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Cedar Bayou - King – North Belt – T. H. Wharton

East – West Houston 345 kV Transmission Corridor

BACKGROUND

The Cedar Bayou – King – North Belt – T. H. Wharton 345 KV corridor forms a major path for east – west bulk energy transfer for generation located on the north and east sides of Houston. Due to the concentration of load on Houston’s west side, this path constitutes the primary delivery path to most of the load in Houston and, due to the location of Reliant Energy HL&P at the eastern edge of the ERCOT system, it constitutes the primary delivery path to most of the load in ERCOT. The existing Reliant Energy Cedar Bayou and Greens Bayou plants, together with the Tenaska Frontier power plant and Calpine’s Pasadena 2 power plant currently under construction, contribute to the loading on this path.

This year, three merchant plant developers have authorized Reliant Energy HL&P (HL&P) to proceed with engineering design or certification associated with interconnecting their respective plants; Reliant Energy Channelview L.P.’s (RECLP) Channelview Power Plant located at the Channelview Chemical Complex, American National Power’s (ANP) Harris Power Plant located next to our King substation, and Calpine’s Baytown Power Plant located near the Bayer Chemical Complex.  All three developers have agreed to reimburse HL&P for its costs associated with HL&P’s engineering and certification activities if the plants are cancelled.  All three plants are expected to commence commercial operation before the 2002 summer peak. In addition to creating multiple loading and short circuit concerns on other portions of Reliant Energy HL&P’s transmission system, all three of the plants included in this analysis (RECLP Channelview, ANP Harris and Calpine Baytown) will contribute additional loading along the Cedar Bayou – King – North Belt – T. H. Wharton corridor.  This analysis is limited to the Cedar Bayou – King – North Belt – T. H. Wharton bulk energy corridor. It does not address the other system improvements that will be required for reliable interconnection of these new merchant plants.

PROPOSAL

Based on the analysis that follows, Reliant Energy HL&P  proposes that the King – North Belt constraint be mitigated by rebuilding the King – North Belt 345 kV tower line and adding an autotransformer at North Belt (Proposed Project No. 1), and that the North Belt – T.H. Wharton constraint be mitigated by installing conductor in the vacant position of the North Belt – T.H. Wharton 345 kV tower line (Proposed Project No. 2). Reliant Energy HL&P also proposes that the Cedar Bayou to King 345 kV tower line be thermally up-rated for continuous operation at 90 degrees C conductor temperature and that a new 345 kV switching station be built at the OASIS site (Proposed project No. 3).

STUDY ASSUMPTIONS

The base case employed for the studies was the ERCOT 2003 Summer Peak base case established March 8,1999. Some modifications were made in-house to model transmission topology changes that have come up since the case was created; adding a third autotransformer at Cedar Bayou, updating the existing Exxon generator models, and modifying the original Pasgen configuration to create a Pasgen to Crown to Galena Park circuit instead of a second Pasgen to Garden Villas circuit.  For this study, Pasgen units were turned on to a generation level of 526 MW.  Tenaska output was 830 MW in the ERCOT case and remained at that level during this study.  Cedar Bayou unit 3 was increased to its maximum level of 750 MW to maximize flow on the Cedar Bayou to North Belt corridor.  This case was modified to add each of the three new merchant plants as recommended in their respective interconnection studies. Specifically, RECLP Channelview is modeled with 610 MW of generation at a new HL&P 345 kV station named Sheldn that is connected to the existing Greens Bayou 345 kV station by 7.5 miles of new 345 kV double circuit. An additional 164 MW of RECLP Channelview generation is modeled at the existing LYCHEM 138 kV station. ANP is modeled with 1100 MW of generation tied directly to the existing King 345 kV station. The Calpine Baytown project is modeled with 480 MW of net generation at the new HL&P 345 kV bus named Chambr, looped on the existing Cedar Bayou – King circuit 97.


Three study base cases were then created to model different market scenarios. In the first case the additional generation from the three new merchant plants is modeled as delivered to the HLPT control area displacing existing Reliant Energy generation. The second case models the power delivered from the three new merchant plants 50% to HLPT and 50% to remaining ERCOT control areas displacing unspecified generation. The third case models all output of the new merchants exported to all ERCOT control areas outside of HLPT to displace unspecified generation.


All circuit loadings in these studies are based on the rate A, normal line ratings, as defined in the ERCOT Engineering Subcommittee Steady State Task Force procedure manual. Any situations where the line rating is limited by equipment other than the conductor are identified in the study results. Approximately 90% of Reliant Energy HL&P transmission circuits are designed for proper NESC clearances at a conductor temperature of 75 degrees C. The remaining circuits are designed or certified for proper NESC clearances at a conductor temperature of 90 degrees C. The appropriate ratings are specified in the ERCOT base cases.

STUDY RESULTS
The studies and summaries that follow focus on the impact of these projects on a specific portion of the 345 kV bulk power transmission system. Relevant single contingency (N-1) results are summarized in the following table:

TABLE 1.

Base Case Results


King – North Belt ckt 97 
North Belt  Auto #1
Chambr – King ckt 97
Cedar – North Belt ckt 99
North Belt – THW ckt 97


906 MVA
600 MVA
906 MVA
878 MVA
906 MVA

Scenario 1:

 New Plants 100% to HLP Load
Base
119.6%
75%
46%
51%
88%


Single Cntgncy
156.1%1
109.7%2
78%1
104.1%5
112.8%3

Scenario 2:

New Plants 50/50 Split to HLP/ ERCOT
Base
120.3%
74%
62%
76%
101.0%


Single Cntgncy
163.6%1
108.1%2
100.7%1
116.9%5
135.6%3

Scenario 3:

New Plants 100% to ERCOT 
Base
112.5%
69%
60%
72%
97.1%


Single Cntgncy
157.9%3
101.3%2
96.5%1
110.4%5
137.8%3

1 Outage of ckt 99 Cedar to North Belt

2 Outage of North Belt autotransformer #2
3 Outage of ckt 75 Tenaska to Gibbons Creek

4 Outage of ckt 99 Cedar to Chambr

5 Outage of ckt 97 King to North Belt

6 Outage of ckt 97 Cedar to Chambr

7 Outage of ckt 99 Chambr to North Belt

8 Outage of ckt 97 King - Chambr

PROPOSED PROJECT NO. 1 - King to North Belt 

The existing 345 kV tower design in the King to North Belt corridor is at its structural design limit given the weight and wind profile of the existing conductors. The existing tower line is in a confined right of way and immediately adjacent to the North Beltway 8 freeway for a substantial portion of this route. Additionally, the existing right of way is not wide enough to accommodate another 345 kV tower line. As a result, installation of larger conductors will require upgrading, adding or replacing tower structures in this confined working area.

Reliant Energy HL&P proposes to rebuild the 10.15 miles of existing 345 kV double circuit tower line in the King – North Belt corridor. The line presently contains sections of bundled 795 ACSR and sections of bundled 927 ACAR. The conductor will be replaced with bundled 2167 ACSR conductor and tower structures will be upgraded, added or replaced, as required to accommodate the new conductor. The line terminating positions at King and North Belt would be upgraded to accommodate continuous operation  of King to North Belt circuit 97 at the new conductor rating of 1960 MVA. The rebuild of King to North Belt increases the loading on existing transformers at North Belt. This loading is alleviated by addition of a third 600 MVA 345 kV/138kV autotransformer and associated terminating equipment at North Belt.

Construction work in this confined right of way may require temporary relocation of an existing 138 kV circuit and construction of temporary 345kV circuit sections to bypass portions of the existing heavily loaded 345 kV line during construction.  The estimated total cost of this project is $45 million. This cost could vary primarily due to two factors: (1) detailed engineering design has not been performed, and (2) It is unclear to what extent construction delays due to difficulty in scheduling outages and/or the need to construct temporary bypasses will impact the project cost. 

PROPOSED PROJECT NO. 2 - North Belt to T.H. Wharton 

The North Belt to T. H. Wharton section of circuit 97 consists of approximately 10 miles of bundled 795 ACSR conductors on double circuit 345 kV towers with a vacant position on the other side of the towers. Reliant Energy HL&P proposes that bundled 795 ACSR conductors be added to the vacant circuit position and jumpered to the existing conductors of circuit 97. The line terminating positions at T. H. Wharton and North Belt would be upgraded to accommodate continuous operation of the new parallel bundled North Belt to T. H. Wharton circuit 97 at it’s conductor rating of 1812 MVA. The estimated cost for this proposed project is $5 million. 

PROPOSED PROJECT NO. 3 – Cedar Bayou to King

The Calpine Baytown project is modeled in these studies at a bus named Chambr that is looped on the Cedar Bayou to King circuit 97. This bus is adjacent to the right of way approximately 2 miles from the Cedar Bayou station. The 345 kV circuits 97 and 99 between Cedar Bayou to King consist of approximately 29 miles of bundled 795 ACSR conductors on double circuit 345 kV towers with a short span of bundled 795 AAC on circuit 99 as it approaches Cedar Bayou. Reliant Energy HL&P proposes that the 795 AAC be replaced with 795 ACSR and the entire tower line be thermally up-rated to provide sufficient clearance to accommodate continuous operation at conductor temperatures up to 90 degrees C. This will require extensions in height to selected towers and possibly replacement of some structures.

When the proposed project No. 1 is implemented, the power flow along the Cedar Bayou to King corridor is increased. As a result, the worst single contingency loading of Cedar Bayou to North Belt circuit 99 is increased to over 120% vs. the 117% observed for the same outage in the base case. The addition of a new 345 kV switching station at the OASIS corner effectively shortens the southern 345 kV path from P. H. Robinson to W. A. Parish stations from approximately 112 miles to approximately 40 miles. This allows more of the power generated on the east side of Houston to flow along the southern 345 kV path extending from east to west, thereby reducing the loading of the Cedar Bayou to King corridor. This shift in power flow reduces the single contingency loading of Cedar Bayou to North Belt circuit 99 to a level that can be accommodated by thermally up-rating the circuit.

The total cost of this project is estimated to be $16 million.

The proposed transmission projects were modeled in the cases representing the three market scenarios. The relevant single contingencies (N-1) are summarized in the following table. 

TABLE 2.

Performance with Proposed System Improvements


King – North Belt ckt 97 
North Belt  Auto #1
Chambr – King ckt 97
Cedar – North Belt ckt 99
North Belt – THW ckt 97


1960 MVA
600 MVA
1088 MVA
1088 MVA
1812 MVA

Scenario 1:

 New Plants 100% to HLP Load
Base
59%
56%
35%
50%
43%


Single Cntgncy
74%1
72%2
59%1
82%5
55%3

Scenario 2:

New Plants 50/50 Split to HLP/ ERCOT
Base
59%
54%
48%
59%
49%


Single Cntgncy
77%1
70%2
76%1
91%5
66%3

Scenario 3:

New Plants 100% to ERCOT 
Base
55%
51%
47%
57%
47%


Single Cntgncy
77%3
66%2
74%1
86%5
68%3

1 Outage of ckt 99 Cedar to North Belt

2 Outage of North Belt autotransformer #2
3 Outage of ckt 75 Tenaska to Gibbons Creek

4 Outage of ckt 99 Cedar to Chambr

5 Outage of ckt 97 King to North Belt

6 Outage of ckt 97 Cedar to Chambr

7 Outage of ckt 99 Chambr to North Belt

8 Outage of ckt 97 King - Chambr



Rejected Alternatives

Reliant Energy HL&P has considered and studied a variety of other alternatives in the course of performing interconnection studies for merchant plants. This is not intended to be a complete listing but rather to demonstrate that a large class of alternatives has been examined.

Rejected Alternative A:

Construct a new 345 kV circuit, approximately 29 miles in length, from Cedar Bayou to King using existing right-of-way: Estimated cost of the transmission line of this rejected alternative is $53 million. This rejected alternative is higher cost and is avoided by the recommended project no. 3.

Rejected Alternative B:

Thermally up-rate the existing King to North Belt 345 kV circuit 97 for continuous operation at 90 degrees C conductor temperature: This provides an increase in capacity of approximately 20% over 75 degrees C operation. This rejected alternative does not adequately alleviate single contingency overloading in the scenarios under study.

Rejected Alternative C:

Thermally up-rate the existing North Belt to T.H. Wharton 345 kV circuit 97 for continuous operation at 90 degrees C conductor temperature: This provides an increase in capacity of approximately 20% over 75 degrees C operation. This rejected alternative does not adequately alleviate single contingency overloading in scenarios 2 and 3.

Rejected Alternative D:

Construct approximately 20 miles of new 345 kV circuit from Greens Bayou to White Oak using existing right-of-way: This project would provide an alternative to recommended projects 1 and 2. This rejected alternative was modeled in the 2003 case that includes RECLP Channelview,  ANP Harris and Calpine Baytown projects. The relevant single contingencies (N-1) are summarized in the following table. 
TABLE 3.

Performance with Alternative D


King – North Belt ckt 97 
North Belt  Auto #1
Chambr – King ckt 97
Cedar – North Belt ckt 99
North Belt – THW ckt 97


906 MVA
600 MVA
906 MVA
878 MVA
906 MVA

Scenario 1:

 New Plants 100% to HLP Load
Base
89%
55%
56%
63%
49%


Single Cntgncy
124.2%9
72%2
87%1
88%8
81%9

Scenario 2:

New Plants 50/50 Split to HLP/ ERCOT
Base
89%
53%
72%
75%
61%


Single Cntgncy
129.3%9
70%2
110.6%1
108.2%8
94%9

Scenario 3:

New Plants 100% to ERCOT 
Base
80%
50%
70%
71%
57%


Single Cntgncy
118.3%1
65%2
106.7%1
103.7%8
91%9

1 Outage of ckt 99 Cedar to North Belt

2 Outage of North Belt autotransformer #2
3 Outage of ckt 75 Tenaska to Gibbons Creek

4 Outage of ckt 99 Cedar to Chambr

5 Outage of ckt 97 King to North Belt

6 Outage of ckt 97 Cedar to Chambr

7 Outage of ckt 99 Chambr to North Belt

8 Outage of ckt 97 King - Chambr

9 Outage of the new Greens Bayou – White Oak circuit

Approximately one third to one half of this circuit would require steel pole construction with under-built 138 kV due to the constrained right-of-way, which is bordered by houses on both sides. The estimated cost of the transmission line of this alternative is $30 to $40 million. Additional substation costs were not estimated. This rejected alternative does not adequately alleviate single contingency circuit overloading in the scenarios under study, but remains a viable candidate for an additional east to west 345 kV path for the future. 

Rejected Alternative E:

Build approximately 60 miles of new double circuit 345 kV line conductered with bundled 795 ACSR from a new Tomball North 345 kV station to Salem. Loop the King – Tomball – Jewett and the King – Tenaska – Gibbons Creek 345 kV lines to the new Tomball North station. This project would provide an alternative to recommended projects 1 and 2. This rejected alternative was modeled in the 2003 case that includes RECLP Channelview,  ANP Harris and Calpine Baytown projects. The relevant single contingencies (N-1) are summarized in the following table. 
TABLE 4.

Performance with Alternative E.


King – North Belt ckt 97 
North Belt  Auto #1
Chambr – King ckt 97
Cedar – North Belt ckt 99
North Belt – THW ckt 97


906 MVA
600 MVA
906 MVA
878 MVA
906 MVA

Scenario 1:

 New Plants 100% to HLP Load
Base
114.5%
53%
49%
64%
78%


Single Cntgncy
151.0%1
69%2
81%1
101.6%5
88%9

Scenario 2:

New Plants 50/50 Split to HLP/ ERCOT
Base
112.4%
53%
67%
77%
88%


Single Cntgncy
155.8%1
69%2
106.0%1
113.4%5
102.9%3

Scenario 3:

New Plants 100% to ERCOT 
Base
100.1%
49%
67%
74%
81%


Single Cntgncy
142.0%1
64%2
103.7%1
106.1%5
98.6%3

1 Outage of ckt 99 Cedar to North Belt

2 Outage of North Belt autotransformer #2
3 Outage of ckt 75 Tenaska to Gibbons Creek

4 Outage of ckt 99 Cedar to Chambr

5 Outage of ckt 97 King to North Belt

6 Outage of ckt 97 Cedar to Chambr

7 Outage of ckt 99 Chambr to North Belt

8 Outage of ckt 97 King - Chambr

9 Outage of Greens Bayou autotransformer #2

 This rejected alternative would provide additional transfer capacity out of the local Houston area but does not adequately alleviate single contingency overloading in the scenarios under study. A cost for this alternative was not estimated.

Rejected Alternative F:

Rebuild existing 345 kV circuits with ACSS or ACSS TW high temperature conductor: Reliant Energy HL&P is presently developing designs to employ ACSS (high temperature) conductors on it’s transmission system. At this time there is no utility in the United States using this conductor at the 345 kV level as standard practice. There are concerns about excessive corona and radio interference when this conductor is applied at 345 kV that must be resolved before it can be prudently deployed for use at this voltage level. Reliant Energy HL&P will be participating in a test project in conjunction with EPRI to collect operating data from a test span of ACSS TW installed at 345 kV. 

This rejected alternative is not anticipated to be available in the time frame needed to alleviate overloads projected in these studies.
Examples of other Rejected Alternatives:

· Construct approximately 23 miles of  new 345 kV circuit from Greens Bayou to North Belt utilizing existing right of way from Greens Bayou to Hardy and new or existing right of way from Hardy to North Belt. 

· Split the King 345 kV bus to redirect east to west power flow.

· Construct a new 345 kV circuit from Tomball to T.H. Wharton along new or existing right-of-way.

All of the alternatives that have been studied have been found be either (1) ineffective in alleviating circuit overloads the bulk transmission constraints; (2) more costly than the proposed projects; or (3) undesirable from the standpoint of new right of way acquisition and landowner impact.

Performance of the Proposed Projects 

The proposed projects adequately address 345 kV system performance for base case and single contingency conditions as demonstrated in table 2. The proposed projects were also evaluated by modeling them in the base case with the three new merchant plants and performing double contingency outages on the 345 kV system. This analysis was performed for the same three market scenarios used to evaluate single contingency performance. These outages were then reviewed for evidence of possible cascading outages.

The results of this analysis indicate that there are several 138 kV circuits that experience loading above their short term rating (rate B) for outages of double circuit 345 kV tower lines.

TABLE 5.

Double Circuit Tower Line Outages

Circuit
Overload

(% of rate B) *
Outage
Scenario

Arcorf – Greens Bayou  70
123 %
Cedar Bayou – N. Belt  99

King – N. Belt  97
3

Liberty – White Oak  03
109 %
Cedar Bayou – N. Belt  99

King – N. Belt  97
3

East Side – University  91
108 %
Cedar Bayou – N. Belt  99

King – N. Belt  97
2

East Side – Polk  91
106 %
Cedar Bayou – N. Belt  99

King – N. Belt  97
2

Liberty – Greens Bayou  03
101 %
Cedar Bayou – N. Belt  99

King – N. Belt  97
3

* Overloads are listed at the maximum level observed for any double circuit tower line outage in any scenario.

Circuit 70 from ARCO refinery to Greens Bayou is limited by metering CT’s at ARCO refinery. Replacement of the limiting equipment has been previously identified as needed due to system load growth and is expected to be completed before peak 2002. Likewise, the University to Polk circuit 91 is already identified for upgrade due to system load growth and is anticipated to be complete before peak 2002. Circuit 03 from Greens Bayou to White Oak has been identified for upgrade as part of the ANP generator interconnection study.

With these anticipated system improvements in place, no circuit is expected to be loaded in excess of its short term rating for loss of a 345 kV double circuit tower line and there is no evidence of cascading outages. The proposed projects, in conjunction with projects which have been identified in other studies, bring the Reliant Energy HL&P 345 kV transmission system into compliance with NERC, ERCOT and Reliant Energy HL&P planning criteria for the addition of the three merchant plants.

























































































































1
07/21/00
PAGE  
Section 4 - Page 
1


07/21/00

