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1.0 Executive Summary
This report summarizes the studies performed to determine the transfer capability of the Southern Utah transmission system, and the transmission reinforcements necessary to increase the transfer capability.  For the purpose of this analysis, the existing Southern Utah transfer paths are defined as TOT2B and TOT2C.  The definition and ratings of these paths are described later in this document.
The system was studied with the TOT2B paths operating at their maximum transfer capability.  Transmission system reinforcements were then added to increase the transfer capability of the TOT2C path.  The studies included powerflow and contingency analysis only; no dynamic stability analysis was performed for this analysis.
The reinforcements necessary to obtain increased N-S TOT2C path ratings are listed in Table 1.1, below.

	N-S Path Rating
	Description of Reinforcements

	0 MW
	Existing N-S Capability Confirmed (with 2009 loads)

	370 MW
	Sigurd - Red Butte #2 345 kV Transmission Line w/ series comp

Red Butte - Harry Allen #1 345 kV Series Comp

Sigurd - Three Peak #1 345 kV Series Comp
Huntington - Pinto # 345 kV Series Comp
Three Peak DVAR + 150 / - 50 MVAR

Red Butte SVC + 150 / - 50 MVAR

	600 MW
	Harry Allen #2 230/345 kV transformer

Increase Three Peak DVAR to +250 / -100 MVAR

Increase Red Butte SVC to +250 / -100 MVAR

	700 MW
	Harry Allen 345 kV Phase Shifter #3

	900 MW
	Crystal 500 kV 750 MVA Phase Shifters (2)
Red Butte - Crystal #1 500 kV Transmission Line w/Series Comp

Red Butte #1 500/345 kV Transformer

	2100 MW
	Sigurd - Red Butte #1 500 kV Transmission Line

Sigurd #1 500/345 kV Transformer

Mona - Sigurd #1 500 kV Transmission Line

Mona 500/345 kV Transformers (2)

	Table 1.1 - North to South (N-S) Reinforcements


The N-S path rating could be increased beyond the 700 MW level, to an intermediate level of 1100 MW, by construction of a third 345 kV line from Mona to Sigurd to Red Butte.  This 235-mile transmission line is not required to obtain the ultimate 2100 N-S path rating shown in Table 1.1.
The reinforcements necessary to obtain increased S-N TOT2C path ratings are listed in Table 1.2, below.

	S-N Path Rating
	Description of Reinforcements

	351 MW
	Existing S-N Capability Confirmed

	600 MW
	Harry Allen #2 230/345 kV transformer

Red Butte - Harry Allen #1 345 kV Series Comp

Sigurd - Three Peak #1 345 kV Series Comp

Huntington - Pinto # 345 kV Series Comp

Three Peak DVAR +100 / - 50 MVAR

Red Butte SVC +100 /- 100 MVAR

	1300 MW
	Crystal 500 kV Phase Shifters (2)

Crystal - Red Butte #1 500 kV Transmission Line w/Series Comp

Red Butte #1 500/345 kV Transformer

Sigurd - Red Butte #2 345 kV Transmission Line w/ series comp
Huntington #2 Unit Generator Tripping RAS

Increase Three Peak DVAR to +250 / - 100 MVAR

Increase Red Butte SVC to +250 /- 100 MVAR

	1500 MW
	Red Butte - Sigurd #1 500 kV Transmission Line

Sigurd #1 500/345 kV Transformer

Sigurd -Mona #1 500 kV Transmission Line

Mona 500/345 kV Transformers (2)

	1700 MW
	Huntington #2 Unit Generator Tripping RAS

	Table 1.2 - South to North (S-N) Reinforcements


Detailed data for the reinforcements listed in the above tables can be found later in this report.

This analysis was limited to the area from Mona to the south.  Reinforcements north of Mona that would be necessary to support these transfer levels were not evaluated.
2.0 Background
As part of the Gateway Project development, PacifiCorp desires to understand and quantify the transfer capability of the Southern Utah transmission system.  For the purpose of this analysis, the existing Southern Utah transfer paths are defined as TOT2B and TOT2C.  The existing definition and accepted ratings of these paths are as follows:

	Path
	Description
	Rating (see note)

	
	
	North-South
	South-North

	TOT2B
	Southern Utah to Northern Arizona/West New Mexico

	TOT2B1
	Pinto-Four Corners 345 kV line flow - measured at Four Corners
	560 MW
	600 MW

	TOT2B2
	Sigurd-Glen Canyon 230 kV line flow - measured at Glen Canyon
	265 MW
	300 MW

	TOT2C
	Southwestern Utah to Southeast Nevada

	
	Red Butte-Harry Allen 345 kV line flow - measured at Harry Allen 500 kV
	300 MW
	300 MW

	Table 2.1 - Southern Utah Path Designations and Existing Ratings
Note: non-simultaneous rating with simultaneous interaction defined by a nomogram


If additional transmission components are added in Southern Utah, the ratings of the paths in Table 2.1 would change.  For example, the addition of new transmission from the Red Butte area to the Harry Allen area would add capacity to the TOT2C path.  Reinforcements that are considered for this study are listed in Section 7.
Figures 2.1 and 2.2, on the following page show geographically the existing transmission facilities that make up the TOT2B paths.
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Figure 2.1 - TOT2B1 Transmission Diagram
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Figure 2.2 - TOT2B2 Transmission Diagram

Figure 2.3, below shows geographically the existing transmission facilities that make up the TOTC path.
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Figure 2.3 - TOT2C Transmission Diagram

3.0 Study Assumptions
The following key assumptions were used in performing this study.
· The study was performed using a WECC 2015 Heavy Summer base case.
· All studies were performed using PSS/E™ version 30.3.2.
· Studies were performed with TOT2B (TOT2B1 and TOT2B2) path flows at their current maximum rated levels.
· Southern Utah path scheduling was performed by adjusting the levels of load in Utah and in Arizona and modifying the area interchange in area 14 and area 65.  Phase shifters at Pinto, Sigurd, Harry Allen, and Crystal (future) were adjusted to accommodate the desired flows.
· Elements of the Gateway Project were modeled according to existing plans.  It is possible that these elements might change during the planning process.

· Cases were screened with the PacifiCorp-developed contingency processor for steady-state (N-0) and contingency (N-1 and N-2) conditions, including bus voltages and branch and equipment loading.
· Results were developed for both North to South flows (N-S) and South to North flows (S-N).  The results were presented separately to facilitate the independent rating of the path for each flow direction.
4.0 Study Procedures
All study cases were performed with the TOT2B paths at their maximum rated flow.  For N-S cases, this results in TOT2B1 (Pinto - Four Corners) flows of 560 MW and TOT2B2 (Sigurd - Glen Canyon) flows of 265 MW.  For S-N cases, the flows are -600 MW for TOT2B1 and -300 MW for TOT2B2.  The flows on these paths were achieved with a combination of area scheduling and phase shifter setting adjustment.  Incremental path flows on the TOT2C path were set by adjusting the Harry Allen phase shifters and area interchange.

The loading in the Red Butte / Cedar City area has a significant effect on the transfer capability on the TOT2C path.  For heavy N-S flows, the most restrictive case is when these loads are at their maximum.  This tends to result in higher flows on the lines south of Mona and Sigurd for a given TOT2C path flow.  The converse is true for heavy S-N flow conditions.  Lighter loads in Southwestern Utah result in higher flows on the Sigurd and Mona transmission lines.  Table 4.1 below shows the most recent projection for the loads in SW Utah.
	Location
	Year

	
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020

	Cedar City
	103
	120
	124
	129
	135
	140
	146
	151
	157
	164
	170
	177
	184
	191

	Red Butte
	415
	441
	459
	477
	496
	516
	537
	558
	581
	604
	629
	654
	680
	708

	Table 4.1 - Southwestern Utah Peak Load Projection (in MW excluding generation)


Although cases were developed and analyzed for the less restrictive cases for N-S and for S-N flows, the results are not presented here.  For N-S cases the peak 2015 projected loads were assumed (~750 MW) and for S-N cases the minimum 2015 off-peak loads were assumed (~250 MW).  Tables 4.2 and 4.3, on the following page, list the loads and generation resources used in the N-S cases analyzed.
	Location
	Load in Case

	
	N-S 0
	N-S 370
	N-S 600
	N-S 700
	N-S 1100
	N-S 1500
	N-S 2100

	Cedar City
	124
	124
	124
	124
	124
	124
	124

	St George
	630
	630
	630
	630
	630
	630
	630

	Table 4.2 - SW Utah Load in N-S Cases


	Plant
	Case Generation

	
	N-S 0
	N-S 370
	N-S 600
	N-S 700
	N-S 1100
	N-S 1500
	N-S 2100

	Aeolus
	1100
	1100
	1100
	1100
	1100
	1100
	1100

	Bonanza
	495
	495
	495
	495
	495
	495
	495

	Bridger5-6
	1560
	1560
	1560
	1560
	1560
	1560
	1560

	Carbon1-2
	170
	170
	170
	170
	170
	170
	170

	Current Ck1-3
	490
	490
	490
	490
	490
	490
	490

	Dave Johnston1-6
	2376
	2376
	2376
	2376
	2376
	2376
	2376

	Gadsby1-6
	325
	325
	325
	325
	325
	325
	325

	Hinshaw
	120
	120
	120
	120
	120
	120
	120

	Hunter1-3
	1400
	1400
	1400
	1400
	1400
	1400
	1400

	Huntington1-2
	940
	940
	940
	940
	940
	940
	940

	Lakeside1-3
	535
	535
	535
	535
	535
	535
	535

	Naughton1-3
	527
	534
	577
	574
	531
	575
	680

	Nebo1-2
	130
	130
	130
	130
	130
	130
	130

	Palisade1-4
	160
	160
	160
	160
	160
	160
	160

	Two Elk
	275
	275
	275
	275
	275
	275
	275

	UPP1-4
	210
	210
	210
	210
	210
	210
	210

	Wyodak1
	370
	370
	370
	370
	370
	370
	370

	Wind River1-3
	550
	550
	550
	550
	550
	550
	550

	Windstar
	1100
	1100
	1100
	1100
	1100
	1100
	1100

	Table 4.5 - Significant Generation in N-S Cases


Tables 4.4 and 4.5, below, list the loads and generation resources used in the S-N cases.

	Location
	Load in Case

	
	Base
	S-N 357
	S-N 600
	S-N 700
	S-N 1100
	S-N 1500
	S-N 1700

	New SLC Load
	0
	475
	700
	800
	1150
	1490
	1600

	Cedar City
	123
	55
	55
	55
	55
	55
	55

	St George
	396
	200
	200
	200
	200
	200
	200

	Table 4.4 - Load Adjustments S-N Cases


	Plant
	Case Generation

	
	Base
	S-N 357
	S-N 600
	S-N 700
	S-N 1100
	S-N 1500
	S-N 1700

	Bonanza
	502
	502
	502
	502
	502
	502
	502

	Bridger5
	562
	562
	562
	562
	562
	562
	562

	Carbon1-2
	179
	179
	179
	179
	179
	179
	179

	Current Ck1-3
	500
	500
	500
	500
	500
	500
	500

	Dave Johnston1-4
	826
	826
	826
	826
	826
	826
	826

	Gadsby1-6
	340
	340
	340
	340
	340
	340
	340

	Hunter1-3
	1415
	1415
	1415
	1415
	1415
	1415
	1415

	Huntington1-2
	950
	950
	950
	950
	950
	950
	950

	Lakeside1-3
	544
	544
	544
	544
	544
	544
	544

	Naughton1-3
	711
	386
	388
	387
	388
	388
	388

	Nebo1-2
	145
	145
	145
	145
	145
	145
	145

	Palisade1-4
	160
	160
	160
	160
	160
	160
	160

	UPP1-4
	175
	175
	175
	175
	175
	175
	175

	Wyodak1
	374
	374
	374
	374
	374
	374
	374

	West Valley1-5
	185
	185
	185
	185
	185
	185
	185

	Table 4.5 - Significant Generation in S-N Cases


Most of the N-S study cases required significant addition of shunt capacitors at Three Peak and Red Butte.  The S-N study cases required significant addition of shunt capacitors in the Huntington Canyon area.  A large SVC device was modeled at the Red Butte 345 kV station and at the Three Peak 345 kV station.  The Three Peak device could likely be a DVAR switching capacitor banks rather than a full SVC.  The output of the devices were monitored during contingency evaluations to achieve an approximation of the size of device required for various flow conditions.
A series of single contingencies (N-1) and double contingencies (N-2) were evaluated for each of the study cases.  The list of contingencies studied included key 345 kV facilities and proposed 500 kV facilities in the Southern Utah area.  The standard WECC/NERC/PacifiCorp requirements for post-contingency voltage and facility loading were used to evaluate the results of the contingency analysis.
The steady-state and contingency requirements are as follows:

· Maximum allowable post-transient voltage deviation of five (5) percent for N-1 Contingencies (deviation from pre-disturbance voltage).

· Maximum allowable post-transient voltage deviation of ten (10) percent for N-2 contingencies (deviation from pre-disturbance voltage).

· Post-transient bus voltages must be at least 0.90 per unit.

· Pre and post-disturbance loading to remain within the emergency ratings of all equipment and line conductors.  The emergency ratings are determined by the owner/operator of each equipment item.

5.0 Study Case Development and Results
5.1 North to South (N-S) Transfer
With 2009 Southwestern Utah loads (583 MW), the TOT2C path could not accommodate any flow without contingency-related voltage violations.  For the Sigurd - Three Peak 345 kV transmission line outage, there are numerous low-voltage violations in the Three Peak area.  Table 5.1.1, shows the confirmed N-S path rating is zero (0) MW.
	TOT2C Path Rating
	Description

	0 MW
	Existing N-S Capability Confirmed (with 2009 loads)

	Table 5.1.1 - Existing N-S Capacity with 2009 Loads


When the loads in Southwestern Utah increase to 2015 levels (750 MW), the number of contingency-related voltage violations increase.  For the Three Peak - Red Butte 345 kV transmission line outage, there are numerous high-voltage violations at buses near Three Peak.  For the Sigurd - Three Peak 345 kV transmission line outage, there are numerous low-voltage violations in the Three Peak area.
The first set of transmission system reinforcements are required to return the TOT2C path rating to the accepted level of 300 MW with expected 2015 loads in Southwestern Utah.  These upgrades and the maximum available path C flow are listed in Table 5.1.2 below.
	TOT2C Path Rating
	Description of Reinforcements

	370 MW
	Sigurd - Red Butte #2 345 kV Transmission Line w/ series comp

Red Butte - Harry Allen #1 345 kV Series Comp

Sigurd - Three Peak #1 345 kV Series Comp

Huntington - Pinto # 345 kV Series Comp

Three Peak DVAR + 150 / - 50 MVAR

Red Butte SVC + 150 / - 50 MVAR

	Table 5.1.2 - Base Level Reinforcements to Support 2015 Loads


With the upgrades listed in Table 5.1.2, the TOT2C path can be loaded to 370 MW.  This is the rating of the Harry Allen 230/345 kV transformer.  To increase the TOT2C path above 370 MW, a second Harry Allen transformer must be installed (see Table 5.1.3).

	TOT2C Path Rating
	Description of Reinforcements

	600 MW
	Harry Allen #2 230/345 kV transformer

Increase Three Peak DVAR to +250 / -100 MVAR

Increase Red Butte SVC to +250 / -100 MVAR

	Table 5.1.3 - 600 MW N-S Reinforcement


With the upgrade listed in Table 5.1.3, the TOT2C path can be loaded to 600 MW.  This is the combined rating of the two (2) Harry Allen phase shifters.  To increase the TOT2C path above 600 MW, additional phase shifter capability must be installed at Harry Allen (see Table 5.1.4).

	TOT2C Path Rating
	Description of Reinforcements

	700 MW
	Harry Allen 345 kV Phase Shifter #3

	Table 5.1.4 - 700 MW N-S Reinforcement


Although it is technically feasible to add additional 345 kV phase shifter capability at Harry Allen, this additional capacity would be limited by the 345 kV line capacity north of Red Butte.  With the upgrade listed in Table 5.1.4, the TOT2C path could be loaded to 700 MW.  With flows above 700 MW on the TOT2C path, the outage of one of the parallel 345 kV transmission lines between Sigurd and Red Butte results in an overload on the remaining lines.  The next required reinforcement would be a 235-mile 345 kV line from Mona to Sigurd to Red Butte.
In place of the addition of the 345 kV phase shifting capacity and extensive 345 kV transmission reinforcements, the first phase of the Gateway Project would provide up to 900 MW N-S capacity (see Table 5.1.5).
	TOT2C Path Rating
	Description of Reinforcements

	900 MW
	Crystal 500 kV 750 MVA Phase Shifters (2)

Red Butte - Crystal #1 500 kV Transmission Line w/Series Comp

Red Butte #1 500/345 kV Transformer

	Table 5.1.5 - 900 MW N-S Reinforcements


The construction of the next phase of the Gateway Project south of Mona provide the system reinforcement necessary to achieve a 2100 MW capacity N-S.  The 500 kV project would include two (2) Mona 500/345 kV transformers and a single Red Butte 500/345 kV transformer.  Phase shifters would be installed at Crystal (see Table 5.1.6).

	TOT2C Path Rating
	Description of Reinforcements

	2100 MW
	Sigurd - Red Butte #1 500 kV Transmission Line

Sigurd #1 500/345 kV Transformer

Mona - Sigurd #1 500 kV Transmission Line

Mona 500/345 kV Transformers (2)

	Table 5.1.6 - 2100 MW N-S Reinforcements


For N-S transfers, the 500 kV transmission line does not require an interconnection to the 345 kV transmission system at Sigurd.
5.2 South to North (S-N) Transfer
With light loads in the Southwestern Utah area of approximately 250 MW, the TOT2C path demonstrated acceptable steady-state and contingency performance up to a flow of 357 MW.  This is the rating of the Harry Allen 230/345 kV transformer (see Table 5.2.1).

	TOT2C Path Rating
	Description of Reinforcements

	351 MW
	Existing S-N Path Capability (with light 2015 loads)
(limited by rating of Harry Allen 230/345 kV transformer)

	Table 5.2.1 - Existing S-N Path Capability


To increase the TOT2C path above 351 MW, a second Harry Allen transformer must be installed.  Additional reinforcements that are required to increase the TOT2C path rating to 600 MW are listed in Table 5.2.2.  Series compensation is required on the Red Butte - Harry Allen 345 kV transmission line and on the Sigurd - Three Peak 345 kV line to increase flowability.  With S-N flows above 351 MW on the TOT2C path, the outage of one of the parallel 345 kV transmission lines between Sigurd and Red Butte results in bus low voltage violations on the 138 kV transmission system near Pinto.
	TOT2C Path Rating
	Description of Reinforcements

	600 MW
	Harry Allen #2 230/345 kV transformer

Red Butte - Harry Allen #1 345 kV Series Comp

Sigurd - Three Peak #1 345 kV Series Comp

Huntington - Pinto # 345 kV Series Comp

Three Peak DVAR +100 / - 50 MVAR

Red Butte SVC +100 /- 100 MVAR

	Table 5.2.2 - 600 MW S-N Reinforcements


With the reinforcements listed in Table 5.2.2, the TOT2C path can be loaded to 600 MW.  This is the combined rating of the two (2) Harry Allen phase shifters.
To increase the TOT2C path above 600 MW, additional phase shifter capability must be installed at Harry Allen (see Table 5.2.3).
	TOT2C Path Rating
	Description of Reinforcements

	700 MW
	Additional 345 kV phase shifting capacity at Harry Allen
Increase Three Peak DVAR to +250 / - 100 MVAR

Increase Red Butte SVC to +250 /- 100 MVAR

	Table 5.2.3 - 700 MW S-N Reinforcement


With the upgrade listed in Table 5.2.3, the TOT2C path could be loaded to 700 MW.  With loads above 700 MW on the TOT2C path, the N-2 outage of the Spanish Fork - Huntington and the Camp Williams - Emery 345 kV transmission lines results in overloads on the Mona - Huntington 345 kV line.  In order to increase the TOT2C path capacity above the 700 MW level, a third Mona - Sigurd 345 kV transmission line must be constructed.  Also at these flow levels the Three Peak voltage violations occur again for 345 kV outages on either side of Three Peak.  This requires the construction of the Sigurd - Red Butte #2 345 kV transmission line.
In place of the addition of the 345 kV phase shifting capacity and extensive 345 kV transmission reinforcements listed above, the first phase of the Gateway Project would provide up to the 1300 MW S-N capacity (see Table 5.2.4).

	TOT2C Path Rating
	Description of Reinforcements

	1300 MW
	Crystal 500 kV Phase Shifters (2)

Crystal - Red Butte #1 500 kV Transmission Line w/Series Comp

Red Butte #1 500/345 kV Transformer

Sigurd - Red Butte #2 345 kV Transmission Line w/ series comp
Huntington #2 Unit Generator Tripping RAS

Increase Three Peak DVAR to +250 / - 100 MVAR

Increase Red Butte SVC to +250 /- 100 MVAR

	Table 5.2.4 - 1300 MW S-N Reinforcements


The only limitation for S-N flows above 700 MW is the overload of the Mona - Huntington 345 kV transmission line for the N-2 outage of the Camp Williams - Emery and the Spanish Fork - Huntington 345 kV transmission lines.  This can be reduced by tripping generation at Huntington.

The installation of a remedial action scheme to trip Huntington generation for the N-2 outage during periods of high S-N flows, will allow the TOT2C path to be loaded up to 1300 MW.
The construction of the next phase of the Gateway Project south of Mona provide the system reinforcement necessary to achieve a 1500 MW capacity S-N.  The 500 kV project would include two (2) Mona 500/345 kV transformers, a single Sigurd 500/345 kV transformer, and a single Red Butte 500/345 kV transformer.  Phase shifters would be installed at Crystal (see Table 5.2.6).

	TOT2C Path Rating
	Description of Reinforcements

	1500 MW
	Red Butte - Sigurd #1 500 kV Transmission Line

Sigurd #1 500/345 kV Transformer

Sigurd -Mona #1 500 kV Transmission Line

Mona 500/345 kV Transformers (2)

	Table 5.2.6 - 1500 MW S-N Reinforcements


For S-N transfers, the 500 kV transmission line requires an interconnection to the 345 kV transmission system at Sigurd to reduce contingency overloads on the Mona - Sigurd 345 kV transmission lines.

The installation of the remedial action scheme to trip Huntington generation for the N-2 outage during periods of high S-N flows, will allow the TOT2C path to be loaded up to 1700 MW (see Table 5.2.7).

	TOT2C Path Rating
	Description of Reinforcements

	1700 MW
	Huntington #2 Unit Generator Tripping RAS

	Table 5.2.7 - 1700 MW S-N Reinforcement


6.0 Results Summary
6.1 North to South (N-S) Cases
Table 6.1 below summarizes the transmission system reinforcements required for the various N-S transfer levels.

	N-S Path Rating
	Description of Reinforcements

	0 MW
	Existing N-S Capability Confirmed (with 2009 loads)

	370 MW
	Sigurd - Red Butte #2 345 kV Transmission Line w/ series comp

Red Butte - Harry Allen #1 345 kV Series Comp

Sigurd - Three Peak #1 345 kV Series Comp

Huntington - Pinto # 345 kV Series Comp

Three Peak DVAR + 150 / - 50 MVAR

Red Butte SVC + 150 / - 50 MVAR

	600 MW
	Harry Allen #2 230/345 kV transformer

Increase Three Peak DVAR to +250 / -100 MVAR

Increase Red Butte SVC to +250 / -100 MVAR

	700 MW
	Harry Allen 345 kV Phase Shifter #3

	900 MW
	Crystal 500 kV 750 MVA Phase Shifters (2)

Red Butte - Crystal #1 500 kV Transmission Line w/Series Comp

Red Butte #1 500/345 kV Transformer

	2100 MW
	Sigurd - Red Butte #1 500 kV Transmission Line

Sigurd #1 500/345 kV Transformer

Mona - Sigurd #1 500 kV Transmission Line

Mona 500/345 kV Transformers (2)

	Table 6.1 - North to South (N-S) Reinforcements


6.2 South to North (S-N) Cases
Table 6.2 below summarizes the transmission system reinforcements required for the various S-N transfer levels.

	S-N Path Rating
	Description of Reinforcements

	351 MW
	Existing S-N Capability Confirmed

	600 MW
	Harry Allen #2 230/345 kV transformer

Red Butte - Harry Allen #1 345 kV Series Comp

Sigurd - Three Peak #1 345 kV Series Comp

Huntington - Pinto # 345 kV Series Comp

Three Peak DVAR +100 / - 50 MVAR

Red Butte SVC +100 /- 100 MVAR

	1300 MW
	Crystal 500 kV Phase Shifters (2)

Crystal - Red Butte #1 500 kV Transmission Line w/Series Comp

Red Butte #1 500/345 kV Transformer

Sigurd - Red Butte #2 345 kV Transmission Line w/ series comp
Huntington #2 Unit Generator Tripping RAS

Increase Three Peak DVAR to +250 / - 100 MVAR

Increase Red Butte SVC to +250 /- 100 MVAR

	1500 MW
	Red Butte - Sigurd #1 500 kV Transmission Line

Sigurd #1 500/345 kV Transformer

Sigurd -Mona #1 500 kV Transmission Line

Mona 500/345 kV Transformers (2)

	1700 MW
	Huntington #2 Unit Generator Tripping RAS

	Table 6.2 - South to North (S-N) Reinforcements


7.0 Gateway Project Elements

Figure 7.1 shows the Gateway Project system south of Mona substation.  The individual elements of the Project are listed in Table 7.1, on the next page.
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Figure 7.1 - Gateway Project South of Mona

	Reinforcement
	Details

	Harry Allen #2 230/345 kV Transformer
	230/345 kV, 357/465 MVA

	Sigurd - Red Butte #2 345 kV Line
	156.6-mile, 2-954 ACSR, 1163/1432 MVA

	Sigurd - Red Butte #2 Series Comp
	345 kV, 2000 Amp, 50% of Line Reactance

	Red Butte - Harry Allen Series Comp
	345 kV, 2000 Amp, 75% of Line Reactance

	Sigurd - Three Peak Series Comp
	345 kV, 2000 Amp, 50% of Line Reactance

	Huntington - Pinto Series Comp
	345 kV, 2000 Amp, 60% of Line Reactance

	Red Butte SVC
	+150/-50 MVAR expandable to +300/-300 MVAR

	Crystal Phase Shifters
	500 kV, 750/840 MVA, +25/-25 Degree

	Red Butte - Crystal 500 kV
	95-mile, 3-1590 ACSR/TWD, 3681/4097 MVA

	Red Butte 500/345 kV Transformer
	500/345 kV, 1500/1680 MVA

	Huntington #2 Generator Tripping RAS
	Trip Huntington #2 for N-2 with Heavy S-N flows

	Sigurd - Red Butte 500 kV Line
	156.6-mile, 3-1590 ACSR/TWD, 3681/4097 MVA

	Sigurd 500/345 kV Transformer
	500/345 kV, 1500/1680 MVA

	Mona - Sigurd 500 kV Line
	78.4-mile, 3-1590 ACSR/TWD, 3681/4097 MVA

	Mona 500/345 kV Transformer #1
	500/345 kV, 1500/1680 MVA

	Mona 500/345 kV Transformer #2
	500/345 kV, 1500/1680 MVA

	Table 7.1 - Reinforcement Details


7.1 North to South (N-S) Cases
Table 7.1.1 below lists the transmission system reinforcements south of Mona that are required for the various N-S transfer levels.

	Specific Reinforcement
	Case

	
	N-S 370
	N-S 600
	N-S 700
	N-S 900
	N-S 1500
	N-S 2100

	Harry Allen #2 230/345 kV Transformer
	
	■
	■
	■
	■
	■

	Sigurd - Red Butte #2 345 kV Line
	■
	■
	■
	■
	■
	■

	Sigurd - Red Butte #2 Series Comp
	■
	■
	■
	■
	■
	■

	Red Butte - Harry Allen Series Comp
	■
	■
	■
	■
	■
	■

	Sigurd - Three Peak Series Comp
	■
	■
	■
	■
	■
	■

	Huntington - Pinto Series Comp
	■
	■
	■
	■
	■
	■

	Red Butte SVC
	■
	■
	■
	■
	■
	■

	Harry Allen 345 kV Phase Shifter #3
	
	
	■
	
	
	

	Crystal 500 kV Phase Shifters
	
	
	
	■
	■
	■

	Red Butte - Crystal 500 kV
	
	
	
	■
	■
	■

	Red Butte 500/345 kV Transformer
	
	
	
	■
	■
	■

	Huntington #2 Generator Tripping RAS
	
	
	
	
	
	

	Sigurd - Red Butte 500 kV Line
	
	
	
	
	■
	■

	Sigurd 500/345 kV Transformer
	
	
	
	
	
	

	Mona - Sigurd 500 kV Line
	
	
	
	
	■
	■

	Mona 500/345 kV Transformer #1
	
	
	
	
	■
	■

	Mona 500/345 kV Transformer #2
	
	
	
	
	■
	■

	Table 7.1.1 - List of Reinforcements in N-S Cases


7.2 South to North (S-N) Cases
Table 7.2.1 below lists the transmission system reinforcements south of Mona that are required for the various S-N transfer levels.

	Specific Reinforcement
	Case

	
	S-N 351
	S-N 600
	S-N 700
	S-N 1300
	S-N 1500
	S-N 1700

	Harry Allen #2 230/345 kV Transformer
	
	■
	■
	■
	■
	■

	Harry Allen - Red Butte Series Comp
	
	■
	■
	■
	■
	■

	Sigurd - Three Peak Series Comp
	
	■
	■
	■
	■
	■

	Huntington - Pinto Series Comp
	
	■
	■
	■
	■
	■

	Red Butte SVC
	
	■
	■
	■
	■
	■

	Crystal 500 kV Phase Shifters
	
	
	■
	■
	■
	■

	Red Butte - Crystal 500 kV
	
	
	■
	■
	■
	■

	Red Butte 500/345 kV Transformer
	
	
	■
	■
	■
	■

	Sigurd - Red Butte #2 345 kV Line
	
	
	■
	■
	■
	■

	Sigurd - Red Butte #2 Series Comp
	
	
	■
	■
	■
	■

	Huntington #2 Generator Tripping RAS
	
	
	■
	■
	
	■

	Sigurd - Red Butte 500 kV Line
	
	
	
	
	■
	■

	Sigurd 500/345 kV Transformer
	
	
	
	
	■
	■

	Mona - Sigurd 500 kV Line
	
	
	
	
	■
	■

	Mona 500/345 kV Transformer #1
	
	
	
	
	■
	■

	Mona 500/345 kV Transformer #2
	
	
	
	
	■
	■

	Table 7.2.1 - List of Reinforcements in S-N Cases


8.0 Conclusions

Based on this evaluation, the current accepted path ratings for TOT2B and TOT2C were validated for south to north transfers.  However with 2009 peak projected loads, the north to south TOT2C path rating is approximately zero (0) MW.  No additional transfers could be accommodated without transmission system reinforcements.
The reinforcements necessary to obtain increased 700 and 1500 MW bi-directional TOT2C path ratings are listed in Table 8.1, below.

	TOT2C Path Rating
	Description of Reinforcements

	700 MW
	Harry Allen #2 230/345 kV transformer

Sigurd - Red Butte #2 345 kV Transmission Line w/ series comp

Red Butte - Harry Allen #1 345 kV Series Comp

Sigurd - Three Peak #1 345 kV Series Comp

Huntington - Pinto # 345 kV Series Comp

Three Peak SVC

Red Butte SVC
Crystal 500 kV 750 MVA Phase Shifters (2)

Red Butte - Crystal #1 500 kV Transmission Line w/Series Comp

Red Butte #1 500/345 kV Transformer

	1500 MW
	Huntington #2 Unit Generator Tripping RAS

Sigurd - Red Butte #1 500 kV Transmission Line

Sigurd #1 500/345 kV Transformer

Mona - Sigurd #1 500 kV Transmission Line

Mona 500/345 kV Transformers (2)

	Table 8.1 - Southern Utah Transmission Reinforcements


The reinforcements listed in Table 8.1 will result in the maximum rating listed.  Any increase in flows above this level will trigger the reinforcements for the next rating level.
A phased approach to construction of the required transmission system reinforcements will not result in any unnecessary facilities up through the 700 MW TOT2C transfer capability level.  For flows above 700 MW, a series of 345 kV transmission reinforcements can extend the capacity to 1100 MW for N-S and 1500 MW for S-N.  However, these reinforcements are ALL unnecessary once the 500 kV system reinforcements are implemented to increase the capacity to 1500 MW.
9.0 Appendix

WECC Path Descriptions

Powerflow Diagrams

Contingency Summaries
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