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ERCOT Independent Review
Houston Area Constraint Mitigation: Phase II

July 16, 2007

ERCOT Regional Planning

ERCOT Independent Review

Houston Area Constraint Mitigation: Phase II

Project Submitted
In January 2007, CenterPoint Energy (CNP) submitted the second phase of the Houston Area Constraint Mitigation Project (HACM) for ERCOT review. HACM Phase II was designed to increase import capability for North to Houston transfers. Phase II also included a project to address congestion on the Tomball 345kv autotransformer for increased North to Houston power transfers. The anticipated in-service date for HACM Phase II is May 1, 2009.
CNP proposed five 345kv transmission options to increase import capability for North to Houston power transfers. All transmission options involved reconfigurations of 345kv circuits at the “Singleton Corner”. This corner is located at the intersection of the existing 2-345kv double circuit tie lines from the North Congestion Management Zone to the Houston Congestion Management Zone. The first four options involved rearrangements of these circuits at a relatively low capital cost. The final and CNP preferred Option 5 involved the construction of a new 345kv substation at the intersection point. CNP also submitted four 345kv projects to address congestion on the Tomball 345kv autotransformer for increased imports into the Houston area from the North area.
After initial studies, CNP decided to go forward with their analysis with only two options, Option 4 and Option 5 shown below:
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The following options were proposed by CNP to reduce congestion on the Tomball 345kv autotransformer.
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Project Analysis
Base Cases

The economic analysis was performed for years 2009 through 2011 and taken from the most recent ERCOT Five Year Plan Study.  The case originated from the 2006 data set B case last updated in August 2006 and was modified to exclude major transmission projects that had yet to be approved by the Regional Planning Group and include reliability projects necessary to eliminate unserved energy and projects that proved to be economic during work on the 2006 Five Year Plan.  Information on these cases is available on http://oldercot.ercot.com/tmaps/login.cfm  under the link 2007 5-year Study.  The results of this study are in the 2006 Electric Reliability Council of Texas’ Report on Existing and Potential Electric System Constraints and Needs document.
The following upgrades recommended in the 5-year study were removed from the base case because they were found to not reduce production cost savings once the Singleton Substation and/or new coal unit(s) came on-line: 

1. The second autotransformer at Fayette

2. The upgrades of the Fayetteville-Willow Springs-New Bremen-Bellville South 138 kV lines to 255 MVA.

In addition, Sandow Unit #1 through #3 were retired and the new Sandow 5 (581 MW) unit was modeled in all base case generation scenarios. 

Alternative Description

 No additional alternatives, beyond those provided by CenterPoint, were considered. This was primarily due to the unique nature of the submitted projects that required no transmission right of way. Additional transmission alternatives proposed by ERCOT or others would probably require transmission right of way and not meet the preferred in service date of May 1, 2009.  

Economic Analysis

The economic analysis performed included proposed generation at Sandow (581 MW), Sandy Creek 1 (925 MW) and Oak Grove 1 & 2 (2-855 MW).  There were four generation scenarios involving existing generation and three new plants for years 2010 through 2011 which were initially evaluated; however, all four of these generators now have signed interconnection agreements and air permits.  Therefore, only the scenario with all four permitted units will be discussed herein.  The Sandow generation was modeled beginning  before peak 2009. The Sandy Creek and Oak Grove generation was modeled beginning in 2010.
Shown below in Figure 1 is the location of the proposed Singleton Project, new generation locations and the proposed East Bell County Project which will be discussed later. 


[image: image6]Figure 1
In citing the CNP study results, Singleton Options 1 thorough 3 were not economically evaluated due to lack of increased import capability for North to Houston power transfers. In addition, increased congestion on the Tomball 345kv autotransformer was observed above those in Options 4 or 5 in preliminary economic results in the initial phase of the analysis. Therefore, the economic analysis was performed for Option 4 and Option 5 only.

Shown below in Figure 2 are the production cost savings for years 2009 through 2011.  SO4 refers to the Singleton Option 4 and SO5 refers to Singleton Option 5.  The colors on the bars refer to the addition of Sandow 5 (S) in 2009 and Sandy Creek (SC) and Oak Grove (OG) in 2010 and 2011. 
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                                              Figure 2
As shown on Figure 2, the production cost savings favor Option 5 over Option 4. Although the capital cost of Option 5 ($23.70 M) is much higher than the capital cost of Option 4 ($ 1.42 M), the required minimum production cost savings of $3.95 M for Option 5 (to cover the estimated annual revenue requirement for the project) is met in all three years.
Shown below in Figure 3 is a spreadsheet which details how the marginal congestion cost shifts across various transmission lines for year 2011 with all new generation on-line.
	CKT.
	BASE CASE
	SO4
	SO5

	NEW SINGLETON - THW 345KV CKT.
	n/a
	n/a
	63,492,034

	TOMBAL 345KV AUTO
	0
	10,205,520
	11,554,472

	GIBBONS CREEK - OBRIEN 345KV
	68,442,530
	n/a
	n/a

	GIBBONS CREEK - TOMBAL 345KV
	0
	82,263,033
	n/a

	BELAIRE - BRAYS 138KV CKT.
	1,610,076
	763,127
	923,176

	NEW GIB CRK. - SINGLETON 345KV CKT.1
	n/a
	n/a
	3,662,736

	DRILCO - N. BELT 138KV CKT.
	2,158,541
	1,419,706
	1,780,594

	GIB CRK. – ROANS PRAIRE 345KV CKT.
	1,586,941
	0
	n/a

	NEW GIB CRK. - SINGLETON 345KV CKT.2
	n/a
	n/a
	3,662,736

	FAYETTE 345KV AUTO 
	3,502,027
	2,266,078
	1,893,494

	NEW GILLELAND 345KV  AUTO
	4,641,792
	6,537,234
	4,035,090

	AUSTROP 345KV AUTO
	3,396,072
	8,137,080
	4,548,000

	WILLOW SPRINGS - FAYETTE 138KV LINE
	1,642,292
	896,146
	1,041,465

	SEGUIN - SEGUIN WEST 138KV CKT.
	700,041
	689,159
	584,743

	ZORN - SEGUIN 138KV CKT.
	121,499
	97,517
	47,988

	AUSTIN - TUTTLE 138KV CKT.
	823,867
	887,233
	651,870

	PAIGE - GIDEON 138KV CKT.
	290,018
	273,705
	387,558

	 
	TOTAL =
	114,435,538
	98,265,956


                        Figure 3: Marginal Congestion Costs ($’s)
From Figure 3, it can be seen that the most limiting congested element for Option 4 is the Gibbons Creek to Tomball 345kv circuit and the most limiting congested element for Option 5 is the Singleton – THW 345kv circuit. Congestion also appears on the Tomball 345kv autotransformer for both options but is not the most limiting element. Although the Tomball 345kv autotransformer indicates no congestion in the base case, in reality the congestion is being masked by the congestion on the Gibbons Creek to Obrien 345kv circuit.  When this congestion is relieved by adding Option 4 or 5, the Tomball 345kv autotransformer experiences higher flows and becomes congested.
A review of Figure 2 shows Option 4 with negative production cost savings and Option 5 economic with $5 million in production cost savings for year 2011 with all new generation on-line. This economic result is due to an additional North to Houston marginal congestion cost of approximately $18.7 million in Option 4. This amount of additional congestion is the cost difference for the most congested element in either option. In this case it is the measured difference in marginal congestion cost between the Gibbons Creek – Tomball 345kv circuit for Option 4 to the Singleton – THW 345kv circuit for Option 5. 
There are two contingencies associated with the Gibbons Creek to Tomball 345kv circuit congestion in Option 4. The first is the single outage of the Roans Praire to Kuykendahl 345kv circuit and the second is the double circuit outage of the Jewett S to THW 345kv line and the Jewett N to Obrien 345kv circuit. The most congested element for Option 5 is the Singleton to THW 345kv circuit at $63.5 million. The double contingency associated with this congestion is the outage of the Singleton to Tomball 345kv circuit and the Roans Praire to Kuykendahl 345kv circuit.
Shown in Figure 4 below is the marginal congestion cost for the Tomball 345kv autotransformer for years 2010 through 2011 across all new generation scenarios.
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                                                   Figure 4
The graph indicates that as new generation increases, congestion on the autotransformer increases for both options. Congestion is the highest on Option 5, however as Figure 2 indicates, other congested elements make Option 4 uneconomic.
In November 2006, ONCOR submitted a project for ERCOT review. This project involved the proposed construction of a 40 mile East Bell County to TNP One 345kv double circuit line to a new East Bell County 345kv Switching Station. The new substation would be constructed approximately 5 miles southeast of the Temple Switching Station in the Temple Switching Station to Sandow 345kv double circuit line. 
From a separate ERCOT Regional Planning Review, the East Bell County Project was found to be economic and has been endorsed by the ERCOT Board.
Shown below in Figure 5 is a transmission diagram which details this project.
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                                             Figure 5
Given the proximity of this project to the Singleton Project and new generation sources, the economic benefits of Singleton Option 4 and 5 was evaluated with this proposed project.  
Shown below in Figure 6 is a recreation of Figure 3 which details how the marginal congestion is affected by the East Bell County Project across various transmission lines for year 2011 with all new generation on-line.
	CKT.
	BASE CASE
	SO4
	SO5
	TNPBC_SO4
	TNPBC_SO5

	NEW SINGLETON - THW 345KV CKT.
	n/a
	n/a
	63,492,034
	n/a
	36,010,249

	TOMBAL 345KV AUTO
	0
	10,205,520
	11,554,472
	3,748,904
	6,634,928

	GIBBONS CREEK - OBRIEN 345KV
	68,442,530
	n/a
	n/a
	n/a
	n/a

	GIBBONS CREEK - TOMBAL 345KV
	0
	82,263,033
	n/a
	55,494,453
	n/a

	BELAIRE - BRAYS 138KV CKT.
	1,610,076
	763,127
	923,176
	1,232,112
	1,776,683

	NEW GIB CRK. - SINGLETON 345KV CKT.1
	n/a
	n/a
	3,662,736
	n/a
	539,949

	DRILCO - N. BELT 138KV CKT.
	2,158,541
	1,419,706
	1,780,594
	1,465,736
	1,347,933

	GIB CRK. - ROANS PRAIRE 345KV CKT.
	1,586,941
	0
	n/a
	0
	n/a

	NEW GIB CRK. - SINGLETON 345KV CKT.2
	n/a
	n/a
	3,662,736
	n/a
	539,949

	FAYETTE 345KV AUTO 
	3,502,027
	2,266,078
	1,893,494
	15,662,445
	16,538,209

	NEW GILLELAND 345KV  AUTO
	4,641,792
	6,537,234
	4,035,090
	15,359,040
	16,037,880

	AUSTROP 345KV AUTO
	3,396,072
	8,137,080
	4,548,000
	9,800,928
	9,548,794

	WILLOW SPRINGS - FAYETTE 138KV LINE
	1,642,292
	896,146
	1,041,465
	5,608,428
	6,266,444

	SEGUIN - SEGUIN WEST 138KV CKT.
	700,041
	689,159
	584,743
	2,256,191
	2,426,782

	ZORN - SEGUIN 138KV CKT.
	121,499
	97,517
	47,988
	742,060
	651,630

	AUSTIN - TUTTLE 138KV CKT.
	823,867
	887,233
	651,870
	599,181
	256,208

	PAIGE - GIDEON 138KV CKT.
	290,018
	273,705
	387,558
	185,866
	582,796

	 
	TOTAL =
	114,435,538
	98,265,956
	112,155,344
	99,158,434


                           Figure 6: Marginal Congestion Costs ($’s)
 It can be inferred from Figure 6, the East Bell County Project increases North to South marginal congestion in the Central Texas area and decreases North to Houston marginal congestion. The most limiting elements for North to Houston flows remain the same for both Option 4 and Option 5 but at a reduced level. 
In terms of production cost savings, the reduced North to Houston marginal congestion results in higher production cost savings for both Singleton Option 4 and 5 and make both projects economical. Recall that Singleton Option 4 was not economic in the stand alone Singleton case. Singleton Option 5 continues to give higher production cost savings than Option 4 with an increase in savings from the stand alone Singleton Option 5 from $5.02 million to $26.63 million.

Shown below in Figure 7 is a recreation of Figure 4 which details how marginal congestion affects the Tomball 345kv autotransformer for year 2010 and 2011 across all new generation scenarios.  
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                                                                  Figure 7
As can be seen from Figure 7, the East Bell County Project reduces by half, the marginal congestion on the Tomball autotransformer. It can be deduced from Figure 7 that Singleton Option 4 offers less congestion on the Tomball 345kv autotransformer across all generation scenarios in the 2010 through 2011 timeframe. However, overall congestion from North to Houston remains less for Singleton Option 5 with or without the East Bell County Project.
Recall that the HACM Phase II Project was a two step study. CNP recommended their preferred Singleton Project option to allow increased North to Houston import capability. The second part of their study concentrated on reducing the most constraining element in North to Houston power transfers which was identified as the Tomball 345kv autotransformer. The projects submitted (4) were specifically designed to reduce this most constraining element. 
However, studies indicate for Singleton Option 5, the most constraining element is the Singleton – THW 345kv circuit. In addition, congestion on the Tomball 345kv autotransformer is further reduced by half with the addition of the East Bell County Project. Based upon these findings, CNP proposed that ERCOT review their proposal for  a new Zenith 345kv Substation to address the congestion on the Singleton – THW 345kv circuit. The new  Zenith 345kv Substation would be located West of the THW 345kv Substation and at the intersection point of the existing North to Houston tie lines Gibbons Creek – Obrien, Jewett – THW and the THW – Obrien 345kv circuits.
CNP provided the Zenith cost estimate which includes $11.4 million in substation costs and $4 million in transmission costs for a total cost of $15.4 million. 
The Zenith Substation was evaluated in 2011, based on CNP guidance related to budget and scheduling.  The analysis showed the new Zenith Substation was economic with the new Singleton Substation, East Bell County Project and all four new generation units on-line. The study resulted in an annual production cost savings of $ 4.53 million. This amount of production cost savings made the new Zenith Substation economic with a capital cost to production cost savings ratio of 0.57
Figure 8 below details how marginal congestion is affected by the new Zenith Substation across various transmission lines for year 2011 with all new generation on-line.
	CKT.
	BASE CASE
	TNPBC_SO5
	TNPBC_SO5_ZENITH

	NEW SINGLETON - THW 345KV CKT.
	n/a
	36,010,249
	n/a

	SINGLETON - ZENITH 345KV CKT. #1
	n/a
	n/a
	12,910,465

	SINGLETON - ZENITH 345KV CKT. #2
	n/a
	n/a
	12,910,465

	TOMBAL 345KV AUTO
	0
	6,634,928
	2,761,200

	GIBBONS CREEK - TOMBAL 345KV
	0
	n/a
	n/a

	BELAIRE - BRAYS 138KV CKT.
	1,610,076
	1,776,683
	1,737,530

	NEW GIB CRK. - SINGLETON 345KV CKT.1
	n/a
	539,949
	592,980

	DRILCO - N. BELT 138KV CKT.
	2,158,541
	1,347,933
	2,797,426

	GIB CRK. - ROANS PRAIRE 345KV CKT.
	1,586,941
	n/a
	n/a

	NEW GIB CRK. - SINGLETON 345KV CKT.2
	n/a
	539,949
	592,980

	FAYETTE 345KV AUTO 
	3,502,027
	16,538,209
	19,103,232

	NEW GILLELAND 345KV  AUTO
	4,641,792
	16,037,880
	16,085,628

	AUSTROP 345KV AUTO
	3,396,072
	9,548,794
	9,189,110

	WILLOW SPRINGS - FAYETTE 138KV LINE
	1,642,292
	6,266,444
	7,052,496

	SEGUIN - SEGUIN WEST 138KV CKT.
	700,041
	2,426,782
	2,383,600

	ZORN - SEGUIN 138KV CKT.
	121,499
	651,630
	762,945

	AUSTIN - TUTTLE 138KV CKT.
	823,867
	256,208
	120,905

	PAIGE - GIDEON 138KV CKT.
	290,018
	582,796
	751,976

	 
	TOTAL =
	99,158,434
	89,752,938


                   Figure 8: Marginal Congestion Costs ($’s)
Based upon the first ten rows of Figure 8, it can be seen that the prime reason the new Zenith Substation is economic is the reduction in North – Houston marginal congestion cost of approximately $13 million. The most congested element in the Houston area then becomes one of the Singleton – Zenith 345kv circuits. The contingency associated with this congestion continues to be the same contingency associated with congestion on Singleton – THW circuit which has been identified as the outage of the Singleton to Tomball 345kv circuit and the Roans Praire to Kuykendahl 345kv circuit.  
 Further analysis has shown that as additional improvements in North to Houston congestion are made, congestion will shift to other Houston area locations with the highest congestion resulting from the double contingency identified above. In addition, congestion in Central Texas will continue to increase. The Singleton and Zenith Substations represent the last “quick fix” solutions for reducing North to Houston congestion. The true long term remedy will be a new tie line/s into the Houston area.
 The new Zenith Substation could provide access for an eventual 345kv tie from the West, possible from Fayette or Salem 345kv Substations.  
Summary
 Based upon ERCOT’s analysis, the Singleton Option 5 configuration is the preferred and recommended option for this project.  The construction of this option is anticipated to be complete by May 1, 2009.

The Zenith Substation sub-option is also recommended.   This sub-option was anticipated to be complete by peak 2011; however; CNP has expressed an interest in possibly completing this project when the Singleton Substation is built in 2009; ERCOT supports the acceleration of the Zenith sub construction if feasible. 
Designated Providers of Transmission Facilities

In accordance with ERCOT’s Power System Planning Charter and Processes, ERCOT staff is to designate transmission providers for projects reviewed in the regional planning groups.  These providers can agree to provide or delegate the new facilities or inform ERCOT they do not elect to provide them. For the project scope recommended in this report, CenterPoint Energy is the designated provider for this project.
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