tolerance limits. 

6. Provide the alarm message in real-time to be displayed in the RTDMS client. 
 

3.2 Alarming Enhancements 

The alarming capabilities of the RTDMS Client will be enhanced using NASPI users’ feedback by 
incorporating the following functionalities: 

3.2.1 User Enabled/Disabled Alternate Alarming Methods 

Presently, RTDMS Client focuses on providing alarm messages through color-coded visual displays. The 
usual practice in a control room is to have alternate alarming methods, such as audio-visual feedback, to 
capture user attention when they are not monitoring the displays. Appropriate new alarming methods 
will be defined, prototyped, and integrated in the RTDMS Client using results from research conducted 
on current alarming practices in control rooms. 

3.2.2 Visual Flashing Alarms within Geographic Maps 

The RTDMS Client currently displays certain metric values on the geographic map, for instance:  angle 
differences, voltage magnitudes, MW/MVAR flows. During a threshold violation, the metric display 
changes color to inform users of the nature of violation. To capture user’s attention further, the labels 
on the geographic map will flash in addition to change in color. RTDMS Client users will have the option 
to enable or disable this functionality.  
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3.2.3 Alarm Prioritization 

Undesirable alarms in the RTDMS may be triggered due to the following reasons: 
 

- PMU data quality issues 
- Incorrect alarming threshold settings 

 
These undesirable alarms make it difficult for users to identify real valid alarms to take necessary 
actions.  To resolve this issue, an interface that enables users to set second level filtering of alarm 
information will be developed and integrated with the RTDMS Client application. 
 
The interface at the RTDMS Client’s end will allow users to filter alarms based on regions, metrics, and 
individual PMUs. Alarm filters will be prototyped based on research conducted on industry wide 
threshold limits of key metrics and the various methods that allow flexibility in primary as well as 
secondary level filtering of alarms. These alarm filter settings may be modified as desired by the user.  
 

3.3 PMU Performance Tracking 

PMU data quality and availability issues affect user’s ability to monitor system performance through key 
metrics.  This in turn affects user’s decision making process using visual displays and alarms.  
 
To help identify PMUs that generate unreliable data, as well as to take corrective actions to fix these 
PMUs, a PMU performance tracking methodology will be implemented. Reports will be developed that 
will track PMU performance (data quality and availability) and confidence rating (reliability index) on a 
weekly, bi-weekly or monthly basis. Key recipients will be identified to receive these reports via suitable 
distribution methods that will help in faster resolution of PMU performance issues.  
 

3.4 Enhanced Historical Data Access 

3.4.1 Quick Access to Significant Events for 90 Days 

Presently, the RTDMS server captures all events and stores it in .dat file format for purposes of post-
disturbance analysis. These event files are available for download for a period of 15 days. 
 
The event database will be expanded to store event files for 90 days and have it available for download 
to the RTDMS user’s group. Significant event identification methods will be developed based on 
research studies to archive these events for an indefinite period.  
 

3.4.2 On-Demand Event File Creation 

Currently, the only method of capturing event data is through the event file generating system in the 
RTDMS server. These files are available to users through the NASPI RTDMS Reports web interface.  
 
There may be situations, for instance: system disturbances or unusual system behavior, for which users 
would like to create event files. This issue will be addressed by adding on-demand event file creation 
functionality to the RTDMS reports web interface. Users will be able to select the time duration for 
which the data set will be captured into files. The interface will automatically capture all the information 
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required for playback in the RTDMS client and allows the user to download the files to the local 
machine. These files can be loaded in the RTDMS Client as regular event files for analysis purposes. 

3.4.3 Data Rewind and Playback for 30 Days 

The RTDMS Client enables users to replay data using the data stored in the RTDMS Remote Buffer. This 
data is stored on the user’s local system and is typically limited to 30-60 minutes of duration. This size 
limitation of the data buffer prevents users from analyzing data which falls beyond this short duration.  
 
To allow users to access data beyond the Buffer limitation, the RTDMS Client will be interfaced directly 
with the RTDMS Database in real-time. This interface will allow users to replay data through the RTDMS 
Client for as long as 30 days in history. 
 

3.5 Enhanced RTDMS Daily Reports 

The RTDMS Daily Reports are currently being distributed through email to various RTDMS users. 
This report provides daily summary of the PMUs as well as system performance through various 
charts of key metrics such as frequency, voltage magnitude and angle, angle difference, PMU 
data availability and quality, etc.  
 
The enhanced version of the RTDMS Daily Report will incorporate suggestions and feedback 
from the RTDMS user group as well as additional charts that will help users to better monitor 
the PMUs/system performance.  
 

3.6 Enhanced Client Visualization and Navigation 

3.6.1 Improved Replay Functions 

The RTDMS Client allows it users to seamlessly switch between the real-time mode and the replay mode 
for purposes of analyzing events in the recent past. The users can switch to the replay mode by simply 
clicking on the “replay” button located at the bottom-right corner of the RTDMS client dashboard.  
 
To help users differentiate between the real-time and replay mode displays, the RTDMS client currently 
greys-out the ‘Date/Time’ and ‘Auto Refresh’ display at the bottom left corner of the screen. This 
method, however, is not easily noticeable to the users. Hence, to make the transition from the real-time 
to replay mode more noticeable, the ‘replay’ button will have visual feedback to remind users of the 
current mode of the application.  
 
A ‘pause’ button will be added to the panel that will freeze the real-time data display as shown in Figure 
3. This will also enable the replay mode functions that allow users to rewind the display in time scale.  
 
Under the replay mode, the drop down menu will be enhanced to allow users to rewind (or fast-
forward) the display at varying speed levels, e.g. 1x, 5x, 30x. 
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Figure 2: Current Replay Mode Toolbox 

 

Figure 3: Proposed Replay Mode Toolbox 

3.6.2 User Selected Dashboard Display 

Currently, the RTDMS Client displays interconnection wide angle difference, voltage magnitude and 
angle contour plots on the dashboard as user selectable display options. To monitor any other metric, 
the user has to navigate to the desirable metric display. In this process, users lose the dashboard 
information specific to metric performance of individual Reliability Coordinators.  
 
To enable users to monitor the desired metric on the dashboard along with Reliability Coordinator 
specific metric information, the RTDMS Client will incorporate the additional option to display key 
metrics. These options will be added to the Right Mouse Button (RMB) menu labeled under “Dashboard 

Options” as illustrated under Figure 4. 
 

 

Figure 4: Illustration of Dashboard Display Options 
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3.6.3 Dashboard Traffic Lights with On-Demand Annotations 

The RTDMS Client currently alerts the users when a metric exceeds its threshold limits by color-coded 
traffic lights. It also tells the user which Reliability Coordinator or utility has exceeded the limits and by 
how much via the gauge. 
 
Presently, users have to navigate away from the dashboard to the metric display panels to identify the 
name of the PMU which exceeded its threshold limits. To allow users to identify the name of the PMU 
from the dashboard itself, the RTDMS Client will incorporate tooltip displays on the reliability 
coordinator gauge as illustrated in Figure 5. This feature will help users quickly identify the location of 
the possible emerging problem.  
 

Hatch Duval 500kV (887/550kV)

 

Figure 5: Illustration of a tooltip display on RTDMS Client Dashboard 
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4. SYSTEM ARCHITECTURE WITH NEW FUNCTIONS 

 
The next RTDMS release will continue to adhere to the Server/Client architecture currently in use by the 
NASPI community. The RTDMS Server, residing at the host site (TVA), distributes the information to the 
RTDMS Client monitoring applications at multiple remote locations over a secure Internet connection 
Wide Area Network (WAN) through RTDMS data Web Service.  This Web Service also has the capability 
to integrate with third party applications.  For this reason, the architecture utilizes well-established web 
services technologies in conjunction with Microsoft’s Internet Information Services (IIS) web server to 
exchange data between the server and its clients. This configuration facilitates a seamless, open and 
flexible integration with the client for distribution and visualization of the data.  The overall RTDMS 
system architectural is shown in Figure 6.  Each of its different components is briefly described below. 
 
At TVA, the Central PDC receives multiple local PMU and PDC data streams, packages those data 
streams together, and the assembled data packet are sent as a TCP/UDP stream in the IEEE C37.118 
format. RTDMS IEEE C37.118 interface has been designed to connect directly with the data source over 
a local area network to read, in real time, the complete phasor data stream and to calculate various 
scaled and derived values (such as MW & MVAR). The Data Quality Filter component provides the 
capability to remove bad data to improve data quality. The RTDMS Server Management Tool provides 
the user interface to choose different type of data filtering options, set the angle reference, configure 
MW/MVAR paths, change PMU/Signal static information such as longitudes, latitudes, jurisdictions, and 
define alarming thresholds and event file archiving attributes.  
 
The parsed phasor data received from Central PDC and the derived quantities is cached into a data 
buffer in memory along with the most recent up to one hour of sub-second and second average data. 
This buffer sorts and stores data based on timestamp and is designed to provide high performance data 
write/read capability for further processing or visualization.  
 
The Alarm/Event Processor is an integrated module of RTDMS Server Service.   It retrieves data from 
cache and process this information using the set of alarming criteria.  The results of Alarm Processor and 
Triggering Logic will be saved into the Data and Alarm Buffer. Furthermore, whenever an event is 
detected by the Alarm/Event Processor, the Server will automatically save pre and post-event data into 
an Event File which may be loaded into the RTDMS Clients for forensics in an offline mode.  Alarming 
and event detection parameters shall be centrally configured at the Server through the RTDMS Server 
GUI. 
 
The Data and Alarm Buffer will save high resolution (30 samples/sec) real time data and alarm 
information into the RTDMS Database. Additionally, information from other modules may also be 
simultaneously archived into the database, though Historical Data Access Interface (HDAI), along with 
real time phasor data from the Central PDC. The RTDMS visualization and alarms client will connect to 
RTDMS database through secure web server connection, using the Historical Data Access Web Service 
(HDA-WS), for real time data visualization and alarm information. Data from RTDMS database will also 
be used for offline report generation, and to generate an alarm log as text file for quick overview of the 
system.   
 
The Small Signal Stability Module acts as independent Windows Service that will interface with the 
RTDMS Database for data retrieval. The data is pre-processed and analysis functions are performed for 
mode and damping estimations for small signal stability monitoring. 
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The Oscillation Detection Module, which will be an independent Windows Service, will be interfaced 
with the RTDMS database to generate alarm messages when dangerous oscillations are detected. This 
module will get triggered when there is any transient event and collects data around the event from the 
RTDMS Database. This data will be used to identify mode and damping information of oscillations which 
will then be stored back in the database. 
  
The HDA-WS, which is exposed behind a secure login, shall serve as the input/output interfaces between 
the RTDMS Database and the other (remote) applications (including the RTDMS Client applications).  
This includes the functionality for receiving real time alarm messages from external applications, and the 
functionality for receiving and responding to web based SOAP requests for real time data by remote 
applications.  The online Reports Web Application enables remote access of historical data archived 
within the RTDMS Database using Microsoft IIS technology.  The RTDMS Client applications shall use 
these Web Services interfaces to connect with the RTDMS Server and Database. 
  
The RTDMS visualization displays, running on the client terminals, will be delivered as a stand-alone 
applications designed to connect to the host web server over the Internet. The RTDMS client 
applications will have the ability to acquire phasor data from the host using the standard data access 
interface, to process this data, and to display it in geo-graphic displays. The displays shall enable the user 
to monitor and track meaningful performance metrics with respect to predefined thresholds and will be 
alarmed whenever these thresholds are violated. 
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Figure 6: RTDMS (version 7) system architecture  
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5. IMPLEMENTATION PLAN AND SCHEDULE 
 
The enhancements described in this functional specifications document will be implemented in phases, 
based on available funding and resource requirements. 
 
The following list of enhancement and new functionalities will be incorporated in the RTDMS Client 
version 7.0 as per the implementation scheduled mentioned below: 
 
3.1 Oscillation Detection & Alarming 
3.2 Alarming Enhancement 

3.2.3 Alarm Prioritization 
3.3 PMU Performance Tracking 
3.4 Enhanced Historical Data Access 

3.4.1 Quick Access to Significant Events for 90 Days 
3.4.3 Data Rewind and Playback for 30 Days 

3.5 Enhanced RTDMS Daily Reports 
3.6 Enhanced Client Visualization and Navigation 

3.6.1 Improved Replay Functions 
3.6.2 User Selected Dashboard Display 
3.6.3 Dashboard Traffic Lights with On-Demand Annotations 

 
 

Task Schedule 

Complete functional specifications March 30, 2010 

Obtain OITT and RTDMS Users Group feedback April 30, 2010 

Development and Factory Testing in Pasadena, CA August 15, 2010 

Release for field Trial and Industry Evaluation  September 30, 2010 

 
 
The remaining functionalities listed below will be implemented in a subsequent release of RTDMS Client: 
 
3.2 Alarming Enhancement 

3.2.1 User Enabled/Disabled Alternate Alarming Methods 
3.2.2 Visual Flashing Alarms within Geographic Maps 

 
3.4 Enhanced Historical Data Access 

3.4.2 On-Demand Event File Creation 
 
The time frame and enhancements to be included in a subsequent release will be based on updated 
priorities defined by users and funding. 
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