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Executive Summary


In 2005, the ERCOT Board of Directors approved the Houston Area Constraint Mitigation Project which was actually a set of projects to increase South and North to Houston transfer capacity.  The 2005 plan included building a new Hillje to W. A. Parish 345 kV double circuit transmission line that is now under construction, a Hillje to STP circuit, the Hillje 345 kV substation, and relatively minor upgrades of the existing TXU Jewett to CenterPoint Energy T. H. Wharton and Tomball 345 kV circuits.  However, various analyses have shown that import constraints into Houston will continue after these previously planned upgrades are completed.  This submittal proposes the next set of improvements to increase North and South to Houston transfer capacity.

Based on the analysis that follows, CenterPoint Energy (CenterPoint) proposes and is seeking ERCOT approval for the following projects totaling an estimated $37.9 million:

1. Build a 345 kV Singleton substation near the point where the four 345 kV tie lines into north Houston intersect near Singleton, Texas in Grimes County.

2. Build a new 345/138 kV Rothwood substation in northern Harris County.  Loop 345 kV ckt 74 Kuykendahl to King into Rothwood substation. Loop 138 kV ckt 66 Rayford tap section into Rothwood substation.  Add one 800 MVA 345/138 kV autotransformer at Rothwood substation. 

3. Convert Rayford 138 kV substation into a loop tap connection.
4. Upgrade 138 kV ckt 66 Tomball to Rothwood to Rayford.
5. Upgrade 345 kV ckt 99 P.H. Robinson to Oasis.

6. Upgrade TXU Electric Delivery (TXUED) 345 kV Big Brown to Jewett South circuit.

CenterPoint Energy would build Singleton substation and coordinate with TMPA and TXU on the interconnection of the existing circuits into the new substation (Project 1).  CenterPoint Energy would build Projects 2-5 and TXU would build Project 6.

CenterPoint Energy believes that these proposed projects represent the most cost-effective and timely projects for reducing North and South to Houston market constraints in ERCOT while increasing transmission system reliability and limiting landowner impact in the near term.  CenterPoint Energy and TXUED anticipate a completion date of all projects by May 1, 2009 subject to timely review and land acquisition.  If all of these projects are approved and built, it is estimated that the North to Houston interface flow limit will become approximately 3650 MW and the South to Houston interface flow limit will become approximately 3500 MW with all transmission facilities in-service based on the operating conditions analyzed in this study.  
These projects should have relatively limited landowner impact as no new transmission lines are needed and the only new land that is needed would be for the construction of two new substations.  The fact that no new transmission lines are needed will result in an earlier completion date than could be achieved by other projects.  However, minor transmission line construction may be needed depending on the substation sites that are finally acquired.
Background

In September 2004, CenterPoint Energy (CenterPoint) submitted a comprehensive set of projects to the ERCOT Regional Planning Group with the intent to increase both the North to Houston and South to Houston transfer capability.  ERCOT and other market participants agreed with CenterPoint’s assessment and the projects were subsequently approved by the ERCOT Board of Directors in March 2005.  The bulk of the work focused on upgrading the southern 345 kV interface into Houston by building a new 345 kV Hillje substation and building three new 345 kV lines one from STP to Hillje and a new double circuit from Hillje to W.A. Parish.  For the North to Houston interface, a far less costly and involved project was approved which included upgrades to the two Jewett to Houston 345 kV tie lines.  The Jewett to Houston tie line upgrades involved transmission improvements by both CenterPoint and TXUED and was completed in April 2006.
ERCOT Planning staff indicated that ERCOT studies have shown future North to Houston congestion even with the Jewett to Houston tie line upgrades.  CenterPoint provided feedback and a number of proposed solutions to ERCOT staff that have been included in various ERCOT studies.  However, these proposed solutions were never fully tested by either CenterPoint or ERCOT to determine the most cost-effective project.  
Another item that needs to be addressed is the overload of either one or both of the Tomball 345/138 kV 800 MVA autotransformers for increased North to Houston transfers.  For several of the options that were proposed to ERCOT, the loss of one auto would cause the remaining auto to become the constraint on North to Houston transfers.  CenterPoint could add a third auto at Tomball to relieve the limitation; however, this raises additional problems.  Currently, Tomball has only two 345 kV circuits terminating into the substation, both of them share a common tower for approximately 2 miles.  Losing this double circuit facility essentially removes from service all of the 345/138 kV autos at the substation.  Loss of three 345/138 kV autotransformers for a single component failure is an unacceptable system design.  As it is, loss of the existing two autotransformers causes loading of the North Belt – Westfield circuit, for which CenterPoint Energy has implemented a stop-gap measure to increase the circuit rating. Finally, adding a third auto at Tomball is achievable; however, it would require a number of circuit relocations at the 138 kV substation and would be rather costly and likely require extensive outages.  For these reasons, CenterPoint proposes to limit the number of autotransformers at Tomball to two and to explore other locations for placing an autotransformer that would still relieve the Tomball auto overloads. 
A number of projects could be tested for their impact on increasing North to Houston transfer capability, including building new circuits from Houston to another ERCOT zone.  Several studies are currently underway in ERCOT to look at some of these types of projects, such as ERCOT’s Long Term System Assessment (LTSA), which CenterPoint has supported with comments and suggestions.  Also, ERCOT is studying possibly integrating the Entergy Texas system into ERCOT, and CenterPoint is participating in that effort.  A number of the proposed projects needed for that integration would also result in increased North to Houston transfer capability.  Because of these ongoing studies, CenterPoint decided to limit the scope of this study to consider projects with shorter construction lead times that would not require line certification proceedings, such as circuit reconfigurations or new substations.  CenterPoint believes that a proposed project would not necessarily be competing with a large project proposed from one of the other studies, but would be complimentary with a larger project.  
Study Assumptions     
CenterPoint used the latest ERCOT Steady-State Working Group cases created in June 2006 as a starting point for the study.  Appendix A provides a list of changes to the base cases which were all minor in nature.  CenterPoint evaluated the summer peak base cases with economic dispatch for 2008 through 2011.  The North to Houston and South to Houston interface flows in the base cases are shown in Table 1.  As seen from Table 1, the ERCOT dispatch anticipates the import level into Houston growing from 4400 MW to 5000 MW from 2008 to 2011.  

	Case
	Pre-contingency Interface Flow (MW)

	
	North to Houston
	South to Houston

	ERCOT 2008 Summer Peak Case
	2471
	1962

	ERCOT 2009 Summer Peak Case
	2552
	2112

	ERCOT 2010 Summer Peak Case
	2416
	2365

	ERCOT 2011 Summer Peak Case
	2302
	2706


Table 1. Pre-contingency Interface Flows for the ERCOT Cases.
CenterPoint, as a Transmission Service Provider, does not have the software or the information to model the system on a yearly 8760 hour basis as ERCOT does; therefore, CenterPoint used the Siemens Power Technologies International MUST software for determining transfer capability limitations.  All of the options were evaluated based on increasing transfer capability into the Houston area.  MUST calculates the First Contingency Incremental Transfer Capability (FCITC) by modeling transfers from a sending subsystem to a receiving subsystem while monitoring all buses in a defined group and taking contingencies one by one from a defined contingency list. Note that this calculation is for an incremental transfer capability, which means that the transfer is placed on top of the base case condition.  For example, a FCITC of 1000 MW indicates that starting with the base case conditions a transfer from the sending to receiving system of 1000 MW will result in reaching a limit.  For this study, ERCOT was divided into the five CSC zones as they were defined in 2006.  These zones formed the sending and receiving subsystems, for example, one transfer was defined as from the North ERCOT Zone to the Houston ERCOT zone.  All buses and branches in the Houston area plus others in neighboring systems were monitored.  Contingencies studied included all single branches in the monitored area plus 345 kV double circuit lines in the Houston, Central Texas, and North Texas areas.  Rate B (emergency rating) was used to limit transfers.

Existing Configuration Constraints

An initial transfer capability analysis was made on the base cases for both North to Houston and South to Houston transfers and the results are shown in Table 2.  For North to Houston, a number of circuits were listed as being more limiting than Gibbons Creek to O’Brien, such as Lake Creek – Temple 345 kV, Tradinghouse – Temple Pecan Creek 345 kV, and several 138 kV circuits in the Waco area.  These circuits were not considered in this analysis for a number of reasons.  First of all, Appendix B shows a summary of the daily North to Houston and South to Houston constraints from November 7, 2005 through October 23, 2006 according to ERCOT Operations.  None of the circuits in the Waco or Temple area ever limited the North to Houston interface during this time frame.  Also, these circuits became less of a constraint in future years, generally disappearing by 2011.  Finally, with the exception of the Lake Creek – Temple Pecan Creek 138 kV circuit, ERCOT did not identify any of these circuits as constraints in future cases, but did identify the Gibbons Creek to O’Brien circuit.  
	North to Houston transfer
	South to Houston transfer

	FCITC (MW)
	FCITC (MW)

	2008
	2009
	2010
	2011
	2008
	2009
	2010
	2011

	625 
(A)
	492 
(A)
	776 
(A)
	846 
(A)
	445 
(B)
	231 
(B)
	-176 
(B)
	-746 (B)

	Limitation:

	(A) Gibbons Creek - O'Brien @1450 MVA

	(B) Prairie View - Waller @ 159 MVA


Table 2. North to Houston and South to Houston Constraints in 2008-2011 Base Cases.
Waller – Macedonia Circuit


As can be seen in Table 2, the Prairie View to Waller segment of the Waller to Macedonia 138 kV circuit is the South to Houston constraint for all four years studied.  See Figure 1 for the location of the Waller to Prairie View to Seaway to Macedonia circuit relative to Houston.  
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Figure 1. Waller to Macedonia circuit.

ERCOT has already requested that San Bernard Electric Cooperative (SBEC), owners of the Waller to Macedonia circuit, upgrade the circuit to at least 300 MVA as soon as possible in a letter from July 2006.  In it, ERCOT estimates that the Prairie View to Waller constraint has resulted in balancing energy deployments costing approximately $15 million to market participants from February 1, 2005 to April 30, 2006.  As can be seen in Appendix B, Prairie View to Waller has limited North to Houston 76% of the days between November 2005 to October 2006.  Additionally, Prairie View to Waller has limited South to Houston 39% of the days in the same timeframe.  ERCOT also anticipates the circuit to remain a congested element beyond 2006.  CenterPoint believes that it is important to note that according to our analysis, the South to Houston interface will be limited to approximately 2250 MW by Prairie View to Waller, even after the STP – Hillje – W.A. Parish projects are completed.  After the Waller to Macedonia circuit is upgraded, the allowable South to Houston interface flow can be increased to approximately 3500 MW.  The Waller to Macedonia circuit will significantly limit South to Houston transfers until it is upgraded. For these reasons, CenterPoint requests ERCOT, LCRA, and SBEC work closely together to ensure this project is completed as presently scheduled (2009).  
Preliminary Options

The existing configuration of the 345 kV circuits into Houston from the north is shown in Figure 2.  The location on the figure identified as the Singleton corner is the point, near Singleton, Texas, where all of the 345 kV tie lines into Houston cross each other.  This corner marks a point at which a number of circuit reconfigurations could take place or a substation could be built, similar to CPS Energy’s Elm Creek project.  The original Houston Area Constraint Mitigation study identified a couple of options involving construction near Singleton that resulted in increased transfer capability.  This was the basis for the preliminary options considered.  For any project involving the transmission circuits near Singleton corner, coordination between CenterPoint and other ERCOT TSPs will be necessary.  The Jewett to THW and Jewett to Tomball circuits are jointly owned by CenterPoint and TXUED; however, CenterPoint owns the majority of both circuits including both north and south of Singleton corner.  The Gibbons Creek to O’Brien and Gibbons Creek to Roans Prairie circuits are jointly owned by CenterPoint and Texas Municipal Power Authority (TMPA).  TMPA owns the section of circuits from Gibbons Creek to Singleton corner and CenterPoint owns the remaining part of the circuits east of Singleton corner.
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Figure 2. Existing 345 kV circuit configuration north of Houston.
Option 1 

The ckt 99 Gibbons Creek to O’Brien constraint seen in Table 2 occurs due to the outage of the 345 kV double circuit line that includes Roans Prairie to King and Jewett to Tomball.  That outage results in all the generation connected to the Roans Prairie bus (maximum of 856 MW) flowing into the Gibbons Creek 345 kV bus which is connected to only one circuit into Houston (O’Brien) and two circuits to Twin Oak to the north.  The Gibbons Creek to O’Brien circuit has a 2-hour emergency rating of 1450 MVA.  CenterPoint and TMPA upgraded this circuit in 2003 by increasing conductor clearances so that operation at 120C could be obtained and verified substation terminal equipment was rated for at least 3000 Amps.  Therefore, the circuit cannot be upgraded further without reconductoring the 2-795 ACSR portion of the circuit.  
Option 1 would disconnect the Roans Prairie substation from ckt 75 Gibbons Creek to Kuykendahl to King and loop ckt 74 Jewett to Tomball into Roans Prairie.  This would force all of the generation connected to Roans Prairie toward Jewett instead of Gibbons Creek for an outage of the 345 kV double circuit south of Roans Prairie.  Physically, this would be accomplished by swapping circuits at the Singleton corner and then again at Tomball to form the two desired circuits.  See Figure 3 for an illustration of Option 1. This reconfiguration is estimated to cost $1,500,000.
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Figure 3. Option 1.
Option 2


The second configuration tested consisted of the swapping of circuits at the Singleton corner to form a Jewett to Roans Prairie circuit and a Gibbons Creek to Tomball circuit.  Unlike Option 1, no circuit swap was made at the Tomball end.  This accomplished the same goal as Option 1 by redirecting all flow from Roans Prairie toward Jewett for an outage of the 345 kV double circuit south of Roans Prairie.  See figure 4 for the Option 2 configuration. This reconfiguration is estimated to cost $750,000.
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Figure 4. Option 2.

Option 3


The third option looped the Jewett to Tomball circuit into Roans Prairie while keeping the Gibbons Creek to Roans Prairie to Kuykendahl to King circuit unchanged.  This configuration leaves two circuits connected to Roans Prairie, one to Jewett and one to Gibbons Creek, for a loss of the 345 kV double circuit line south of Roans Prairie.  This could also relieve the loading on Gibbons Creek to O’Brien as well as other positive effects.  See Figure 5 for the Option 3 configuration.  Looping the Jewett to Tomball circuit into Roans Prairie is estimated to cost $4,350,000.
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Figure 5. Option 3.
Option 4

The fourth option reconfigures the circuits at the Singleton corner to connect both Jewett circuits with the western 345 kV double circuit line into Houston and both Gibbons Creek circuits to the eastern 345 kV double circuit line into Houston.  This creates two circuits with 2-1590 ACSR conductor, two circuits with 2-795 ACSR conductor, and none with a mixture of both.  This configuration was tested in the original Houston Area Constraint Mitigation study, Option 8, and resulted in increased North to Houston transfer capability.  See Figure 6 for the Option 4 configuration.  This reconfiguration is estimated to cost $1,420,000.
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Figure 6. Option 4.
Option 5

The fifth option builds a new 345 kV Singleton substation at the Singleton corner, the point where all of the 345 kV tie lines into north Houston cross and loops all of these circuits into the substation.  This configuration was tested in the original Houston Area Constraint Mitigation study, Option 7, and resulted in increased North to Houston transfer capability.  This option is expected to be more costly than the other four options; however, it would not require new transmission lines.  This option attempts to spread flows more evenly across more circuits for the various double circuit contingencies than currently occurs.  See Figure 7 for the Option 5 configuration.  Building Singleton substation and looping in all the 345 kV circuits is estimated to cost $19,700,000.
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Figure 7. Option 5.

Option 1-5: Results

Table 3 shows the results of the MUST analysis on all five options for 2008-2011.  Both North to Houston and South to Houston transfers were run for all five options.  In many cases, the most limiting constraint was an overload of one of the Tomball autotransformers; however, that particular constraint was not considered at this time.  CenterPoint anticipates the need to add an autotransformer in the Tomball area; therefore, that part of the analysis will be performed later in the study.  The results of the base case analyses are included for reference.  
	
	North to Houston transfer
	South to Houston transfer

	
	FCITC (MW)
	FCITC (MW)

	
	2008
	2009
	2010
	2011
	2008
	2009
	2010
	2011

	Base Case
	625 (A)
	492 (A)
	776 (A)
	846 (A)
	445 (B)
	231 (B)
	-176 (B)
	-746 (B)

	Option 1
	895 (A)
	741 (A)
	1056 (A)
	1124 (A)
	232 (B)
	12 (B)
	-391 (B)
	-969 (B)

	Option 2
	788 (C)
	731 (C)
	1028 (D)
	1116 (A)
	539 (B)
	305 (B)
	-51 (B)
	-694 (B)

	Option 3
	628 (A)
	459 (A)
	738 (A)
	953 (A)
	515 (B)
	309 (B)
	-60 (B)
	-677 (B)

	Option 4
	793 (D)
	647 (D)
	895 (D)
	1068 (D)
	408 (B)
	186 (B)
	-175 (B)
	-695 (B)

	Option 5
	1280 (E)
	1157 (E)
	1596 (E)
	1946 (E)
	572 (B)
	336 (B)
	-16 (B)
	-641 (B)


Constraint:

(A) Gibbons Creek – O’Brien @1450 MVA
(B) Prairie View – Waller @ 159 MVA
(C) Jewett – Watson Chapel @ 274 MVA

(D) Gibbons Creek – Tomball @1376 MVA

(E) Big Brown – Jewett South @ 956 MVA

Table 3. Initial transfer capability results for the base case and five options.
Other than Option 3, the options give varying degrees of increased transfer capability for North to Houston.  For Option 2, depending on the year studied, the constraint was one of three circuits: Jewett to Watson Chapel, Gibbons Creek to Tomball, or Gibbons Creek to O’Brien.  Options 2, 3 and 5 slightly increased South to Houston transfer capability, but in all cases the constraint remained Prairie View to Waller.
In reviewing the initial results, it appears that some optimization could be done for several of the options.  Prairie View to Waller (actually the entire Waller – Prairie View – Seaway – Macedonia circuit) will be upgraded to increase South to Houston transfer capability.  For Option 4 and possibly Option 2, an upgrade of the Gibbons Creek to Tomball circuit above 1376 MVA could be done for minimal cost.  CenterPoint owns approximately 46 miles of this 55 mile long circuit.  CenterPoint rates its portion of the circuit to an emergency rating of 2194 MVA.  The remainder of the line is owned by TMPA and line ratings above 1376 MVA would have to be verified by TMPA to allow operation to a higher rating.  Also, terminal equipment would need to be verified and upgraded if necessary.  For Option 5, the constraint is the Big Brown to Jewett South circuit rated at 956 MVA.  This appears to be a 1600 Amp substation equipment limit and not a conductor limit; therefore, an additional increase in transfer capability could be obtained by replacing this equipment.

Reactive Support Comparison

Besides thermal transfer capability, voltage stability is also another concern for North to Houston transfers.  Currently, CenterPoint adds reactive compensation to its system such that the voltage stability limit will be less constraining than the thermal limit.  If any of these options are pursued, the thermal interface flow level may be increased beyond the existing voltage stability limit.  This subject will not be addressed in this study, but the expectation is that CenterPoint will add reactive compensation to its transmission system to ensure that voltage stability will not be the most constraining limit whichever option is chosen.  However, one aspect of comparing options that is important and will be addressed is the relative reactive support provided by each option.

To accomplish this, an infinite synchronous condenser was placed at the Bellaire South 138 kV bus and set to provide 0 MVAR in the 2009 base case.  Three major 345 kV double circuit outages were modeled, one at a time, and the resulting synchronous condenser output to maintain the same scheduled voltage at Bellaire South 138 kV was recorded.  These results are shown in Table 4.  A larger MVAR output corresponds to less reactive support by the option studied; therefore, the lower the MVAR output the better.  

	Comparison of Reactive Support: 
Synchronous Condenser MVAR Output

	
	Roans - Tomball Outage (MVAR)
	Singleton corner - Zenith corner Outage (MVAR)
	Jewett - Singleton corner Outage (MVAR)

	2009 Base Case
	141.2
	64.3
	77.7

	Option 1
	152.4
	37.6
	28.1

	Option 2
	151.4
	42.7
	27.8

	Option 3
	141.7
	39.0
	22.2

	Option 4
	172.0
	33.1
	33.1

	Option 5
	88.8
	31.5
	-10.8


Table 4. Comparison of Reactive Support: Options 1-5
The Singleton option is clearly superior to the other four options for two of the three outages studied.  For the remaining outage, all five options give generally equivalent results.

Optimized Results: Options 1-5

 
The assumed low cost upgrades discussed previously were modeled in the cases and the transfer capability analysis rerun.  Option 3 did not result in any improvement in North to Houston transfer capability; therefore, it was removed from consideration.  Table 5 lists the results of the optimized options.
	
	North to Houston transfer
	South to Houston transfer

	
	FCITC (MW)
	FCITC (MW)

	
	2008
	2009
	2010
	2011
	2008
	2009
	2010
	2011

	Base Case
	625 (A)
	492 (A)
	776 (A)
	846 (A)
	445 (B)
	231 (B)
	-176 (B)
	-746 (B)

	Option 1
	895 (A)
	741 (A)
	1056 (A)
	1124 (A)
	2393 (I)
	2243 (I)
	1556 (J)
	563 (J)

	Option 2
	788 (C)
	731 (C)
	1061 (A)
	1133 (A)
	2296 (I)
	2144 (I)
	1545 (J)
	558 (J)

	Option 4
	1098 (F)
	945 (F)
	1216 (F)
	1482 (F)
	2334 (I)
	2174 (I)
	1548 (J)
	562 (J)

	Option 5
	1721 (G)
	1600 (G)
	2065 (G)
	2252 (H)
	2358 (I)
	2201 (I)
	1551 (J)
	571 (J)


Constraint:

(A) Gibbons Creek – O’Brien @1450 MVA

(B) Prairie View – Waller @ 159 MVA

(C) Jewett – Watson Chapel @ 274 MVA

(F) Jewett – T.H. Wharton @1450 MVA

(G) Big Brown – Jewett North @ 1072 MVA

(H) Singleton – Jewett North @ 1450 MVA

(I) Fayetteville – Willow Springs @ 220 MVA
(J) Lolita – Formosa @ 216 MVA

Table 5. Initial transfer capability results for the base case and five options.
P.H. Robinson to Oasis


Another circuit that appeared on the list of constraints for South to Houston transfer capability was the 345 kV ckt 99 P.H. Robinson (PHR) to Oasis.  While the most limiting South to Houston constraints after modeling the upgrade of the Waller to Macedonia circuit appear to be 138 kV circuits in the LCRA or AEP transmission systems, the most limiting 345 kV circuit was identified be PHR to Oasis.  Also, CenterPoint Real-Time Operations has seen the PHR to Oasis load at or above 100% of its continuous rating of 957 MVA several times in 2004-2006.  Furthermore, various ERCOT analyses, such as the LTSA study, have indicated that PHR to Oasis is a constraining element in future cases.  PHR to Oasis is currently rated with an emergency rating of 1173 MVA which corresponds to a 90C conductor rating.  CenterPoint evaluated this circuit and estimates that the emergency rating can be increased to 1500 MVA by increasing the conductor clearances and replacing 2000 Amp in-line substation equipment at PHR for less than $400,000.  Given the low cost of the upgrade, possibility of future congestion caused by the circuit, and the past history of real-time overloading, CenterPoint recommends ERCOT approve the upgrade of the PHR to Oasis circuit.  CenterPoint anticipates that the upgrade of PHR to Oasis can be completed by December 2007.    
Conclusions: Options 1-5

These results clearly show the benefit of upgrading the Waller – Macedonia circuit as South to Houston transfer capability increases by nearly 2000 MW in 2008 and 2009.  The gain is slightly less in future years as the constraint changes to the Lolita – Formosa 138 kV circuit, but it is still over 1200 MW for all options.  A South to Houston transfer capability increase of this magnitude corresponds to an estimated South to Houston interface flow limit of approximately 3500 MW.  

For North to Houston, building Singleton substation as in Option 5 shows the highest increase in transfer capability, considerably higher than any of the other options.  The first constraint, which is not being considered at this time, is the Tomball autotransformer #2 for Options 1, 4, and 5.  Option 2 does not show a Tomball autotransformer limitation; however, that is because the increase in transfer capability is less than 300 MW.  Option 5 also provides the most reactive support of the five options studied.  As noted earlier, ERCOT long term assessments have indicated the likely need and economic justification for a new 345 kV transmission line project to further increase North to Houston transfer capacity beyond the capacity increase that would be provided by Option 5 or any of the other options, involving considerably higher cost, landowner impact, and time to complete than any of the options presented in this analysis.  In light of the ERCOT analyses indicating the need for further upgrades over the long term, CenterPoint Energy believes it makes sense to proceed with the project that would provide the highest near-term transfer capacity increase at this time.  Accordingly, CenterPoint recommends that ERCOT approve Option 5 for construction.  A North to Houston transfer capability increase of this magnitude corresponds to an estimated North to Houston interface flow of approximately 3650 MW, and would provide as much near-term North to Houston transfer capacity as possible pending completion of a longer term project later. 

Autotransformer Options 

As has already been discussed, CenterPoint sought to find a location for an autotransformer to relieve Tomball auto overloading from being the North to Houston constraint should it occur as a result of Option 5.  The Option 5 results showed this to be true; therefore, CenterPoint undertook additional analysis to remedy the constraint.  The most promising locations are where 345 kV circuit(s) and 138 kV circuit(s) are in close enough proximity to each other, to minimize cost and landowner impact.  The location must also involve circuits in reasonable proximity to Tomball substation, so that the option would be effective in relieving the loading on the Tomball autos.  The three locations shown in Figure 8 were deemed to be the most likely to relieve Tomball auto loading without requiring significant new transmission construction.
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 Figure 8. Locations for possible 345/138 kV autotransformers.
Option A: Hardin
The Hardin location is north of Tomball in Montgomery County where the 345 kV double circuit line is in close proximity to the 138 kV double circuit that loops up to the Pinehurst substation.  A new Hardin substation would have to be built to accommodate the new autotransformer and looped circuits.  CenterPoint Transmission Planning had studied this location previously and the report is attached in Appendix C.  The results of the attached study show that one 800 MVA autotransformer is not adequate at this location even without building Singleton substation.  The new auto also overloads in base case conditions during the loss of the 345 kV double circuit line south of the Hardin location.  In addition, with two autos at the substation, but only one 345 kV line looped into the substation, the autos could still be limiting North to Houston transfers because two autos would allow 1600 MVA of flow while the 345 kV circuits could each be rated for 2194 MVA.  This can be remedied by looping in the Roans Prairie to Kuykendahl circuit to the Hardin substation.  Based on this analysis, the Hardin option will need to incorporate two 800 MVA autos and loop in both 345 kV circuits.  Figure 9 shows the combined Singleton substation plus Hardin substation option.  This option will be referred to as Option A.
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Figure 9. Option A: Singleton substation plus Hardin substation
Option B1: Rothwood, Rayford Loop

The proposed Rothwood substation is located where the 345 kV double circuit line (ckt 74 Kuykendahl to King, ckt 75 Kuykendahl to King) crosses the two 138 kV Rayford tap sections off of the Tomball to Westfield circuits.  These two tap sections currently have 1-795 ACSR conductor with a continuous rating of 185 MVA; therefore, some portion of this nearly 7 mile segment of double circuit line would likely have to be bundled or reconductored.  The upgrade of the 7 mile segment from the original tap point to the new Rothwood substation to Rayford was assumed to be needed and was already modeled for this option.  Because the Rothwood substation is located ‘downstream’ of the Tomball substation, the expectation is that only one 800 MVA 345/138 kV autotransformer would be necessary as opposed to the Hardin location which is located ‘upstream’ of Tomball.  On the 138 kV side, it is possible that only one of the 138 kV circuits would need to be looped into the Rothwood substation.  For this configuration, Rayford would have to be converted from a double tap substation to a loop tap substation.  This configuration for the Rothwood substation will be labeled Option B1 and is shown in Figure 10.  
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Figure 10. Option B1: Singleton substation plus Rothwood substation, loop one 138 kV circuit

Option B2: Rothwood, Rayford Double Tap

Option B2 is similar to Option B1, except that both Rayford taps are looped into the Rothwood substation and Rayford remains a double tap substation.  This requires more positions at the Rothwood substation, but may require less reconductoring of transmission lines and will not require any changes at the Rayford substation.  The upgrade of the 2.8 mile double circuit from the original tap point to the new Rothwood substation was assumed to be needed and was already modeled for this option.  Option B2 is shown in Figure 11.
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Figure 11. Option B2: Singleton substation plus Rothwood substation, loop both 138 kV circuits
Option C: Humble
The third location considered is at Humble, an existing 138 kV substation on the CenterPoint system.  The 345 kV double circuit line (ckt 74 Kuykendahl to King, ckt 75 Kuykendahl to King) is adjacent to the existing 138 kV substation.  The advantage of this option is that a substation already exists, so it would require only expanding the existing site.  Also, similar to Option B1 or B2, only one 345/138 kV autotransformer will likely be needed.  The disadvantage to this option is that, while Hardin and Rothwood are relatively close to Tomball, Humble is more than 25 miles from Tomball and may be less effective at relieving auto overloads at Tomball.  Figure 12 shows Option C, the Humble configuration.
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Figure 12. Option C: Singleton substation, loop Kuykendahl to King into Humble
 Autotransformer Results: Options A, B1, B2, C

The four autotransformer variations of Option 5 were analyzed for their effect on North to Houston transfer capability.  The base case condition is shown for comparative purposes.  Also, the Option 5 transfer capability amounts are shown, but the Tomball Auto #2 constraint is considered and is shown in the table below.  Note that even without adding another auto in the Tomball area, for 2008 and 2009, North to Houston transfer capability is actually increased; however, in 2010 and 2011, the load on the 138 kV system has grown and only building Singleton substation lowers the transfer capability.  See Table 6 for North to Houston transfer capability FCITC amounts for the base case, Option 5 without any auto additions, and Options A, B1, B2, and C.

	
	North to Houston transfer capability

	
	FCITC (MW)

	
	2008
	2009
	2010
	2011

	Base Case
	625 (1)
	492 (1)
	776 (1)
	846 (1)

	Option 5
	987 (2)
	597 (2)
	654 (2)
	729 (2)

	Option A
	1697 (3)
	1576 (3)
	2020 (4)
	2127 (4)

	Option B1
	1718 (3)
	1597 (3)
	2062 (3)
	2255 (5)

	Option B2
	1718 (3)
	1597 (3)
	2062 (3)
	2255 (5)

	Option C
	1720 (3)
	1598 (3)
	1935 (2)
	2034 (2)


Constraint:

(1) Gibbons Creek – O’Brien @ 1450 MVA

(2) Tomball Auto #2 @ 800 MVA

(3) Big Brown – Jewett North @ 1072 MVA

(4) Roans Prairie – Hardin @ 1793 MVA

(5) Singleton – Jewett North @ 1450 MVA

Table 6. North to Houston transfer capability for Options A, B1, B2, and C

All of the options give comparable results for 2008 and 2009 with the constraint being the Big Brown – Jewett North circuit.  In 2010 and 2011, the most limiting constraint for Option A changes to Roans Prairie to Hardin resulting in a slightly lower transfer capability than Options B1 or B2.  In 2010 and 2011, the most limiting constraint for Option C changes to Tomball Auto #2.  This indicates that Humble is far enough away from Tomball that it does not have the same effect as the other options in unloading the Tomball autos.  One can also infer from the results that in the years beyond 2011 the gap between Option C transfer capability and the other autotransformer options would increase as system load grows.  The results also show no performance difference between Options B1 and B2.  These results lead to the conclusion that all four autotransformer options are viable and should be considered further with Options B1 and B2 being the most effective options.
Steady-state Power Flow Analysis


In addition to transfer capability analysis, normal steady-state power flow contingency analysis was performed on the 2009 cases to identify any underlying overloads that may exist in the CenterPoint system and to identify any differences between options.  Table 7 shows the results of N-1 contingency analysis.  Table 8 shows the results of common mode contingency analysis.  
	From Bus
	To Bus
	Ckt
	Rate A
	2009 Base Case
	2009 Option A
	2009 Option B1
	2009 Option B2
	2009 Option C
	Contin-

gency

	
	
	
	
	(%)
	(%)
	(%)
	(%)
	(%)
	

	41240
	JEFFERSN    
	42312
	COLEGE 8    
	06
	440
	102.2
	101.5
	101.9
	102
	103
	1

	41310
	QUANAB      
	41400
	S_R_B_E8    
	06
	360
	114.5
	113.9
	114.4
	114.4
	115.8
	2

	41310
	QUANAB      
	41631
	UNDRWD 8    
	06
	360
	103.1
	102.5
	102.9
	103
	104.4
	2

	44120
	BRITMR 8    
	45610
	ADICKS 8    
	09
	455
	101.6
	99.8
	100.3
	100.4
	100.5
	3

	44421
	KATY   8    
	44261
	FRANZ  8    
	09
	220
	104.1
	103.7
	103.9
	103.9
	103.9
	4

	47521
	BLOGET89    
	47660
	GARROT 8    
	37
	309
	100.7
	101.7
	101.1
	101.1
	100.5
	5

	42140
	AVAUTO 9    
	42820
	HS_TAP69    
	53
	37
	106.8
	107.1
	106.9
	106.9
	106.6
	6

	44130
	CANEY_      
	44190
	E_BERN 8    
	60
	191
	114
	113.9
	114
	114
	114
	7

	40830
	HUMBLE 8    
	46550
	TRSWIG 8    
	66
	180
	< 95
	< 95
	< 95
	< 95
	106.4
	8

	46510
	TOMBAL 8    
	46261
	RAYFRD 8    
	66
	360
	< 95
	114.5
	< 95
	< 95
	< 95
	9

	46511
	TOMBALT8    
	46510
	TOMBAL 8    
	66
	185
	104.9
	129.7
	121.4
	117.9
	110.3
	9,10

	46510
	TOMBAL 8    
	46512
	TOMBALT8    
	81
	441
	< 95
	106.6
	< 95
	< 95
	< 95
	10

	46512
	TOMBALT8    
	46262
	RAYFRD 8    
	81
	360
	< 95
	113.9
	< 95
	< 95
	< 95
	10

	45512
	T_H_W_D8    
	45782
	GEARS  8    
	95
	384
	105.2
	< 95
	102.7
	103.3
	103.8
	11

	45862
	HIDDEN 8    
	46110
	N_BELT 8    
	95
	478
	105.5
	97.2
	103.5
	104
	104.4
	11

	40380
	CROSBY 9    
	40390
	CROSBY 8    
	A1
	75
	100.4
	100.4
	100.4
	100.4
	100.4
	12

	45500
	T_H_W_ 5   
	45510
	T_H_W_E8  
	A1
	800
	112.2
	96
	106.4
	106
	107.1
	13,14

	(1) CKT 06 QUANAB – S_R_B_E8
	(8) CKT 67 DRILCO – N_BELT 8

	(2) CKT 97 CENTER – P_H_R_ 5
	(9) CKT 81 TOMBAL 8 – WESFLD 8

	(3) CKT 76 ADICKS 8 – KLUGE 8
	(10) CKT 67 TOMBAL 8 – WESFLD 8

	(4) CKT 66 FLEWLN 8 – FREMAN 8
	(11) T_H_W_ 5 – T_H_W_ 8 A1

	(5) CKT 08 H_O_C_ 8 – STADIM 8
	(12) MT_BEL 8 – MT_BEL 9 A1

	(6) CKT 53 KARSTN 9 – MANVEL 9
	(13) CKT 21 T_H_W_W8 – CAMRON

	(7) CKT 60 DYANN 8 – S_LANE 8
	(14) CKT 81 PINHUR - HARDIN


Table 7. Single (N-1) Contingency Results
	From Bus
	To Bus
	Ckt
	Rate B
	2009 Base Case
	2009 Option A
	2009 Option B1
	2009 Option B2
	2009 Option C
	Contin-

gency

	
	
	
	
	(%)
	(%)
	(%)
	(%)
	(%)
	

	44100
	BRAZOS 8    
	44231
	CFLEWLN8    
	09
	220
	101.9
	 < 100
	 < 100
	 < 100
	 < 100
	1

	44100
	BRAZOS 8    
	44280
	FTBEND 8    
	09
	220
	117.8
	109.5
	112.6
	112.8
	114.8
	1

	44120
	BRITMR 8    
	45610
	ADICKS 8    
	09
	478
	112.3
	109
	108.4
	108.5
	108.3
	2

	42860
	LAMARQ 9    
	43410
	W_GALV 9    
	13
	59
	113.2
	113.2
	101.5
	101.5
	113.1
	3,4

	40232
	BUSCH  9    
	41192
	OATES 98    
	38
	110
	103.3
	102.7
	103
	103
	103.6
	5

	41192
	OATES 98    
	40720
	GRNBYUE9    
	38
	143
	 < 100
	 < 100
	 < 100
	 < 100
	100.2
	5

	43140
	RETREV 9    
	43370
	VLASCO 9    
	47
	105
	118.3
	118.3
	118.2
	118.4
	118.2
	6

	43140
	RETREV 9    
	43390
	W_COL_ 9    
	47
	72
	181.3
	181.3
	181.1
	181.5
	181.1
	6

	40830
	HUMBLE 8    
	46550
	TRSWIG 8    
	66
	220
	 < 100
	 < 100
	 < 100
	 < 100
	130.6
	7

	45880
	HOCKLY 8    
	46511
	TOMBALT8    
	66
	220
	 < 100
	101.6
	 < 100
	 < 100
	 < 100
	1

	46511
	TOMBALT8    
	46510
	TOMBAL 8    
	66
	227
	104.9
	120.9
	115.7
	111.6
	106.2
	1,8,9

	45651
	BAMMEL 8    
	46551
	VETRAN_8    
	67
	455
	103.6
	 < 100
	101.4
	101.6
	102.3
	10

	47700
	MAG_PK 8    
	47751
	UNIVER98    
	70
	478
	102.9
	101.2
	102
	101.9
	103.1
	11

	46302
	SATSUMT8    
	45802
	GERTIE 8    
	76
	455
	121.5
	 < 100
	114.5
	114.8
	117.4
	12

	45510
	T_H_W_E8    
	46660
	WILLOW      
	81
	717
	113.3
	 < 100
	107.7
	108
	110
	13

	45952
	KLUGE  8    
	46240
	PINHUR 8    
	81
	455
	 < 100
	106.2
	 < 100
	 < 100
	 < 100
	13

	46512
	TOMBALT8    
	46262
	RAYFRD 8    
	81
	440
	100.8
	112
	 < 100
	 < 100
	 < 100
	14

	40400
	CROWN_      
	41240
	JEFFERSN    
	94
	478
	101.6
	101.6
	101.6
	101.6
	101.6
	15

	40380
	CROSBY 9    
	40390
	CROSBY 8    
	A1
	75
	107.9
	107.8
	107.9
	107.9
	107.8
	16

	42000
	P_H_R_ 5    
	42015
	P_H_R_S8    
	A1
	460
	100.2
	 < 100
	100.1
	100
	 < 100
	17

	45500
	T_H_W_ 5    
	45510
	T_H_W_E8    
	A1
	914
	118.7
	107.4
	117.1
	116.8
	118.4
	13

	47000
	BELAIR 5    
	47010
	BELAIRN8    
	A1
	600
	110.2
	107.7
	108.3
	108.3
	108.1
	18

	43380
	W_COL_ 8    
	43390
	W_COL_ 9    
	A2
	100
	156.2
	156
	155.7
	156.3
	155.9
	6

	(1) CKT 25 MASON 8 – FLEWLN 8

     CKT 73 OBRIEN 8 – FLEWLN 8
	(10) T_H_W_ 5 – T_H_W_E8 A1

       CKT 95 T_H_W_E8 – N_BELT 8

	(2) CKT 24 SATSUM 8 – T_H_W_W8

     CKT 76 KLUGE 8 – ADICKS 8
	(11) CKT 21 GABLE 8 – GRNBYUE8

       CKT 03 GRNBYUW8 – WHITOKN8

	(3) CKT 63 WEBSTR 8 – LAMARQ 8

     CKT 01 GALVES 8 – WEBSTR 8
	(12) CKT 21 KLUGE 8 – CAMRON

       CKT 81 KLUGE 8 – KLEIN 8 

	(4) CKT 93 W_GALV 8 – HITCOK 8

     CKT 01 WEBSTR 8 – GALVES 8
	(13) CKT 21 CAMRON – T_H_W_W8 

       CKT 76 KLUGE 8 – ADICKS 8

	(5) CKT 16 DEPWTR 9 – S_CHAN 9

     CKT 23 SIMSON – S_R_B_W9
	(14) CKT 67 WESFLD 8 – INTER 8

       CKT 67 WESFLD 8 – TOMBAL 8

	(6) VLASCO 8 – VLASCO 9 A1

     VLASCO 8 – VLASCO 9 A2
	(15) CKT 06 JEFFERSN – S_CHAN 8

       CKT 06 JEFFERSN – PASDNA 8

	(7) CKT 74 SINGLETON – TOMBAL 5

     CKT 74 TOMBAL 5 – HUMBLE 
	(16) CKT 86 CEDARW – CHEVON 

       CKT 84 CEDARW – WARVUE 

	(8) CKT 81 TOMBAL 8 – WESFLD 8

     CKT 81 TOMBAL 8 – PINHUR 8
	(17) P_H_R_5 – P_H_R_S8 A2

       P_H_R_5 – P_H_R_S8 A3

	(9) CKT 81 TOMBAL 8 – WESFLD 8

     CKT 67 TOMBAL 8 – WESFLD 8
	(18) BELAIRN8 – BELAIR 5 A2

       BELAIRN8 – BELAIR 5 A4


Table 8. Common Mode Contingency Results
For Option A, ckt 66 Tomball to Rayford tap overloads beyond its continuous (Rate A) rating, ckt 81 Tomball to Tomball distribution tap to Rayford tap overloads beyond its continuous and emergency (Rate B) ratings, ckt 66 Hockley to Tomball distribution tap overloads beyond its emergency rating, and ckt 81 Pinehurst to Kluge overloads beyond its emergency rating.  However, Option A is the only option that results in relieving the overloading of ckt 95 North Belt to Hidden Valley tap, ckt 95 THW distribution tap to Gears tap, ckt 67 Bammel to Vetran/Jester tap, ckt 76 Satsuma tap to Gertie tap, and ckt 81 THW East to Willow.  

The short segment of ckt 66 from Tomball to the Tomball distribution tap needs to be upgraded to various levels for all of the options.  As a result of this analysis, CenterPoint has evaluated this short segment of conductor and determined that it may already have adequate clearance to be re-rated or, if not, it can be upgraded for minimal cost.  CenterPoint plans to upgrade this circuit by summer peak 2007.  This upgrade will be included in subsequent base cases and shown in this report with a cost of $0.
Option B1 and B2 do not show any additional upgrades needed for 2009 summer peak conditions than those already included in the model.  For Option C, the only additional upgrade that is necessary is for ckt 66 Humble to Treaschwig.

For the ckt 67 Bammel to Vetran/Jester tap, Option A solved the overload; however, Options B1, B2, and C resulted in overloads of 101-102%.  Bammel to Vetran/Jester tap was recently identified as needing to be upgraded as part of the normal planning process and is currently being upgraded as part of a project to convert Bammel into a loop tap substation.  This project should be completed by the end of 2006 and will increase the emergency rating to 561 MVA.  This upgrade is reflected in the most recent SSWG base cases currently being finalized and is also shown in CenterPoint’s most recent TPIT submittal.  For the ckt 95 THW distribution tap to Gears tap overload, Option A solved the overload; however, Options B1, B2, and C resulted in overloads of 103-04%.  Further inspection showed that an operating solution exists that would relieve the Option B1, B2, and C overloads without causing any additional problems.  The operating solution would entail rolling all Gears load to be served by the Gears tap on ckt 95 from North Belt to THW East.  The operating solution increases the overload on ckt 95 North Belt to Hidden Valley tap to approximately 115%; however the proposed solution of replacing 2000 A equipment would be adequate for the additional loading.  Also, for the ckt 81 overload of THW East to Willow the maximum overloading seen by Options B1, B2, or C was 110%.  Further investigation revealed that one 3000 A wavetrap and one 3000 A switch were the limitation.  CenterPoint allows its switches and wavetraps to reach an emergency rating of 110%; therefore, for Options B1, B2 and C no project would be necessary.  These three circuit overloads from the contingency results will not receive further consideration; however, they will continue to be reviewed as a part of the annual planning process. 
For the two other circuit overloads that only Option A solved, rather than show upgrades to these circuits for the remaining options, credits will be included in the Option A cost estimate equal to the estimated costs of the upgrades.  Therefore, Option A will be given credit for eliminating projects that would have been needed to solve overloads that occurred in the base case and Options B1, B2, and C.
Short Circuit Analysis

Both 3-phase and single line to ground fault analysis was performed on all four Singleton options to determine required fault duty ratings of the new substations and to identify any upgrades that may be necessary.  Table 9 contains the results of the short circuit analysis.  The results show that the fault duty ratings at existing substations will be sufficient for any option chosen.  CenterPoint designs all new substations, both 345 kV and 138 kV, with a 63 kA fault duty rating.  The results show that 63 kA will be sufficient for all of the new substations being considered.
	
	
	Rating
	2009 Base Case
	Option A
	Option B1
	Option B2
	Option C

	Bus
	kV
	kA
	kA
	%
	kA
	%
	kA
	%
	kA
	%
	kA
	%

	GIBCRK B
	345
	40
	24.2
	60.4
	32.2
	80.4
	32.1
	80.1
	32.1
	80.2
	32.1
	80.3

	JEWETT S
	345
	40
	31.1
	77.8
	32.6
	81.6
	32.6
	81.6
	32.6
	81.6
	32.6
	81.6

	JEWETT N
	345
	40
	31.2
	77.9
	32.3
	80.8
	32.3
	80.7
	32.3
	80.8
	32.3
	80.8

	ROANS PR
	345
	50
	19.7
	39.4
	30.0
	59.9
	29.2
	58.5
	29.3
	58.5
	29.3
	58.6

	Humble
	345
	New
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	28.6
	N/A

	HUMBLE 8
	138
	50
	22.1
	44.1
	22.2
	44.3
	22.1
	44.2
	22.2
	44.3
	37.6
	75.3

	KING   5
	345
	63
	39.9
	63.4
	40.4
	64.2
	40.4
	64.2
	40.5
	64.2
	41.5
	65.8

	OBRIEN 5
	345
	50
	40.3
	80.6
	40.7
	81.4
	40.7
	81.3
	40.7
	81.3
	40.7
	81.3

	T_H_W_ 5
	345
	50
	40.4
	80.8
	41.4
	82.7
	41.3
	82.6
	41.3
	82.6
	41.4
	82.7

	KLUGE  8
	138
	40
	26.0
	65.0
	27.4
	68.5
	26.2
	65.4
	26.2
	65.4
	26.1
	65.3

	TOMBAL 5
	345
	40
	15.4
	38.6
	24.1
	60.4
	17.9
	44.6
	18.0
	45.0
	18.2
	45.4

	TOMBAL 8
	138
	50
	32.5
	65.1
	42.8
	85.7
	35.7
	71.5
	35.9
	71.8
	35.4
	70.8

	WESFLD 8
	138
	40
	26.1
	65.2
	28.1
	70.4
	26.4
	66.1
	28.3
	70.7
	26.9
	67.2

	Singleton
	345
	New
	N/A
	N/A
	37.8
	N/A
	37.6
	N/A
	37.6
	N/A
	37.7
	N/A

	Hardin
	345
	New
	N/A
	N/A
	26.7
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Hardin
	138
	New
	N/A
	N/A
	40.8
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	Rothwood
	345
	New
	N/A
	N/A
	N/A
	N/A
	18.2
	N/A
	18.5
	N/A
	N/A
	N/A

	Rothwood
	138
	New
	N/A
	N/A
	N/A
	N/A
	26.7
	N/A
	28.6
	N/A
	N/A
	N/A


Table 9. Short Circuit Results
Cost Estimates

Option A

	Project
	Transmission cost
	Substation cost
	Total

	Build Singleton substation and loop all 345 kV circuits at corner into sub.  4000 A minimum equipment
	$5,700,000
	$14,000,000
	$19,700,000

	Build Hardin 345/138 kV substation. Add two 800 MVA autos.  Loop in 345 kV Singleton - Tomball and Roans - Kuykendahl ckts and loop in 138 kV ckt 81 Tomball - Pinehurst.
	$2,000,000
	$23,100,000
	$25,100,000

	Replace 1600 Amp equipment limiting Big Brown - Jewett South ckt, upgrading emergency rating to 1072 MVA.
	TXUED
	TXUED
	TXUED

	Upgrade ckt 66 Rayford tap - Tomball (360 MVA) to a minimum continuous rating of 413 MVA. Upgrade ckt 81 Rayford tap - Tomball distribution tap (360 MVA) to a minimum continuous rating of 410 MVA and minimum emergency rating of 493 MVA.
	$160,000
	$0
	$160,000

	Upgrade ckt 66 Tomball - Tomball distribution tap (185 MVA) to a minimum continuous rating of 241 MVA and minimum emergency rating of 275 MVA. 
	$0
	$0
	$0

	Upgrade ckt 81 Tomball - Tomball distribution tap (441 MVA) to a minimum continuous rating of 471 MVA. 
	$0
	$23,000
	$23,000

	Upgrade ckt 66 Hockley - Tomball distribution tap (220 MVA) to a minimum emergency rating of 224 MVA.
	$600,000
	$0
	$600,000

	Upgrade ckt 81 Pinehurst - Kluge (455 MVA) to a minimum emergency rating of 484 MVA 
	$100,000
	$0
	$100,000

	Upgrade ckt 99 PHR – Oasis to an emergency rating of 1500 MVA
	$200,000
	$140,000
	$340,000

	Credit for eliminating the upgrade of ckt 76 Satsuma tap - Gertie tap
	($150,000)
	($0)
	($150,000)

	Credit for eliminating the upgrade of ckt 95 North Belt – Hidden Valley tap
	($0)
	($100,000)
	($100,000)

	Total
	$8,610,000
	$37,263,000
	$45,773,000


Option B1

	Project
	Transmission cost
	Substation cost
	Total

	Build Singleton substation and loop all 345 kV circuits at corner into sub. 
	$5,700,000
	$14,000,000
	$19,700,000

	Build Rothwood 345/138 kV substation. Add 800 MVA auto looping 345 kV ckt 74 Kuykendahl tap - King and 138 kV ckt 66 Tomball - Westfield where 345 kV ckt crosses Rayford tap section.  Loop in only one of the tap sections.
	$2,000,000
	$14,200,000
	$16,200,000

	Convert Rayford into a loop tap substation
	$0
	$187,000
	$187,000

	Upgrade ckt 66 Tomball - Rothwood - Rayford to a minimum continuous rating of 360 MVA and minimum emergency rating of 440 MVA
	$1,500,000
	$0
	$1,500,000

	Replace 1600 Amp equipment limiting Big Brown - Jewett  South ckt, upgrading emergency rating to 1072 MVA
	TXUED
	TXUED
	TXUED

	Upgrade ckt 66 Tomball - Tomball distribution tap (185 MVA) to a minimum continuous rating of 225 MVA and minimum emergency rating of 253 MVA
	$0
	$0
	$0

	Upgrade ckt 99 PHR – Oasis to an emergency rating of 1500 MVA
	$200,000
	$140,000
	$340,000

	Total
	$9,400,000
	$28,527,000
	$37,927,000


Option B2

	Project
	Transmission cost
	Substation cost
	Total

	Build Singleton substation and loop all 345 kV circuits at corner into sub. 
	$5,700,000
	$14,000,000
	$19,700,000

	Build Rothwood 345/138 kV substation. Add 800 MVA auto looping 345 kV ckt 74 Kuykendahl tap - King and 138 kV ckt 66 Tomball - Westfield where 345 kV ckt crosses Rayford tap section.  Loop in both tap sections
	$2,100,000
	$15,200,000
	$17,300,000

	Upgrade ckt 66 Rothwood - Louetta tap to a minimum continuous rating of 360 MVA and minimum emergency rating of 440 MVA
	$650,000
	$0
	$650,000

	Upgrade ckt 66 Tomball - Rothwood to a minimum continuous rating of 360 MVA and minimum emergency rating of 440 MVA
	$700,000
	$0
	$700,000

	Upgrade ckt 99 PHR – Oasis to an emergency rating of 1500 MVA
	$200,000
	$140,000
	$340,000

	Replace 1600 Amp equipment limiting Big Brown - Jewett  South ckt, upgrading emergency rating to 1072 MVA
	TXUED
	TXUED
	TXUED

	Upgrade ckt 66 Tomball - Tomball distribution tap (185 MVA) to a minimum continuous rating of 219 MVA and minimum emergency rating of 251 MVA
	$0
	$0
	$0

	Total
	$9,350,000
	$29,340,000
	$38,690,000


Option C

	Project
	Transmission cost
	Substation cost
	Total

	Build Singleton substation and loop all 345 kV circuits at corner into sub. 
	$5,700,000
	$14,000,000
	$19,700,000

	Add 800 MVA auto at Humble substation, loop 345 kV ckt 74 Kuykendahl tap - King into Humble
	$320,000
	$12,100,000
	$12,420,000

	Upgrade ckt 66 Humble - Treaschwig (180 MVA) to a minimum continuous rating of 192 MVA and a minimum emergency rating of 288 MVA
	$3,000,000
	$0
	$3,000,000

	Upgrade ckt 66 Tomball - Tomball distribution tap (185 MVA) to a minimum continuous rating of 205 MVA and a minimum emergency rating of 241 MVA
	$0
	$0
	$0

	Upgrade ckt 99 PHR – Oasis to an emergency rating of 1500 MVA
	$200,000
	$140,000
	$340,000

	Replace 1600 Amp equipment limiting Big Brown - Jewett  South ckt, upgrading emergency rating to 1072 MVA
	TXUED
	TXUED
	TXUED

	Total
	$9,220,000
	$26,240,000
	$35,460,000


TXUED Proposed 345 kV TNP One to East Bell County


On December 6, 2006, TXU Electric Delivery submitted a project for regional review that would build a new 345 kV double circuit line from TNP One to a new substation, East Bell County, located near the Temple 345 kV substation on the Temple to Sandow 345 kV double circuit.  In their study report, they indicate that this circuit would significantly reduce contingency loading on the Gibbons Creek to O’Brien circuit amongst other benefits.  Given the stated effect on North to Houston transfer capability, CenterPoint felt that it was necessary to address the effect of this proposed double circuit line on the Houston Area Constraint Mitigation Phase II analysis with a sensitivity study.

The main driver for the TNP One to East Bell County double circuit line is clearly the addition of generation at Oak Grove (1710 MW), Sandow (581 MW), and Sandy Creek (925 MW) all located north of Houston, but south of Dallas.  Up to this point, CenterPoint analysis has not considered or modeled any generation that was not included in the June 2006 SSWG Base Cases.  However, in analyzing the new double circuit line, the addition of these generators appears to be warranted.  These generators were added to the 2009 case and modeled as stated in the TXUED report.  All existing generation in the case was scaled down an amount equal to the amount that was just added.  Two options were evaluated, original Option 4 (see Figure 6) which is composed of a reconfiguration of circuits at Singleton corner and resulted in the highest North to Houston transfer capability of Options 1-4.  The second option evaluated was Option B1 (see Figure 10), composed of Singleton substation, Rothwood substation, and Rothwood autotransformer.  The Rothwood substation and autotransformer were added to Option 4 for this analysis, so that an equivalent comparison could be made.  Table 10 shows the results of transfer capability analysis for Options 4 and B1.
	
	2009

Study results (MW)
	2009 Case with East Bell County – TNP One

Oak Grove, Sandow, Sandy Creek generation added 

(MW)

	Base Case
	492 (A)
	-216 (A)

	Option 4: Singleton reconfiguration plus Rothwood
	945 (B)
	-91 (C) / 395 (B)

	Option B1: Singleton sub plus Rothwood
	1600 (D)
	814 (E) / 1176 (D)


            Constraint:


(A) Gibbons Creek – O’Brien @ 1450 MVA


(B) Jewett – T.H. Wharton @ 1450 MVA


(C) Gibbons Creek – Tomball @ 1376 MVA

(D) Big Brown – Jewett North @ 1072 MVA


(E) Both Gibbons Creek – Singleton ckts @ 1376 MVA

Table 10. Comparison of North to Houston transfer capability with East Bell County – TNP One circuits plus Oak Grove, Sandow, and Sandy Creek plants modeled.

As seen from the results, building Singleton substation still provides higher transfer capability than Option 4.  In fact, the gap in transfer capability appears to widen after adding the additional generation to the case.  Two numbers are listed for Option 4 and B1 transfer capabilities: the first number is the transfer capability assuming that the TMPA portion of the Gibbons Creek circuits to Houston have an emergency rating of 1376 MVA.  If TMPA ultimately determines that these circuits can be rated higher, then the second number could become the limit.  

These results do not mean that the East Bell County – TNP One circuits lower North to Houston transfer capability.  On the contrary, transfer capability would have been several hundred MW lower had the generation been modeled without the new circuits.  It is also important to note that neither project, East Bell County – TNP One circuits or Singleton substation with associated projects, can be substituted for one another.  Each project is needed to solve a different set of problems.  

The sensitivity results of this study seem to lead to the conclusion that building Singleton substation may be even more important should generation be built north of the Houston area.  If several thousand MW’s of generation is built north of Houston, then it is likely to displace generation in or south of Houston resulting in higher flows into Houston from the north.  Singleton substation (along with Rothwood substation) would allow additional transfer capability on the North to Houston interface.  
Summary

CenterPoint considered five options that would not require new transmission lines to be built in order to increase North to Houston transfer capability.  The results of that analysis clearly indicate that Option 5, building a 345 kV Singleton substation, provides the largest increase in North to Houston transfer capability along with providing the most reactive support of all of the options studied.  For this option, the Tomball 345/138 kV Auto #2 must also be eliminated from becoming the most limiting North to Houston constraint.  CenterPoint sought to find another location for an autotransformer near Tomball, but not at the Tomball substation.  CenterPoint evaluated four options for relieving the Tomball constraint by placing a new auto or autos at one of three candidate locations.  The results show that all four options are viable with costs ranging from $35 million to $45 million.  

Option C results in the lowest cost of the four options.  This is most likely because of the fact that the 138 kV Humble substation already exists.  However, as seen in Table 6, by 2010 the North to Houston constraint reverts back to being Tomball Auto #2.  One concludes that only one year after Option C would be energized, CenterPoint would likely need to build Rothwood or Hardin with a 345/138 kV autotransformer in addition to the one added to Humble.  The Rothwood Option B1 is estimated to cost $2.5 million more than Option C, but the results show that the auto at Rothwood significantly reduces auto loading at Tomball such that no additional autos would be expected to be needed for North to Houston transfer capability over the near-term planning horizon.  Based on the analysis, CenterPoint recommends that ERCOT approve Option B1 as the most reasonable, effective, low-cost solution for relieving North to Houston constraints.

Option B1 appears to provide the additional transfer capability that would be needed if proposed generation is built along the 345 kV corridors between Dallas and Houston.  This project also appears to be complimentary to a proposed TXUED 345 kV East Bell County to TNP One double circuit line.  Regardless of the status of proposed generation projects, Option B1 proves itself to be an effective solution to relieving constraints and increasing import capability into the Houston from the north.
Appendix A
Changes made to the ERCOT base cases before analysis for the study was performed.

1. Add ckt ids for tie lines into the CenterPoint system that correspond to the actual circuit numbers.

2. Move the swing bus from WAP Unit #5 to Comanche Peak Unit #1.

3. Changed all bus zone numbers to correspond to the CSC zones.

4. Changed the voltage controlled bus for the AES generator to the LYDELL 138 kV bus instead of the Deepwater 138 kV bus.  This helped achieve easier solution for some contingencies.

5. Modeled upgrade of Lake Creek – Temple Pecan Creek 138 kV ckt.  It is listed as a ‘Pipeline’ project by ERCOT Transmission Services.

6. MUST FCITC Option PTDF threshold set to 0.03pu

7. All transfers were modeled by scaling down load in the sending zone and scaling down generation in the receiving zone (typically the Houston CSC zone).

Appendix B

Summary of North to Houston CSC daily limits 11/7/2005 – 10/23/2006
	North To Houston Summary

	
	
	

	Constraining Element
	Number of Days
	Percentage

	Waller-Prairie View
	266
	76 %

	Jewett-Tomball
	57
	16 %

	Others
	28
	8 %


Summary of South to Houston CSC daily limits 11/7/2005 – 10/23/2006
	South To Houston Summary

	
	
	

	Constraining Element
	Number of Days
	Percentage

	STP-WAP 
	183
	52 %

	Waller-Prairie View
	138
	39 %

	Others
	30
	9 %


Appendix C

CenterPoint Energy Transmission Planning Tomball Auto Study Report

Executive Summary


After deregulation in Texas was implemented and more than 3800MW of mothballed generating units were turned off in the Houston area, the generation dispatch patterns were changed drastically throughout the state. CNP performed a Houston area constraint mitigation study and identified several projects to increase the transfer capability into the Houston area from both the North and the South by reducing the thermal and voltage stability limitations that existed on both interfaces. To increase voltage stability capability for both South to Houston and North to Houston interfaces CNP will implement projects that include installation of dynamic reactive devices at the Bellaire South and Crosby 138 kV buses, expansion of static reactive resources and verification of reactive capabilities of local generating plants. These projects which are planned to be completed by summer peak 2008 will increase the reliability of the CenterPoint Energy and ERCOT transmission systems.


This study is performed to screen the ERCOT future base cases with the increased interface flows to Houston area for thermal overloads with the assumption that all the planned Houston area constraint mitigation projects and reactive resources expansion projects complete before summer of 2008. Still significantly low voltage violations were observed in the high import cases starting from 2010 base case. Therefore, 2008 and 2009 base cases with the high import generation dispatch were screened in this study. These critical voltage violations will be addressed in a separate study. 

The North to Houston interface is defined as the total flow on the four tie lines into Houston from the North, which includes ckt.98 Jewett to T.H. Wharton, ckt.99 Gibbons Creek to O’Brien, ckt.74 Jewett to Tomball and ckt.75 Roans Prairie to King; and the South to Houston interface is defined as the total flow on the three existing tie lines into Houston from the South, which includes ckt.39 STP to W.A. Parish, ckt.18 and ckt.27 from STP to DOW and two future tie lines ckt.64 and ckt.72 from W.A. Parish to Hillje. 

With the significantly increased imports to Houston, 345kV ckt.99 Gibbons Creek to O’Brien constrains the North to Houston interface under the Category B (single line or autotransformer failure) contingency loss of ckt.75 Roans Prairie to King. The 70 miles of a bundled 795ACSR conductor was identified as the most limiting element for North to Houston transfer. Also, both 345/138kV, 800MVA autotransformers at Tomball experience thermal overloading under the Category B contingency loss of one of the autos. 


The goal of this study is to examine options to relieve thermal overloading of ckt.99 Gibbons Creek to O’Brien and both autotransformers at Tomball without rebuilding Gibbons Creek to O’Brien and without adding a third auto at Tomball. During the study some underlying problems caused by the proposed projects were identified and are listed in the steady-state load flow studies section.

Background


The transmission system models referred to and used throughout this report are based on the 2008 and 2009 summer peak published ERCOT Steady State Working Group (SSWG) base cases with economic dispatch (see Figure 1). Several modifications were made in-house to the cases including changing Qmax values based on updated test and operational data, adding zero sequence data for short circuit studies, updating with the new information that was not available at the time ERCOT published these cases in June 06, 2006. To simulate high North to Houston transfers, several generation and load adjustments were made to the cases. Distribution load in the CNP area and TNMP load located in Houston area was increased and load north of Houston decreased by approximately 1100MW. Air Product generating units were turned off (totals of 166MW) and generation in TXU area was increased by 250MW. Capacitor banks recommended to be added before summer of 2008 as part of the reactive resources expansion project were modeled in the studied base cases. After making these changes, the cases were saved and will be referred to as 2008 and 2009 Study Base cases. As-created, the studied high import base cases have a pre-contingency North to Houston and South to Houston interface flow as shown in Table 1.

Figure 1. Existing configuration.


[image: image13]
Table 1. Pre-contingency Interface Flows for ERCOT Cases and Study Base Cases

	Base case
	ERCOT ECONOMIC DISPATCH 
	HIGH IMPORT DISPATCH 

	
	Circuit name
	MW
	MVAR
	Circuit name
	MW
	MVAR

	2008 Summer Peak Base Cases
	Ckt.74 Jewett - Tomball 
	602.25
	71.66
	Ckt.74 Jewett - Tomball
	829.35
	184.14

	
	Ckt.98 Jewett - THW 
	498.46
	9.05
	Ckt.98 Jewett - THW 
	726.48
	90.2

	
	Ckt.99 Gibbons Crk - Obrien  
	622.47
	26.26
	Ckt.99 Gibbons Crk - Obrien  
	829.75
	122.13

	
	Ckt.75 Roans Prairie - King 
	664.39
	58.84
	Ckt.75 Roans Prairie - King 
	872.03
	140.47

	
	North to Houston Interface 
	2387.57
	165.81
	North to Houston Interface 
	3257.6
	536.94

	
	Ckt.39 STP - WAP 
	341.83
	11.73
	Ckt.39 STP - WAP 
	405.71
	68.07

	
	Ckt.18 STP - DOW 
	431.18
	84.86
	Ckt.18 STP - DOW 
	501.6
	114.32

	
	Ckt.27 STP - DOW 
	431.18
	84.86
	Ckt.27 STP - DOW 
	501.6
	114.32

	
	Ckt.64 Hillje - WAP 
	365.61
	27.57
	Ckt.64 Hillje - WAP 
	454.51
	84.93

	
	Ckt.72 Hillje - WAP 
	365.61
	27.57
	Ckt.72 Hillje - WAP 
	454.51
	84.93

	
	South to Houston Interface 
	1935.42
	236.59
	South to Houston Interface 
	2317.93
	466.57

	2009 Summer Peak Base Cases
	Ckt.74 Jewett - Tomball 
	605.34
	85.67
	Ckt.74 Jewett - Tomball 
	830.47
	200.74

	
	Ckt.98 Jewett - THW 
	496.14
	19.18
	Ckt.98 Jewett - THW 
	722.7
	99.39

	
	Ckt.99 Gibbons Crk - Obrien  
	620.04
	46.08
	Ckt.99 Gibbons Crk - Obrien  
	825.01
	141.68

	
	Ckt.75 Roans Prairie - King 
	669.76
	69.72
	Ckt.75 Roans Prairie - King 
	880.98
	154.55

	
	North to Houston Interface 
	2391.28
	220.65
	North to Houston Interface 
	3259.15
	596.35

	
	Ckt.39 STP - WAP 
	369.19
	28.13
	Ckt.39 STP - WAP 
	444.39
	86.93

	
	Ckt.18 STP - DOW 
	453.58
	93.21
	Ckt.18 STP - DOW 
	536.15
	125.46

	
	Ckt.27 STP - DOW 
	453.58
	93.21
	Ckt.27 STP - DOW 
	536.15
	125.46

	
	Ckt.64 Hillje - WAP 
	391.95
	44.24
	Ckt.64 Hillje - WAP 
	494.34
	103.27

	
	Ckt.72 Hillje - WAP 
	391.95
	44.24
	Ckt.72 Hillje - WAP 
	494.34
	103.27

	
	South to Houston Interface 
	2060.24
	303.03
	South to Houston Interface 
	2505.38
	544.39



Power flow models with the high import to Houston area show violations of CNP’s single (Category B) contingency design criteria. See Tables 2 through 5. Having identified design criteria violations, Category B and C contingency analysis were performed using the power flow cases mentioned above.

Table 2. Pre-contingency Thermal Loading in ERCOT and Study Base Cases

	   Overloaded circuit     
	2008 Summer Peak   
	2009 Summer Peak   

	
	Base case
	 Study case          
	Base case
	Study case          

	 Auto 1 @ T.H. Wharton
	<95%
	<95%
	<95%
	<98.8%


Table 3. Pre-contingency Voltages in ERCOT and Study Base Cases

	Bus Information
	kV
	2008 Summer Peak   
	2009 Summer Peak   

	
	
	Base case
	 Study case          
	Base case
	Study case          

	 45600 Addicks    
	345
	>0.98
	0.978
	>0.98
	0.969

	 45971 Kuykendahl      
	345
	>0.98
	0.966
	>0.98
	0.959

	 46500 Tomball      
	345
	>0.98
	0.956
	>0.98
	0.948

	 46600 White Oak      
	345
	>0.98
	0.979
	>0.98
	0.970


Table 4. Thermal overloads in ERCOT and Study Base Cases during single (category B) contingencies

	Overloaded circuit
	Single Contingency
	2008 Summer peak
	2009 Summer peak

	
	
	Base cases
	 Study case          
	Base cases
	Study case          

	Ckt.81Tomball to Rayford
	Ckt&1Tomball to Westfield
	85.7%
	102.2%
	86.8%
	103.9%

	
	
	  360MVA  
	  360MVA  
	  360MVA  
	  360MVA  

	Ckt.95 THW to Gears
	Auto 1 @ T.H. Wharton
	99.1%
	106.9%
	102.6%
	111.1%

	
	
	  384MVA  
	  384MVA  
	  384MVA  
	  384MVA  

	Ckt.99 Obrien to Gibbons Crk
	Ckt&1 Roans PR to King
	78.5%
	107.0%
	78.6%
	107.6%

	
	
	 1137MVA  
	 1137MVA  
	1137MVA  
	1137MVA  

	Auto 1 @ T.H. Wharton
	Ckt.21 THW to Camron 
	102.2%
	112.4%
	102.6%
	117.1%

	
	
	  800MVA  
	  800MVA  
	  800MVA  
	  800MVA  

	Auto 1 @ Tomball
	Auto 2 @ Tomball
	90.5%
	105.1%
	91.7%
	106.2%

	
	
	  800MVA  
	  800MVA  
	  800MVA  
	  800MVA  

	Auto 2 @ Tomball
	Auto 1 @ Tomball
	90.5%
	105.1%
	91.8%
	106.2%

	
	
	  800MVA  
	  800MVA  
	  800MVA  
	  800MVA  


Table 5. Bus Voltages in ERCOT and Study Base Cases during single (category B) contingencies

	Bus Information
	kV
	Single Contingency
	2008 Summer Peak
	2009 Summer Peak

	
	
	
	Base cases
	 Study case          
	Base cases
	Study case          

	 44500 Obrien  
	345
	Ckt.&1 Roans PR to King
	>0.98
	0.97
	>0.98
	0.96

	 45600 ADICKS 
	345
	
	>0.98
	0.961
	>0.98
	0.95

	 45971 KUYDAL 
	345
	
	>0.98
	0.945
	0.977
	0.938

	 46600 WHITOK   
	345
	
	>0.98
	0.963
	>0.98
	0.952

	 47300 JENETA 
	345
	
	>0.98
	0.973
	>0.98
	0.961

	 45500 T_H_W_   
	345
	Ckt.74 Tomball to Jewett N
	>0.98
	0.967
	>0.98
	0.958

	46500 TOMBAL    
	345
	Ckt.&1 King to Tomball
	0.922
	0.895
	0.921
	0.89

	 46240 PINHUR 
	138
	Ckt.&1 Pinehurst to Tomball
	>0.95
	0.941
	0.949
	0.931

	 45712 CYFAIR 
	138
	Ckt.81 T.H. Wharton to Willow
	>0.95
	>0.95
	>0.95
	0.949

	 45940 KLEIN     
	138
	
	>0.95
	0.943
	>0.95
	0.931

	 45952 KLUGE  
	138
	
	>0.95
	>0.95
	>0.95
	0.944

	 45953 CKLUGE 
	138
	
	>0.95
	>0.95
	>0.95
	0.944

	 46660 WILLOW        
	138
	
	>0.95
	0.943
	>0.95
	0.93


Screening Study


CenterPoint Energy considered a number of options to adequately address thermal overload problems of 800MVA autotransformers at Tomball and 345kV ckt.99 Gibbons Creek to Obrien. These options fall into basically two categories: swapping circuits in the existing right-of-way at Singleton corner; and building a new switching station near Pinehurst. All of the options were evaluated based on increasing transfer capability into the Houston area. Six leading options are described below. The following is a detailed list of the options studied along with a brief summary of the pros and cons of the option. The complete results of the contingency analysis of thermal overload can be seen in Table 6 through Table 9.

1. Option 1 – Swap ckt.74 Tomball to Jewett and ckt.75 Roans Prairie to Gibbons Creek at Singleton corner (see Figure 2.). This option reduces flow through ckt.99 Gibbons Creek to Obrien by 18% and solves thermal overloading of this line under worst case single contingency loss of ckt.75 Roans Prairie to King.  It reduces but does not solve the thermal overload problems of this circuit during the loss of the tower commonly shared by the new ckt.74 Gibbons Creek to Tomball and existing ckt.75 Roans Prairie to King.  
Figure 2. Option 1 configuration.


[image: image14]
2. Option 2 – Build new 345/138kV switching station (further refer as New SS) with an 800MVA auto near Pinehurst. Loop 345kV ckt.75 Roans Prairie to King and 138kV ckt.81 Pinehurst to Tomball into the new substation (see Figure 3). This option solves the Tomball autotransformer overload problems during anticipated single and common mode contingencies.  

Figure 3. Option 2 configuration.


[image: image15]
3. Option 3 – Combination of Option 1 and 2 (see Figure 4.). This option solves the Tomball autotransformer overload problems during anticipated single and common mode contingencies and solves thermal overloading of ckt.99 Gibbons Creek to Obrien under worst case single contingency loss of ckt.75 Roans Prairie to King by reducing flow through ckt.99 Gibbons Creek to Obrien by 19%.  It reduces but does not solve the thermal overload problems of ckt.99 Gibbons Creek to Obrien during the loss of the tower commonly shared by the new ckt.74 Gibbons Creek to Tomball and ckt.75 Roans Prairie to New SS. 
Figure 4. Option 3 configuration.


[image: image16]
4. Option 4 – Build new 345/138kV switching station (further refer as New SS) with an 800MVA auto near Pinehurst. Loop 345kV ckt.74 Jewett to Tomball (rather than ckt. 75 Roans Prairie to King as in option 2) and 138kV ckt.81 Pinehurst to Tomball into the new substation (see Figure 5). This option solves the Tomball autotransformers overload problems during anticipated single and common mode contingencies.   
Figure 5. Option 4 configuration.


[image: image17]
5. Option 5 – Combination of Option 1 and 4 (see Figure 6.). This option solves the Tomball autotransformers overload problems during anticipated single and common mode contingencies and solves thermal overloading of ckt.99 Gibbons Creek to Obrien under worst case single contingency loss of ckt.75 Roans Prairie to King by reducing flow through ckt.99 Gibbons Creek to Obrien by 21%. It reduces but not solves the thermal overload problems of ckt.99 Gibbons Creek to Obrien during the loss of the tower commonly shared by new ckt.74 Gibbons Creek to New SS and existing ckt.75 Roans Prairie to King.

Figure 6. Option 5 configuration.



[image: image18]
6. Option 6 – Add third 800MVA autotransformer at Tomball. This option solves only the Tomball autotransformers overload problems during anticipated single and common mode contingencies.
Steady-State Load Flow Studies

Tables 6 and 7 show the single contingency analysis results for the study base cases and options 1 through 6. For single contingency results, Rate A (continuous rating) is used as the branch rating. Tables 8 and 9 show the common mode double contingency analysis results. For common mode double contingency results, Rate B (emergency rating) is used as the branch rating. The branches listed are only those branches where either option had a non-trivial effect on the loading. Note that N/A stands for not applicable and NCC stands for the Non Converged Case.

Table 6. Thermal overload in % during single (category B) contingencies.
	Overloaded circuit 
	Single Contingency
	Rate A MVA
	2008 Summer peak base cases          
	2009 Summer peak base cases          

	
	
	
	% overload of applicable rating

	
	
	
	Study case          
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6
	Study case          
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ckt.74 NEW_SS to Jewett N
	Ckt.&1 Roans Prairie - King
	1137
	N/A
	N/A
	N/A
	N/A
	97.3
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	98.3
	N/A
	N/A

	Ckt.74 Tomball to Jewett N
	
	
	<95
	N/A
	N/A
	N/A
	N/A
	N/A
	95.1
	95.1
	N/A
	N/A
	N/A
	N/A
	N/A
	96.1

	Ckt.81Tomball to Tomball T
	Ckt&1Tomball to Westfield
	441
	97.5
	99.2
	115.8
	117.8
	100.4
	101.9
	101.2
	99.2
	100.9
	118.1
	120.0
	102.1
	103.7
	102.9

	Ckt.81Tomball to Rayford
	
	360
	102.2
	104.5
	124.7
	127.3
	105.9
	107.8
	106.8
	103.9
	105.9
	127.1
	129.5
	107.6
	109.4
	108.3

	Ckt.99 Obrien to Gibbons Crk.
	CKT&1 Roans Prairie - King
	1137
	107.0
	<95
	N/A
	N/A
	105.8
	<95
	106.6
	107.6
	<95
	N/A
	N/A
	106.3
	<95
	107.2

	
	Ckt.75 Roans PR to New SS
	1137
	N/A
	N/A
	107.2
	<95
	N/A
	N/A
	N/A
	N/A
	N/A
	107.6
	<95
	N/A
	N/A
	N/A

	Auto 1 @ T.H. Wharton
	Ckt.81 Pinehurst to New SS
	800
	N/A
	N/A
	104.9
	104.4
	105.7
	104.9
	N/A
	N/A
	N/A
	109.6
	109.0
	110.1
	109.3
	N/A

	
	Ckt.21 THW to Camron
	
	112.4
	111.2
	102.6
	99.7
	105.4
	103.8
	111.9
	117.1
	115.4
	106.5
	105.4
	111.0
	109.1
	116.4

	Auto 1 @ New SS
	Ckt.&1 King to New SS
	800
	N/A
	N/A
	106.5
	123.1
	N/A
	N/A
	N/A
	N/A
	N/A
	108.3
	123.6
	N/A
	N/A
	N/A

	
	Ckt.74 NEW_SS to Tomball
	
	N/A
	N/A
	N/A
	N/A
	<95
	<95
	N/A
	N/A
	N/A
	N/A
	N/A
	<95
	<95
	N/A

	Auto 1 @ Tomball
	Auto 2 @ Tomball
	800
	105.1
	107.3
	<95
	<95
	<95
	<95
	<95
	106.2
	108.8
	<95
	<95
	<95
	<95
	<95

	Auto 2 @ Tomball
	Auto 1 @ Tomball
	800
	105.1
	107.3
	<95
	<95
	<95
	<95
	<95
	106.2
	108.8
	<95
	<95
	<95
	<95
	<95


Table 7. Low voltage during single (category B) contingencies
	Bus Information
	Single Contingency
	2008 Summer on-peak base cases          
	2009 Summer on-peak base cases          

	
	
	Study case          
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6
	Study case          
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6

	Bus Name
	kV
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	TH Wharton (45500)
	345
	Ckt.&1 Roans Prairie to King
	0.968
	0.958
	N/A
	N/A
	0.970
	0.965
	0.968
	0.958
	0.950
	N/A
	N/A
	0.961
	0.956
	0.959

	
	
	Ckt.74 NEW_SS to Jewett N
	N/A
	N/A
	N/A
	N/A
	0.968
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.959
	N/A
	N/A

	
	
	Ckt.74 Tomball to Jewett N.
	0.967
	N/A
	0.978
	N/A
	N/A
	N/A
	0.967
	0.958
	N/A
	0.971
	N/A
	N/A
	N/A
	0.958

	
	
	Ckt.75 Roans Prairie to New SS
	N/A
	N/A
	0.970
	0.962
	N/A
	N/A
	N/A
	N/A
	N/A
	0.962
	0.953
	N/A
	N/A
	N/A

	Addicks (45600)
	345
	Ckt.&1 Roans Prairie to King
	0.961
	0.951
	N/A
	N/A
	0.964
	0.959
	0.962
	0.950
	0.941
	N/A
	N/A
	0.954
	0.948
	0.951

	
	
	Ckt.74 NEW_SS to Jewett N
	N/A
	N/A
	N/A
	N/A
	0.963
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.952
	N/A
	N/A

	
	
	Ckt.74 Tomball to Jewett N.
	>0.97
	N/A
	0.974
	N/A
	N/A
	N/A
	0.962
	0.958
	N/A
	0.964
	N/A
	N/A
	N/A
	0.951

	
	
	Ckt.75 Roans Prairie to New SS
	N/A
	N/A
	0.963
	0.956
	N/A
	N/A
	N/A
	N/A
	N/A
	0.954
	0.946
	N/A
	N/A
	N/A

	Hockly (45890)
	138
	Ckt.81 TH Wharton to Willow  
	>0.95
	>0.95
	>0.95
	>0.95
	>0.95
	>0.95
	>0.95
	>0.95
	0.949
	0.945
	0.945
	>0.95
	>0.95
	0.948

	Klein (45940)
	
	
	0.943
	0.943
	>0.95
	>0.95
	>0.95
	>0.95
	0.943
	0.931
	0.934
	0.949
	0.948
	0.942
	0.946
	0.933

	Kluge (45952)
	
	
	>0.95
	>0.95
	>0.95
	>0.95
	>0.95
	>0.95
	>0.95
	0.944
	0.947
	>0.95
	>0.95
	>0.95
	>0.95
	0.946

	Willow (46660)
	
	
	0.943
	0.943
	>0.95
	>0.95
	>0.95
	>0.95
	0.942
	0.930
	0.933
	0.948
	0.947
	0.941
	0.945
	0.932

	Kuykendahl (45971)
	345
	Ckt.&1 Roans Prairie to King
	0.945
	0.939
	N/A
	N/A
	0.945
	0.944
	0.945
	0.938
	0.933
	N/A
	N/A
	0.940
	0.939
	0.938

	
	
	Ckt.75 Roans Prairie to New SS
	N/A
	N/A
	0.952
	0.947
	N/A
	N/A
	N/A
	N/A
	N/A
	0.947
	0.944
	N/A
	N/A
	N/A

	New SS (46245)
	345
	Ckt.&1 King to New_SS
	N/A
	N/A
	>0.98
	0.968
	N/A
	N/A
	N/A
	N/A
	N/A
	>0.98
	0.948
	N/A
	N/A
	N/A

	
	
	Ckt.&1 King to Tomball
	N/A
	N/A
	>0.98
	>0.98
	0.896
	0.923
	N/A
	N/A
	N/A
	>0.98
	>0.98
	0.892
	0.919
	N/A

	
	
	Ckt.75 Roans Prairie to New SS
	N/A
	N/A
	0.978
	0.972
	N/A
	N/A
	N/A
	N/A
	N/A
	0.969
	0.959
	N/A
	N/A
	N/A

	Tomball (46500)
	345
	Ckt.&1 King to Tomball
	0.895
	0.918
	0.926
	0.942
	0.895
	0.921
	0.895
	0.890
	0.914
	0.925
	0.948
	0.891
	0.917
	0.891

	
	
	Ckt.75 Roans Prairie to New SS
	N/A
	N/A
	0.941
	0.936
	N/A
	N/A
	N/A
	N/A
	N/A
	0.936
	0.933
	N/A
	N/A
	N/A


Table 8. Thermal overload in % common mode (category C) contingencies.

	Overloaded circuit 
	Double Contingency
	Rate A MVA
	2008 Summer peak base cases          
	2009 Summer peak base cases          

	
	
	
	% overload of applicable rating

	
	
	
	Study case          
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6
	Study case          
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6

	Ckt.66 Hockley to Tomball
	Ckt.25 Flewellen to Mason  &  Ckt.73 Obrien to Flewellen
	220
	<100
	<100
	<100
	101
	<100
	<100
	<100
	<100
	<100
	<100
	102
	<100
	<100
	<100

	Ckt.66 Tomball to Rayford
	Ckt.&2 Tomball to Westfield  &  Ckt.&1 Tomball  to Pinehurst
	440
	103
	105
	N/A
	N/A
	N/A
	N/A
	107
	105
	106
	N/A
	N/A
	N/A
	N/A
	108

	
	Ckt.&2 Tomball to Westfield  &  Ckt.&1 Tomball to New SS
	440
	N/A
	N/A
	<100
	<100
	<100
	<100
	N/A
	N/A
	N/A
	100
	101
	<100
	<100
	N/A

	Ckt.66 Treaschwig to Westfield
	Ckt.&1 Humble to Deusen & Ckt.&1 Humble to Greens Bayou
	280
	101
	101
	107
	108
	102
	102
	102
	103
	104
	110
	111
	104
	105
	105

	Ckt.67 Bammel to Veterans
	Auto 1 @ TH Wharton & 
Ckt.&2 TH Wharton to N. Belt
	455
	105
	105
	<100
	<100
	101
	101
	104
	110
	110
	101
	101
	105
	105
	109

	Ckt.74 New SS to Gibbons Crk.
	Ckt.98 Jewett S to TH Wharton & Ckt.99 Obrien to Gibbons Crk
	1376
	N/A
	N/A
	N/A
	N/A
	N/A
	106
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	107
	N/A

	Ckt.74 Tomball to Gibbons Crk.
	
	1376
	N/A
	109
	N/A
	<100
	N/A
	N/A
	N/A
	N/A
	110
	N/A
	100
	N/A
	N/A
	N/A

	Ckt.75 Roans Prairie to Kuykendahl
	Ckt.74 Gibbons Crk to New SS & Ckt.99 Gibbons Crk to Obrien
	1710
	N/A
	N/A
	N/A
	N/A
	N/A
	105
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	107
	N/A

	Ckt.75 Roans Prairie to New SS
	Ckt.74 Gibbons Crk. to Tomball &  Ckt.99 Gibbons Crk. to Obrien
	1710
	N/A
	<100
	N/A
	104
	N/A
	N/A
	N/A
	N/A
	<100
	N/A
	105
	N/A
	N/A
	N/A

	
	Ckt.98 Jewett S to TH Wharton & Ckt.99 Obrien to Gibbons Cr
	1710
	N/A
	N/A
	104
	<100
	N/A
	N/A
	N/A
	N/A
	N/A
	105
	<100
	N/A
	N/A
	N/A

	Ckt.75 Kuykendahl to King
	Ckt.74 Gibbons Crk to New SS & Ckt.99 Gibbons Crk to Obrien
	1710
	N/A
	N/A
	N/A
	N/A
	N/A
	102
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	103
	N/A

	Ckt.76 Satsuma to Gertie
	Ckt.&1 Kluge to Camron &
Ckt.&1 Kluge to Klein
	455
	116
	113
	<100
	<100
	102
	<100
	113
	124
	121
	<100
	<100
	110
	106
	122

	
	Ckt.&1 Kluge to Camron &
Ckt.81 Kluge to Pinehurst
	455
	<100
	<100
	<100
	<100
	<100
	<100
	<100
	104
	103
	103
	103
	104
	103
	104

	Ckt.81 TH Wharton to Willow
	Ckt.21 Camron to TH Wharton &  Ckt.&1 Addicks to Kluge
	717
	111
	108
	<100
	<100
	<100
	<100
	108
	119
	117
	<100
	<100
	107
	104
	117

	Ckt.81 Klein to Willow
	
	789
	<100
	<100
	<100
	<100
	<100
	<100
	<100
	103
	101
	<100
	<100
	<100
	<100
	101

	Ckt.81 Kluge to Pinehurst
	
	455
	<100
	<100
	108
	110
	<100
	<100
	<100
	<100
	<100
	113
	116
	<100
	101
	<100

	Ckt.81Tomball to Tomball T
	Ckt.&1 Hockley to Tomball   &  Ckt.&1 Tomball to Westfield
	561
	<100
	<100
	105
	106
	<100
	<100
	<100
	<100
	<100
	106
	108
	<100
	<100
	<100


Table 8. Thermal overload in % common mode (category C) contingencies (continuation).
	Overloaded circuit 
	Single Contingency
	Rate A MVA
	2008 Summer peak base cases
	2009 Summer peak base cases

	
	
	
	% overload of applicable rating

	
	
	
	Study case          
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6
	Study case          
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6

	Ckt.81Tomball to Tomball T
	Ckt.67 Westfield to Inter  &
Ckt.&1 Westfield to Tomball
	561
	<100
	<100
	105
	105
	<100
	<100
	<100
	<100
	<100
	107
	108
	100
	101
	101

	Ckt.99 Obrien to Gibbons Crk.
	Ckt.74 New SS to Gibbons Crk  &  Ckt.&1 Roans Prairie to King
	1450
	N/A
	N/A
	N/A
	N/A
	N/A
	108
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	109
	N/A

	
	Ckt.74 Jewett N to New SS & CKT&1 Roans Prairie to King
	
	N/A
	N/A
	N/A
	N/A
	116
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	117
	N/A
	N/A

	
	Ckt.74 Gibbons Crk to Tomball  &  Ckt.&1 Roans Prairie to King
	
	N/A
	109
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	NCC
	N/A
	N/A
	N/A
	N/A
	N/A

	
	Ckt.74 Gibbons Cr to Tomball  &  Ckt.75 Roans Prairie to New SS
	
	N/A
	N/A
	N/A
	108
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	109
	N/A
	N/A
	N/A

	
	Ckt.74 Jewett N to Tomball  &  Ckt.&1 Roans Prairie to King
	
	116
	N/A
	N/A
	N/A
	N/A
	N/A
	116
	118
	N/A
	N/A
	N/A
	N/A
	N/A
	118

	
	Ckt.74 Jewett N to Tomball  &  Ckt.75 Roans Prairie to New SS
	
	N/A
	N/A
	115
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	117
	N/A
	N/A
	N/A
	N/A

	Auto 1 @ New SS
	Ckt.74 Gibbons Crk to Tomball  &  Ckt.&1 New SS to King
	800
	N/A
	N/A
	N/A
	143
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	144
	N/A
	N/A
	N/A

	
	Ckt.74 Jewett N to Tomball  &  Ckt.&1 New SS to King
	
	N/A
	N/A
	135
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	136
	N/A
	N/A
	N/A
	N/A

	
	Ckt.74 New SS to Tomball &  Ckt.&1 Roans Prairie to King
	
	N/A
	N/A
	N/A
	N/A
	106
	115
	N/A
	N/A
	N/A
	N/A
	N/A
	106
	116
	N/A

	Auto 2 @ North Belt
	Auto 3 @ North Belt &
Auto 1 @ North Belt
	672
	101
	102
	<100
	<100
	<100
	<100
	<100
	102
	103
	<100
	<100
	<100
	101
	100

	Auto 2 @ Tomball
	Ckt.&1 Tomball to Hockley  &
Auto 1 @ Tomball
	800
	101
	104
	<100
	<100
	<100
	<100
	<100
	103
	105
	<100
	<100
	<100
	<100
	<100

	Auto 2 @ Bellaire
	Auto 1 @ Bellaire  &
Auto 4 @ Bellaire
	800
	<100
	<100
	<100
	<100
	<100
	<100
	<100
	101
	100
	<100
	<100
	<100
	<100
	101


Table 9. Low voltage during common mode (category C) contingencies.
	Bus Information
	Double Contingency
	2008 Summer on-peak base cases          
	2009 Summer on-peak base cases          

	Bus Name
	kV
	
	Study case
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6
	Study case
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6

	 Obrien (44500)     
	345
	Ckt.74 Jewett N to Tomball  &  Ckt.&1 Roans Prairie to King
	0.921
	N/A
	N/A
	N/A
	N/A
	N/A
	0.922
	0.904
	N/A
	N/A
	N/A
	N/A
	N/A
	0.904

	
	
	Ckt.74 Jewett N to Tomball  &  Ckt.75 Roans Prairie to New SS
	N/A
	N/A
	0.925
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.911
	N/A
	N/A
	N/A
	N/A

	
	
	Ckt.74 Gibbons Crk to Tomball  &  Ckt.&1 Roans Prairie to King
	N/A
	0.908
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	NCC
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	Ckt.74 New SS to Gibbons Crk  &  Ckt.&1 Roans Prairie to King
	N/A
	N/A
	N/A
	N/A
	N/A
	0.914
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.898
	N/A

	
	
	Ckt.74 Jewett N to New SS & CKT&1 Roans Prairie - King
	N/A
	N/A
	N/A
	N/A
	0.922
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.906
	N/A
	N/A

	
	
	Ckt.74 Gibbons Cr to Tomball  &  Ckt.75 Roans Prairie to New SS
	N/A
	N/A
	N/A
	0.914
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.898
	N/A
	N/A
	N/A

	TH Wharton (45500)
	345
	Ckt.74 Jewett N to New SS & CKT&1 Roans Prairie - King
	N/A
	N/A
	N/A
	N/A
	0.926
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.909
	N/A
	N/A

	
	
	Ckt.74 Jewett N to Tomball  &  Ckt.&1 Roans Prairie to King
	0.925
	N/A
	N/A
	N/A
	N/A
	N/A
	0.926
	0.907
	N/A
	N/A
	N/A
	N/A
	N/A
	0.907

	
	
	Ckt.74 Gibbons Crk to Tomball  &  Ckt.&1 Roans Prairie to King
	N/A
	0.910
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	NCC
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	Ckt.74 Gibbons Cr to Tomball  &  Ckt.75 Roans Prairie to New SS
	N/A
	N/A
	N/A
	0.917
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.900
	N/A
	N/A
	N/A

	
	
	Ckt.74 Gibbons Crk. to Tomball &  Ckt.99 Gibbons Crk. to Obrien
	N/A
	>0.93
	N/A
	>0.93
	N/A
	N/A
	N/A
	N/A
	0.919
	N/A
	>0.93
	N/A
	N/A
	N/A

	
	
	Ckt.74 Jewett N to Tomball  &  Ckt.75 Roans Prairie to New SS
	N/A
	N/A
	>0.93
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.915
	N/A
	N/A
	N/A
	N/A

	
	
	Ckt.74 New SS to Gibbons Crk  &  Ckt.&1 Roans Prairie to King
	N/A
	N/A
	N/A
	N/A
	N/A
	0.916
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.899
	N/A

	Kuykendahl (45971)     
	345
	Ckt.74 New SS to Gibbons Crk  &  Ckt.&1 Roans Prairie to King
	N/A
	N/A
	N/A
	N/A
	N/A
	0.925
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.906
	N/A

	
	
	Ckt.74 Jewett N to New SS & Ckt.98 Jewett S to TH Wharton 
	N/A
	N/A
	N/A
	N/A
	>0.93
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.920
	N/A
	N/A

	
	
	Ckt.74 Gibbons Crk. to Tomball &  Ckt.99 Gibbons Crk. to Obrien
	N/A
	0.925
	N/A
	>0.93
	N/A
	N/A
	N/A
	N/A
	0.910
	N/A
	>0.93
	N/A
	N/A
	N/A

	
	
	Ckt.98 Jewett S to TH Wharton & Ckt.99 Gibbons Crk. to Obrien
	0.916
	0.928
	>0.93
	>0.93
	0.920
	>0.93
	0.917
	0.907
	0.922
	>0.93
	>0.93
	0.912
	0.929
	0.908

	Table 9. Low voltage during common mode (category C) contingencies (continuation).

	Bus Information
	Double Contingency
	2008 Summer on-peak base cases          
	2009 Summer on-peak base cases          

	Bus Name
	kV
	
	Study case
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6
	Study case
	Opt.1
	Opt.2
	Opt.3
	Opt.4
	Opt.5
	Opt.6

	Kuykendahl (45972)      
	345
	Ckt.74 Gibbons Crk. to New SS & Ckt.99 Gibbons Crk. to Obrien
	N/A
	N/A
	N/A
	N/A
	N/A
	0.918
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.907
	N/A

	
	
	Ckt.74 Gibbons Crk. to Tomball &  Ckt.99 Gibbons Crk. to Obrien
	N/A
	0.920
	N/A
	>0.93
	N/A
	N/A
	N/A
	N/A
	0.906
	N/A
	0.922
	N/A
	N/A
	N/A

	Addicks (45600)      
	345
	Ckt.74 Jewett N to Tomball  &  Ckt.&1 Roans Prairie to King
	0.917
	N/A
	N/A
	N/A
	N/A
	N/A
	0.918
	0.900
	N/A
	N/A
	N/A
	N/A
	N/A
	0.900

	
	
	Ckt.74 Jewett N to Tomball  &  Ckt.75 Roans Prairie to New SS
	N/A
	N/A
	0.922
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.908
	N/A
	N/A
	N/A
	N/A

	
	
	Ckt.74 New SS to Gibbons Crk  &  Ckt.&1 Roans Prairie to King
	N/A
	N/A
	N/A
	N/A
	N/A
	0.910
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.893
	N/A

	
	
	Ckt.74 Gibbons Cr to Tomball  &  Ckt.75 Roans Prairie to New SS
	N/A
	N/A
	N/A
	0.911
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.894
	N/A
	N/A
	N/A

	
	
	Ckt.74 Gibbons Crk to Tomball  &  Ckt.&1 Roans Prairie to King
	N/A
	0.905
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	NCC
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	Ckt.74 Gibbons Crk. to Tomball &  Ckt.99 Gibbons Crk. to Obrien
	N/A
	>0.93
	N/A
	>0.93
	N/A
	N/A
	N/A
	N/A
	0.918
	N/A
	>0.93
	N/A
	N/A
	N/A

	
	
	Ckt.74 Jewett N to New SS & CKT&1 Roans Prairie to King
	N/A
	N/A
	N/A
	N/A
	0.918
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0.902
	N/A
	N/A

	New SS (46245)     
	345
	Ckt.&1 King  to Tomball & Ckt.&1 King to Roans Prairie
	N/A
	N/A
	N/A
	N/A
	0.874
	0.881
	N/A
	N/A
	N/A
	N/A
	N/A
	0.868
	0.876
	N/A

	
	
	Ckt.75 New SS to Roans Prairie & Ckt.&1 New SS to King
	N/A
	N/A
	0.912
	0.906
	N/A
	N/A
	N/A
	N/A
	N/A
	0.905
	0.900
	N/A
	N/A
	N/A

	Tomball (46500)     
	345
	Ckt.&1 King  to Tomball & Ckt.&1 King to Roans Prairie
	N/A
	N/A
	N/A
	N/A
	0.875
	0.881
	N/A
	N/A
	N/A
	N/A
	N/A
	0.868
	0.876
	N/A

	
	
	Ckt.74 Jewett N to Tomball  & Ckt.&1 King  to Tomball
	0.869
	N/A
	0.917
	N/A
	N/A
	N/A
	0.869
	0.861
	N/A
	0.912
	N/A
	N/A
	N/A
	0.861

	
	
	Ckt.74 Gibbons Crk. to Tomball  & Ckt.&1 King  to Tomball
	N/A
	0.870
	N/A
	0.914
	N/A
	N/A
	N/A
	N/A
	0.861
	N/A
	0.910
	N/A
	N/A
	N/A

	Klein (45940) 
	138
	Ckt.21 Camron to TH Wharton &  Ckt.&1 Addicks to Kluge
	0.928
	>0.93
	>0.93
	>0.93
	>0.93
	>0.93
	>0.93
	0.903
	0.909
	>0.93
	>0.93
	0.923
	0.930
	0.909

	Kluge ( 45952)      
	
	
	0.903
	0.909
	>0.93
	>0.93
	0.922
	0.929
	0.908
	0.875
	0.882
	0.927
	0.924
	0.897
	0.905
	0.881

	
	
	Ckt.&1 Kluge to Camron &
Ckt.&1 Kluge to Klein
	0.895
	0.900
	0.926
	0.924
	0.912
	0.919
	0.899
	0.879
	0.884
	0.919
	0.918
	0.900
	0.907
	0.883

	Cyfaire (45712)   
	
	
	0.901
	0.904
	0.925
	0.924
	0.914
	0.920
	0.904
	0.885
	0.889
	0.919
	0.918
	0.903
	0.909
	0.888

	Gertie (45802)
	
	
	0.909
	0.913
	>0.93
	>0.93
	0.922
	0.927
	0.912
	0.894
	0.898
	0.926
	0.925
	0.912
	0.917
	0.898
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