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Introduction








On August 13, 1999, at approximately 1400 Central Daylight Time (CDT), parts of northwestern Arkansas experienced unusually low voltage on the 115 kV and 161 kV systems.  At the time, Entergy Electric Services (EES) was seeking voltage support (reactive power) for the area.  The EES White Bluff Unit 2 (844 MW) and Independence Unit 1 (836 MW) power plants, both located in northern Arkansas, were out of service.  Composite transfers of approximately 3,000 MW in a northwest-southeast flow direction were occurring at the time of the voltage degradation.  Also, the flows on the Fort Smith to Arkansas Nuclear One 500 kV line and other lines indicated the presence of additional northwest to southeast transfers.





Data from the Southwestern Power Administration (SPA) showed Beaver, Bull Shoals, and Table Rock Dams experiencing low voltages while generating near their maximum reactive output. Data from SPA did not indicate any low voltages in the Ft. Smith – Branch – Van Buren area.  Their generating units in this area were not generating significant reactive power, as would be expected if low voltages actually existed.





A collaborative inter-regional study team was formed with representation from EES and the Southwest Power Pool (SPP) to review the low voltage condition which existed on August 13, 1999.  The study team sought to review system operating data from the time of the events, as well as current transmission expansion plans for Arkansas, in an effort to identify resolution strategies, including potential limitations on inter-regional power transfers. This report gives an overview of the study team’s findings. 


�
Study Outline


After establishing the scope of the study, the initial focus of this study utilizes basic screen techniques on the power system to check for thermal constraints to transfer.





The following outlines the study approach:


establish study parameters


determine critical transfer directions


determine areas involved in transfer directions


screen system for thermal constraints


screen system for voltage constraints


evaluate north to south transfer direction in light of August 13th data


utilize AC analysis tools to study voltage stability of Arkansas area


develop conclusions


make recommendations 





�
Conclusions


The following conclusions are based on the current analyses. Many questions remain unanswered.  Although some conclusions have been reached, work for the study team is far from concluded. 





During the study, contingencies were found that limit transfers based on thermal limits, differing from contingencies that limit transfers based on voltage stability considerations. For this reason, initial use of the Power Technologies Inc. (PTI)  MUST software did not appear to be the best tool for determining transfer limits of voltage problems.  Additional studies of voltage stability limits should utilize analysis tools such as the Electric Power Research Institute (EPRI)-VSTAB program, Powertech-VSAT program or PTI-TPLAN parametric analysis program.





Study of the system using the EPRI-VSTAB and Powertech-VSAT programs concluded the following:


For the scenarios studied, the 161 kV system voltages are unstable if Bull Shoals, Table Rock, and Beaver are off-line. There must be some reactive support from those plants even if no additional transfers are taking place.


The most limiting contingency for transfers is the loss of the Eureka Springs – Osage 161 kV Line. (Appendix B)


The transfer limit (if Bull Shoals, Table Rock, and Beaver continue to generate, but do not participate in the transfer) is 6825 MW. At this transfer level, the ANO – Ft. Smith line flow is 373 MW towards ANO (west to east). (Appendix C)


With Bull Shoals, Table Rock, and Beaver participating in the transfer, while producing reactive support, the transfer limit is 6450 MW. At this transfer level, the ANO – Ft. Smith line flow is 253 MW toward ANO (West to East). (Appendix C)





�
Recommendations:





The ANO – Ft. Smith 500 kV/Dell – New Madrid 500 kV circuits should be added as Flowgates for voltage stability. The flow on these 500 kV lines is a good indicator of the amount of north to south transactions. Additional work should be performed to identify transactions responsible for north to south flows for Line Load Relief (LLR) measures. 


For the 2000 summer, 211 MW should be considered as a limit for west to east flow on the Ft. Smith-ANO 500 kV line.  If flow exceeds this value, SPA should be contacted to request real power generation from Bull Shoals, Table Rock, and Beaver Dams.  If SPA is able to generate real power at these plants, the limit on the Ft. Smith-ANO line can be increased up to 335 MW.


 Additional studies should be carried out to identify appropriate reactive and real power margins, reactive generation reserves, and voltage limits necessary to prevent voltage instability.


Additional studies should also be performed to examine the sensitivity due to generation participation assumptions, etc.


Local loading/voltage problems in northwest Arkansas/northeast Oklahoma should be examined to find appropriate solutions to the problems.





�
Study Parameters


The selected transmission sub-systems studied were Southwest Power Pool (SPP), Mid-Continent Area Power Pool (MAPP), Mid-America Interconnected Network, Inc. (MAIN), Southeastern Electric Reliability Council (SERC).  Generation and load from these regions/areas were used to establish export and import sub-system data files, then subdivided into sub-system blocks constituting north, south, east and west transfer directions.  Current system improvement projects for Arkansas were included in the study models.  (Appendix A)





Export participation was based on online units.  Export capability was determined as available generation output for each online unit in ratio to a sub-region’s total export capability.  Import participation was based on online units.  Import capability was determined as available generation reduction for each online unit in ratio to a sub-region’s total ability to reduce generation.





The North American Electric Reliability Council (NERC) and SPP criteria were followed for determining violations in this study.








�
Linear Screen for Thermal Violations


The PTI-MUST linear transmission analysis tool was used for evaluating transfer directions for thermal constraints.  Limitations were ignored if current operating directives for the systems studied could be identified.  Linear First Contingency Incremental Transfer Capability (FCITC) limits were identified in a bench mark case and used to determine which transfer directions should be AC-verified.





�
AC-Verification of Thermal Limitations


Several transfer analyses in conjunction with selected key outages were performed to AC verify the identified linear thermal constraints.  





The following transfer directions and outages were AC verified:





(1)  East – West


SERC – SPP


3200 MW


Outage of ANO auto transformer


117%  ISES – Morefield 161 kV


103%  Norfork –Calico Rock 161 kV


99%  Ft. Smith 500/345 kV auto transformer





(2)  East – West


SERC – SPP


3200 MW


Outage of ISES – Dell


123%  ISES – Morefield 161 kV


112%  Norfork –Calico Rock 161 kV


97% Ft. Smith 500/345 kV auto transformer





(3)  West – East


SPP – SERC


5160 MW


Outage of Midway – Mt. Home


100% Norfork – Bull Shoals 161 kV





(4)  North – South


SPP(north)/MAPP – EES/CELE


3350 MW


Outage of Dell – New Madrid


No AC verified limit was found – AC solution was unobtainable beyond 3350 MW.   However, based on the system response to this transfer, it is predicted that the thermal limit for the transfer direction is 7000 MW for the Neosho – Lacygne 345 kV circuit.





(5)  South – North


EES/CELE – SPP(north)/MAPP


400 MW


Outage of ISES – Dell 


99%  ISES – Morefield 161 kV


�
Voltage Analysis of North-South Transfers


Since an AC–solution during the AC-verification attempt of thermal limitations was unobtainable for this transfer direction utilizing the PTI/PSSLF4 steady state analysis tool, additional analysis was recommended which coincides with the purpose for the study to analyze the extreme north-south flows on August 13, 1999.





The EPRI-VSTAB and Powertech labs, Inc.-VSAT analysis programs were used to develop P-V curves for a north-south transfer analysis.  Transfers were modeled from generation in Kansas, the Kansas City area, MAPP, New Mexico, Oklahoma, the Texas panhandle and from load in Kansas.  Sixty-five percent of the transfer came from scaling of generation and thirty-five percent came from scaling load.





The receiving generation included a mix of generators that were scaled back in proportion to the generation level in the base case and generators that were taken offline.  The scaled generation included generation in Southern Company, TVA, and Entergy (Louisiana).  Generators taken offline were mainly in Arkansas, (see table below) with sixty-five percent of the transfer from scaling generation and thirty-five percent from turning off generators.


Generators Taken Offline.�
�
Bull Shoals 7 & 8


ISES 1


White Bluff 2


Robert Ritchie 1


T.H. Allen F3 and T20


Rex Brown 4


Sterlington 6


L&D #2


Monroe 12


Bailey 1�
Harvey Couch 2


Greers Ferry 1


Degray 1


Blakely 1


Carpenter 2


Lake Catherine 3


Dardanelle 1


Delta


Murray


Nine Mile 2�
�



Due to current drought conditions, the Bull Shoals, Table Rock, and Beaver generation will be limited this summer. Therefore, sensitivity of the system to generation at these plants was examined.  





Four cases were evaluated in which these plants were dispatched differently to evaluate their impact on north-south transfer capability and voltage support in north-central Arkansas area:


all three plants operated at full capacity with full reactive output but did not participate in the transfer


all three plants operated at full capacity with full reactive capacity and continued to operate at full reactive capacity even when the plant real output was zero


all three plants operated at full capacity with full reactive capacity and continued to operate at full reactive capacity even when the plant real output was zero with ANO unit 1 also participating in the transfer


all three plants operated at full capacity with full reactive capacity and continued to operate at full reactive capacity even when the plant real output was zero with ANO unit 2 also participating in the transfer





161 kV system buses monitored were Water Valley – APL, Heber Springs N., Midway, and Osage. (Appendix B)  The ANO – Ft. Smith 500 kV Circuit and Dell – New Madrid 500 kV Circuit were monitored as interface circuits on North-South flows. (Appendix C and D)





In each case, the transfer capability is also shown reduced by 5% of the total transfer acting as a MW transfer margin of voltage stability.  This is consistent with planning and voltage stability criteria/operating  practices of Western Systems Coordinating Council (WSCC-Voltage Stability Criteria, Undervoltage Load Shedding Strategy and Reactive Power Reserve Monitoring Methodology section 5.1a), and New York Independent System Operator (NYISO – Transmission Expansion and Interconnection manual attachment E #2-0).





The purpose of this reduction follows when voltage conditions establish the controlling transfer limit.  The specification of allowable pre-contingency and post-contingency voltage ranges at a substation does not necessarily ensure that the bulk power system is in a state in which voltage collapse cannot occur for a small increase in power transfer level; therefore, a test procedure is required to establish a margin of safety in planning the bulk power system when voltage-based transfer limits are being determined.	


�
Transfer limits are summarized in the following table:


Case�
Transfer Limit (MW)�
Interface Flow (MW)�
�
�
�
Ft. Smith – ANO 500 kV Line Flows�
Ft. Smith – ANO & New Madrid – Dell 500 kV Line Flows�
�
�
no margin�
5% margin�
no margin�
5% margin�
no margin�
5% margin�
�
1�
6825�
6484�
373�
335�
1248�
1183�
�
2�
6450�
6128�
253�
211�
1046�
  978�
�
3�
6487�
6163�
324�
287�
1107�
1043�
�
4�
6300�
5985�
401�
367�
1164�
1101�
�
�
�
�
�
�
�
�
�



Case Descriptions


2000 summer peak. Bull Shoals, Table Rock, and Beaver are generating but do not participate in the transfer.


2000 summer peak. Bull Shoals, Table Rock, and Beaver participate in the transfer but continue to generate reactive power even when their real power is zero. (Appendix B,C,D)


Same as case 2, except ANO unit one participates in the transfer. The ANO unit is the first in the schedule to have its generation reduced. When its real output reaches zero, the unit is shut down. (Appendix B,C,D)


Same as case 3, except ANO unit two also participates in the transfer. (Appendix B,C,D)





�



Appendix A


Arkansas System Improvements


September 1, 1999 – June 1, 2000 



























































Arkansas Electric Cooperative


�



H.S. 2 Hydro Plant

















Improvement





Units 1 and 3 of the H.S. 2 Hydro Plant became operative on October 1, 1999. Unit 2 became operative on November 13, 1999.  Each unit is 34,200 kW installed capacity.
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Pleasant Hill 500 kV 








Problem Identification





Various areas of the Arkansas 161 kV transmission system are projected to experience low voltages and line overload conditions.


Arkansas Nuclear One (ANO) is at risk of violating its Nuclear Operating License.





Recommended Solution





Tap the ANO to Mayflower 500 kV line with a one breaker Station


Tie into the St. Vincent to Morrilton East 161 kV line


A 161 kV transmission line will be constructed from Pleasant Hill 500/161 kV station to the Greenbrier Substation.  The three terminal lines connecting the Sylvan Hills, Greenbrier and Quitman substation will be reconfigured.  Greenbrier will tie into Quitman and Quitman will tie into Sylvan Hills.


Project Completion Date:  June 2000








�






Sage to Batesville 161 kV Line











Problem Identification





The Independence to Norfork 161 kV line is 65 miles in length and serves 110 MW of load.  Loss of Norfork and Bull Shoals generation, loss of Norfork to Calico Rock or loss of Calico Rock to Melbourne causes the Batesville to Sage line to overload by 107% to 115%.  Operating experience has demonstrated the susceptibility of this line to overloading when area hydroelectric generation is unavailable.  Five overloads have occurred o the Sage to Batesville segment since 1997.  The worst overload occurred when the hydro unit was down and AECI opened its West Plains to Thayer 161 kV line.  The Batesville to Sage line overloaded by 135%.





Recommended Solution





Upgrade four 600A ABS to 1200A


Upgrade relay CTs at ISES


Replace 75 H-frame structures


Reconductor 19.31 miles of Sage to Batesville.


Project Completion Date:  August 2000





�






Blytheville to Hayti 


and


Jim Hill to Rector 161 kV


(New Madrid to Dell Flow Gate Improvements)











Problem Identification





The Blytheville to Hayti 161 kV line is 21 miles long, and the Jim Hill to Rector 161 kV line is 19 miles long.  Loss of the New Madrid to Dell 500 kV line causes the line overloads of 137% on the Jim Hill to Rector 161 kV line and 202% on the Hayti to Blytheville 161 kV line.  This is limiting the capacity of the New Madrid 500 kV line from 1700 MW to 900 MW.  This also limits the interface transfers into Entergy from AMEREN and AECI.





Recommended Solution





Upgrade the capacity of the Blytheville to Hayti 161 kV line and the Jim Hill to Rector 161 kV line


Blytheville to Hayti Completion Date:  June 2000


Jim Hill to Rector 161 kV Completion Date:  June 2001
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American Electric Power





�
Clarksville-Chamber Springs Road 345 kV














Problem Identification





Protect the Fayetteville area from cascading outages and voltage collapse if the Flint Creek-GRDA 345 kV line were to be lost while the Flint Creek generator is off-line.





Recommended Solution





The Boudinot-Chamber Springs Road 161 kV line section will be rebuilt to 345 kV as part of the line


Build the Clarksville switching station which will be located along the Oneta (PSO) to Muskogee (OG+E) 345 kV line near the point of  interconnection, 13 miles southeast of Oneta and 23.5 miles northwest of Muskogee.  The station will contain a 3-breaker 345 kV ring bus.


Build the Chamber Springs Road EHV substation which will include a 360/480/600 MVA, 345/161 kV autotransformer, 1-345 kV breaker, and a 4-breaker 161 kV ring bus.  This substation will be built near the intersection of SWEPCO’s Boudinot-Dyess and Flint Creek-South Fayetteville 161 kV lines.


Retire the Boudinot Substation


Project Completion Date:  May 2000


�
Appendices B-D


Graphs

















Case Descriptions


2000 summer peak. Bull Shoals, Table Rock, and Beaver are generating but do not participate in the transfer.


2000 summer peak. Bull Shoals, Table Rock, and Beaver participate in the transfer but continue to generate reactive power even when their real power is zero. (Appendix B,C,D)


Same as case 2, except ANO unit one participates in the transfer. The ANO unit is the first in the schedule to have its generation reduced. When its real output reaches zero, the unit is shut down. (Appendix B,C,D)


Same as case 3, except ANO unit two also participates in the transfer. (Appendix B,C,D)
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Appendix B


P-V Graphs for North to South Transfers





�


Case 1
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P-V Graphs for North to South Transfers
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Case 2
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Case 2�
Appendix B


P-V Graphs for North to South Transfers 
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Case3
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Case 3�
Appendix C


Power Flow Interface Graph (MW/MVAR)


ANO – Ft. Smith 500 kV Circuit Flows
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Case 1
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Case 1


�
Appendix C


Power Flow Interface Graph (MW/MVAR)


ANO – Ft. Smith 500 kV Circuit Flows 
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Case 2
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Appendix C


Power Flow Interface Graph (MW/MVAR)


ANO – Ft. Smith 500kV Circuit Flows 


























Case 3


Appendix C


Power Flow Interface Graph (MW/MVAR)


ANO – Ft. Smith 500 kV Circuit Flows 
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Case 4�
Appendix D


Power Flow Interface Graph (MW/MVAR)


Dell – New Madrid and ANO – Ft. Smith Combined Flows
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Power Flow Interface Graph (MW/MVAR)


Dell – New Madrid and ANO – Ft. Smith Combined Flows


�



































Case 2
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Case 3�
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Power Flow Interface Graph (MW/MVAR)


Dell – New Madrid and ANO – Ft. Smith Combined Flows
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Case 4
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