Alternative 10 Contingency Analysis
Burro Canyon-San Luis 230 kV Line Addition
Burro Canyon 60 MW Generator Addition
Alamosa Steam Capacitor Addition
Rio Grande Tap Capacitor Addition

Load Level = 144 MW SLV Generation = 0 MW

The following power flow summaty is for Alternative 10, which adds a Burro Canyon-8an
Luis 230 kV line, a Burro Canyon 230-115 kV transformer, Burro Canyon generation
(B0 MW), and a second 230-115 kV San Luis transformer to the high- voltage transmission
system, similar to Alternative 9. The difference is in the size of the generator addition. At
this point in the study, a 0 MW generation addition at Burro Canyon is known fo be
unacceptable, and a 120 MW generation addition at Burro Canyon is known to mitigate
voitage collapse in the San Luis Valley. Therefore, knowledge of the effect of a 60 MW
generation addition at Burro Canyon is valuable. In addition, capacitors are modeled at
Alamosa Steam and Rio Grande Tap 69 kV. Alternative 10 was studied with no local San
Luis Valley generation on-line. The results of the Alternative 10 contingency analysis are
summarized on the following page. Power fiow plots are in Appendix 10.

The results of the these cases indicate that a 60 MW generation addition at Burro Canyon
is as effective In mitigating the voltage collapse concemns of the San Luis Valley High

Voltage Transmission System at a load level of 144 MW. Further alternative development
is required to fully comply with reliability criteria.
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Alternative 10 Contingency Analysis Summary

Load Level = 144 MW
Pawer Factor = 1.00

SLV Generation = 0 MW

PSCollUC Losses = 153171 MW
Load Model = Constant MVA

System State

High & Low Voltages

Overloads

System Normal

Naone

11 Load transformers > 80% of rating

Alamosa Steam-Alamosa Terminal 69
KV Line Outage

Alamosa St 69 KV Capaciler = 18 MvAr

Alamosa St-Mosca 63 kV = 110% {26)
Mosca-San Luls 69 KV Line= 117% {29)

Alamosa Tarm 115-89 kV xfmr Outage

Alamosa 5t 69 kV Cdpacitor = 9 MVAT

None

Alamosa Term-San Luis 118 KV Qulage

Alamosa 5t 69 kV Capacitor = 36 MVAr

Alamosa St-Mosca 63 kV = 103% {26)
Mosca-Sex Luls 69 kV Line= 112% (20)
RGrande Tap-Sargent 69 kv=118% (44)
San Luis 115-69 KV xfmr = 117% (42}
Bargent 115-89 kV xfmr = 104% (63)

Comanche-Walsenburg 230 kV Line Nons None

Curecanti-Poncha 230 kV Line Qutage None Hiue Mesa-Skito 115 kV = 116% (100)
Gunnison-Skito 16 KV = 103% (160}

Gunnison-Poncha 115 kV Line Quiage None Blue Mesa-Curecant] 115= $1 1% {100)

Midway-Poncha 230 KV Line Quiggs Hone Nong

Pongha-Ban Luls 230 kV Line Outage Rie Grande Tap Capacitor = 8 MVAr None

Paoncha-Sargent 115 kV Line Outage " MNone Nona

Rio Grande Tap-Sargent 115 KV Outage

Rio Grande Tap Capachor = 8 MVAr

Alamosa Term 115-69 xfmr = 121% (26
Mosca-San Luis 69 KV Line= 104% (29)

San Luis 11589 kV xfmr Outage

None

Arisel-San Luts 69 kV Line = 115% (29)

Sargent 116-69 KV Transformer Ouldge

Nene

San Luls 115-89 kV xfmr = 135% (42}

" Sluck Pencha CR 388
Curscanti-Poncha 230 kV Line &
Midway-Poncha 230 kV Line Outage

Alamosa St 69 kV Capacitor = 6 MVAr
Ric Granda Tap Capacitor = 14 MVAr

Blue Mesa-Skito 116 KV = 120% (100)
Gunnison-Skito 116 kV = 107% (100)

Sluck.Poncha CB 586
Curecanti-Poncha 230 kV Line &
Poncha-8an Lais 230 kV Line Quiage

Alamosa 5t 89 kV Capacitor = 6 MvAr
Rio Grande Tap Capacfor = 14 MVAr

Blug Mesa-Skito 415 KV = 120% (100}
Gunnison-Skito 115 kv = 107% (100)

Shuck Poncha CB 1186
Midway-Poncha 230 kV Line &
Poncha-San Luis 230 kV Line Qutage

None

Biue Mesa-Skito 118 kV = 120% (1 00}
Gunnison-Skito 115 kV = 107% (100)
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Alternative 11 Contingency Analysis
Burro Canyon-San Luis 230 kV Line Addition
Burro Canyon 30 MW Generator Addition
Alamosa Steam Capacitor Addition
Rio Grande Tap Capacitor Addition

Load Level = 144 MW SLV Generation = 0 MW

The following power flow summary is for Alternative 11, which adds a Burro Canyon-San
Luis 230 kV fine, a Burro Canyon 230-115 kV transformer, Burro Canyon generation (30
MW), and a second 230-115 kV San Luis transformer to the high-voltage transmission
system, similar to Altemative 10. The size of the generator addition at Burro Canyon has
been reduced from 80 MW to 30 MW. At this point in the study, a 0 MW generation
addition at Burro Canyon is known to be unacceptable, and a 60 MW generation addition
at Burro Canyon is known to mitigate voltage collapse in the San Luis Valley, at the studied
load level, Therefore, knowledge of the effect of a 30 MW generation addition at Burro
Canyon s valuable. In addition, capacitors are modeled at Alamosa Steam and Rio
Grande Tap 69 kV, Alternative 11 was studied with no local San Luis Valley generation
on-line. The results of the Alternative 11 contingency analysis are on the foliowing page,
Power flow plots are in Appendix 11.

The results of the these cases indicate that a 30 MW generation addition at Burro Canyon
is as effective in mitigating the voltage collapse concerns of the San Luis Valley High
Voltage Transmission System as a 120 MW or a 60 MW generation addition, at a regional
load level of 144 MW. Further alternative development is required to fully satisfy reliability
criteria.
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Alternative 11 Contingency Analysis Summary

Load Level = 144 MW
Pawsr Factor = 4.00

SLV Generation = 0 MW

PSCo/UC Losses = 152/171 MW
Load Modsel = Constant MVA

System State

High & Low Voltages

Overloads

System Nornat

None

10 Load transformers > B0% of rating

Alamosa Steam-Alamosa Terminal 69
KV Line Outage

Alamaosa St 69 kV Capacitor = 18 MVAr

Alamosa St-Mosca B9 kV = 109% (26)
Mosca-San Luls 69 kV Line= 117% {29)

Alamosa Tern 11569 kV xfmr Qutage

Alamosa St 53 kV Capacitor = 8 MVAr

Nona

Alamosa Term-San Luls 115 kV Outage

Alamosa St 69 kV Capacitor = 35 MVAr

Alamosa St-Mosca 69 kV = 103% (26)
Mosca-San Luis 69 KV Line= 111% (29)
RGranda Tap-Sargant 69 kV=118% {44)
San Luis 11568 KV xfmir = 117% (42)
Sargent 115-69 KV xfmr = 104% (63)

Comancha-Walsenburg 230 kV Line None None
Curecanti-Poncha 230 k¥ Line Qutage Nore Blue Mesa-Skito 115 KV = 118% {100)
Gunnison-Skite 115 kV = 105% {100}
Gunnison-Poncha 115 kV Line Qulage Nane Blue Masa-Curecanti 115= 111% {100)
Midway-Poncha 230 kV Line Outage None None

Poncha-San Luis 230 kV Line Outage

Alamosa St 69 kV Capacitor = 7 MVAr
Rio Grande Tap Capaeitor = 17 MVAr

Blue Mesa-Skite 115 kV = 102% (100)

Peonicha-Sargent 115 KV Lina Outage

None

Nona

Rio Grande Tap-Sargent 115 kV Outage

Rio Grande Tap Capacitor = 8 MVAr

Alamosa Term 115-68 xfmr = 120% (25}
Mosca-5an Luls 83 KV Line= 104% (29)

San Luls 115-65 kY xfmr Qutege

None

Ansel-San Luls 69 kV Line = 116% {29)

Sargent 11569 KV Transformer Qulage

None

San Luls 11569 KV xfnr = 140% (42)

Stuck Poncha CB 386
Curecanti-Poncha 230 kV Line &
Midway-Poncha 230 kV Line Oulage

Rie Grande Tap Capacitor = 9 MVAr

Blue Mesa-Skito 115 kV = 124% (100)
Gunnison-Skite 115 kV = 111% (100)

Sluck Pongha CB 588
Curecanti-Poncha 230 kV Line &
_Poncha-San Luis 230 kV Line Outage

Alamosa §t 69 kV Capacifor = 9 MVAr
Rio Grande Tap Capacitor = 25 MVAr

Blue Mesa-Skito 115 kW = 124% (100)
Gunnison-Skito 115 kV = 111% {100)

Stuck Poncha CB 1186
Midway-Poncha 230 kV Line &
Poncha-San Luis 230 kV Line Oulage

None

Blua Mesa-Skito 115 kV = 124% {100)
Gunnison-Skite 115 kV = 111% (100)
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Alternative 12 Contingency Analysis
San Luis-Walsenburg 230 kV Line Addition
Regional 69 kV Line Uprates
Alamosa Steam Capacitor Addition
Rio Grande Tap Capacitor Additlon

Load Level = 144 MW SLV Generation = § MW

The following power flow summary is for Alternative 12, which adds a San Luis-
Walsenburg 230 kV line, a second 230-115 kV San Luis transformer, and capacitors at
Alamosa Steam and Rio Grande Tap 69 kV, similar o Alternative 7. In addition, a second
San Luis 115-69 kV transformer and a second Alamosa Terminal 115-89 kV transformer
are modeled, as well as line uprates of the Ansel-San Luis, Alamosa Steam-Mosca, and
Rio Grande Tap-Sargent 89 kV lines. These lines were assumed to be reconductored with
397.5 MCM conductor, Alternative 12 was studied with no local San Luls Valley generation
on-line. Aiternative 12 modeled the worse of metered load power factors or 0.95. This
resulted in system normal overloads that were not apparent when uniform power factors
were modeled. The system normal power flow plot is in Appendix 12,

The system nommal criteria violations were not revealed until the metered power factor data
was made available. The system normal case indicates that additiona! capacitors are
required for this aiternative to fully satisfy reliability criteria.
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Alternative 12 Contingency Analysis Summary

Load Lavel = 144 MW PSCo/liC Losses = 153/172 MW
Power Factor = Actual SLV Generation = 0 MW Load Model = Actual
Systemn State High & Low Voltages ' Overloads
System Normal Fort Gartand 69 kV Bus = (.88 p.u. Almisa Tm 115-13.2 xfmr 4 = 130% {6.9)

Mirage Junciion 69 kV = 0.85 p.u, Almsa Tm 115-13.2 xtme 2 = 152% (8.9)
Seguache 69kV Bus = 0.8d4 p.u. Carmel N 69-12.5 kV xfrr = 80% (7.5)
Ban Acacio 68 kV Bus = 0.95 p.u. Center £ 68-12.56 KV xfmr = 86% (7.5)
Zinzer 89 KV Bus = 0.85 p.u, Del Norte §9-25 kV xfmr = 95% (4.5)

Ft. Garfand 69-25 kV xfmr 3=113% {8.9)
F{ Garfand 69-25 kV xfrr 2=85% (4.1}
Home Lake 68-25 kV xfmr = 86% (6.3)
Hoopar 68-12.5 kV xfmr = §3% (7.5)
LaGarita §9-12.5 KV xfmr = 80% {10}
Mosca B9-13.2 KV ximr = 108% (1.1)
Plaza 69-12.5 KV xfmyr = 85% (2.9)
Pencha 115-25 kY xfmir = 101% (12)
Rio Grands 69-25 kV xfmr = 87% (5.0}
Romeo 68-13.2 kV xfmr 5 107% (5.0)
Saguache 89-13.2 KV xfmr = 103%(3.0)
Stanley 115-12.5 kV xdinr = 103% (10}

Qulages cases ware nol run because of
the inadequacies of the System Nomal
casa. Further alternative development
is required.
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Alternative 13 Contingency Analysis
Burro Canyon-San Luis 230 kV Line Addition
Burro Canyon 90-120 MW Generator
Reglonal 68 kV Line Uprates
Alamosa Steam Capacitor Addition
Rio Grande Tap Capacitor Addition

Load Level = 144 MW SLV Generation = 0 MW

The following power flow summary is for Alternative 13, which adds a San Luis-
Walsenburg 230 kV line, a second 230-115 kV San Luls transformer, and capacitors at
Alamosa Steam and Rio Grande Tap 69 kV, similar to Alternative 9. In addition, 120 MW
of generator is added at Burro Canyon, a second San Luis 115-69 kV transformer and a
second Alamosa Terminal 115-89 kV transformer are modeled, as well as line uprates of
the Ansel-San Luis, Alamosa Steam-Mosca, and Rio Grande Tap-Sargent 89 kV lines.
Alternative 13 was studied with no local San Luis Valley generation on-line. The loads
utilized metered load power factors, although no load power factors better than 0.95 were
modeled. The attached summary indicates the results of cases that modeled the actual
load characteristic of the region's load, developed by LOADSYN, and at actual individual
load power factors or 0.95 lagging power factors, whichever is worse. The system normal
power flow plot is in Appendix 13,

The system normal criteria violations were not revealed until the metered power factor data
was made available. The system normal case indicates that additional line uprates are
required for this alternative to fully satisfy reliability criteria.
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Alternative 13 Contingency Analysis Summary

Load Level = 144 MW PSCo/UC Losses = 168/170 MW
Power Factor = Actual SLV Generation = 0 MW L.oad Model = Actual
System State High & Low Voltages Overloads
System Normal Fort Garland 69 kV Bus = 0.80 p.u. Almsa Tm 115-13.2 xfmy 1 = 127% (8.9}
Saguache 9KV Bus = 0.94 p.u, Almsa Tm 115-13.2 xfmy 2 = 148% (8.8}

Carmel N 69-12.5 kV xfmr = 88% {7.5)
Center E 63-12.5 KV xfmr = §5% (7.5)
Del Norte 63-25 kV xfimr = 95% (4.5)

Ft Garand 69-26 kV xfmr 3=111% (8.9}
Ft Garand 69-25 kV xfmr 2=83% (4.1}
Home Lake 69-25 kV xfmy = 85% {6.3)
Hooper 69-12.5 kV xfmr = 94% (7.5}
Mosca §9-13.2 ¥V xfmr = $07% {1.1)
Plaza 68-12.5 kV xdmr = 85% {2.5)
Poncha 115-26 kV xfmr = 100% (12)
Rio Grande 88-25 kV xfror = B7% (5.0}
Romeo §9-13.2 kV xtmr = 103% (5.0}
Saguache 68-13.2 KV xfrar = 102%(3.0)
Stanley 116-12.5 KV xfmir = 102% (10)

Ouiages cdses were not run because of
the inadequacies of the Systern Nompat
case. Further alternative development
is required,
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~ Alternative 14 Contingency Analysis
Burro Canyon-San Luis 230 kV Line Addition
Burro Canyon 60 MW Generator
Regional 69 kV Line Uprates
Alamosa Steam Capacitor Addition
Rio Grande Tap Capacitor Addition

Load Level = 144 MW SLV Generation = 0 MW

The following power flow summary is for Alternative 14, which adds a Burro Canyon-San
Luis 230 KV line, a second 230-115 kV San Luis transformer, and capacitors at Alamosa
Steam and Rio Grande Tap 68 kV, similar to Alternative 10. In addition, 60 MW of
generation is added at Burro Canyon, a second San Luis 115-69 kV fransformer and a
second Alamosa Terminal 115-69 kV transformer are modeled, as well as line uprates of
the Ansel-San Luis, Alamosa Steam-Mosca, and Rio Grande Tap-Sargent 69 kV lines.
Alternative 14 was studied with no local San Luis Valley generation on-line. The loads are
modeled with metered power factors or 0.95 lagging power factors, whichever is worse.
The system normal power fiow plot Is in Appendix 14,

The results of the these cases indicate that some additional capacitance Is required on the
69 KV system, to fully comply with the reliability criteria. The system normal criteria

violations were not revealed until metered power factor data became available.
Contingencies were not simulated because of the inadequacies of the system normal case.
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Alternative 14 Contingency Analysis Summary

Load Level = 144 MW PSColUC Losses = 155171 MW
Power Factor = Actuat SLV Generation = 0 MW Load Model = Actual
System State High & Low Voltages Overloads
Systern Normal Fort Garland 69 kV Bus = 0.90 p.u. Almsa Tm 115-13.2 xfmr 1 = 128% {6.8)
Saguache 69 kV Bus = 0.84 p.u. Almsa Tra 115-13.2 xfme 2 = 149% {8.8)

Cameal N 69-12,8 KV xfmr = 88% (7.5)
Center E 89-12.5 KV ximy = 86% (7.5)
Del Norle §9-25 kV xfinr = 85% (4.5)

Ft Garfand 69-25 kV xfmr 3=112% (8.9)
Ft Garland 69-25 kV xfmr 2=84% {4.1)
Home Lake 69-25 KV xtmr = 86% (6.3)
Haooper 69-12.5 KV xfmr = 94% (7.5)
Mosca 69-13.2 kV .xfmr = 107% (1.1)
Plaza 69-12.5 kV xfmr = B4% (2.5)
Poncha 115-25 kV xfmr = 100% (12)
Rio Grande 69-25 kV xfmr = 7% (5.0)
Romeo 68-13.2 kV xfmr = 102% (5.0)
Seguache 69-13,2 KV ximr = 102%(3.0)
Slanley 115-12.5 kV xtmr = 102% (10)

Culages cases were nol run becausa of
the inadequacias of the System Nermal
case. Further aftemative devalopment
is requlred.
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Altarnative 15 Contingency Analysis
Burre Canyon-San Luis 230 kV Line Addition
Burro Canyon 30 MW Generator
Regional 69 kV Line Uprates
Alamosa Steam Capacitor Addition
Rio Grande Tap Capacitor Addition

Load Level = 144 MW SLV Generation = 0 MW

The following power flow summary is for Alternative 15, which adds a San Luis-
Walsenburg 230 kV line, a second 230-115 kV San Luis transformer, and capacitors at
Alamosa Steam and Rio Grande Tap 69 kV, similar to Alternative 11. In addition, 30 MW
of generation is added at Burro Canyon, a second San Luls 115-69 kV transformer and a
second Alamosa Termihat 115-89 KV transformer are madeled, as wall as line uprates of
the Ansel-San Luis, Alamosa Steam-Mosca, and Rio Grande Tap-Sargent 69 kV linas.
Alternative 15 was studied with no local San Luis Valley generation on-line. The loads are
modeled with metered power factors or 0.95 lagging power factors, whichever is worse.
The system normal power flow plot is in Appendix 15.

The resuits of the these cases indicate that some additional capacitance is required on the
69 kV system, to fully comply with the reliability criteria. The system normal ciiteria

violations were not revealed untii metered power factor data became available.
Contingencies were not simulated because of the inadequacies of the system normal case.
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Alternative 15 Gontingency Analysis Summary

f_oad Level = 144 MW PSCo/MC Losses = 154171 MW
Power Factor = Actual SLV Generation = 0 MW Load Model = Actual
System State High & Low Voltages Qverivads
System Normat Fort Gadard 69 kV Bus = 0,92 p.u, Almsa Tm 115-13.2 xfmr 1 = 130% (8.8)

Almsa Tm 115-13.2 xfmr 2 = 151% (8.9)
Carmel N 68-12.5 kV ximr = 80% {7.5)
Center E 69-12.5 kV xfmr = 86% (7,5)
Dal Norte 89-25 kV xfmr = 85% (4.5}

Ft Garland 69-25 kV xfmr 3=113% (8.9)
Ft Garland §8-25 kV xfmr 2=84% (4.1)
Home Lake 68-25 kV xfmr = 85% (6.3)
Hooper 66+12,5 KV xfmr = 95% (7.5)
Mosca £9-13.2 KV xfmr = 108% {1.1}
Plaza 68-12.5 kV ximr = 85% (2.5)
Poncha H5-25 KV xfmr = 101% (12)
Rio Grande 69-25 kV xfmr = 87% (5.0)
Romeo 68-13.2 kV ximr = 105% (5.9)
Saguache 89-13.2 kV ximr = 103%(3.0)
Stanlay 115-12.5 kV xfmr= 103% {10}

Qutages cases were not run because of
{he inadequacles of the Syslem Normat
case. Further aitemative developmaent
is requiréd.
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Alternative 16 Contingency Analysis
San Luis-Walsenburg 230 kV Line Addition
Regional 69 kV Line Uprates
Regional Capacitor Additions

Load Level = 144 MW SLV Generation = 0 MW

Alternative 16 models sufficient capacitor devices to meet reliability criteria with metered
power factor data, and it is the preferred aiternative of this report. This alternative meets
all reliability criteria at the lowest overall cost, of those altematives that were studied. The
total cost of implementing this alternative Is estimated to be $21,711,100. The cost
estimate details are in Appendix T.

The system additions include a San Luis-Walsenburg 230 kV line, a second 230-115 kV
San Luis transformer, a second Walsenburg 230-115 kV transformer, and capacitors at
Alamosa Steam, Antonito, Del Norte, Fort Garland, and Home Lake. Except for more
extensive capacitor additions, this alternative is similar to Alternative 12. in addition, a
second San Luis 115-69 kV transformer and a second Alamosa Terminal 115-69 kV
transformer are modeled, as well as fine uprates of the Ansel-San Luis, Alamosa Steam-
Mosca, and Rio Grande Tap-Sargent 62 kV lines. Alternative 16 was studied with metered
power factors or 0.95 lagging power factor, whichever is worse, and no local San Luis
Valley generation on-line. The resuits of the Alternative 16 contingency analysis are
summarized on the following page. Power flow and voltage stability plots are in
Appendix 186.

The results of the these cases Indicate acceptable results at a regional load levet of
144 MW, with an uprate of the Home Lake-Rio Grande Tap 69 kV line. This contingency
analysis also demonstrates that the Home Lake capacitors are not necessary. The voltage
stability criteria require a voltage collapse assessment without the availability of the single
most critical VAr source. This assessment was made presuming that one 15 MVAr
capagitor, recommerided for addition, was unavailable. The results of the voltage stability
analysis indicate that the nearest single contingency point-of-collapse is 163 MW, for an
outage of the San Luis-Walsenburg 230 kV line. The study’s voltage collapse criteria
allows the region's load to be as high as 155 MW, with a 163 MW point-of-collapse.
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Alternative 16 Contingency Analysis Summary

Load Lavel = 144 MW
Pawer Factor = Actual

SLV Generation = 0 MW

PSCo/UC Losses = 155/172 MW
Load Model = Actuat

System State

High & Low Voltages

Overloads

System Nommal
SLV Load @ Pi. of Collapse = 210 MW

Antonito 68 kV Capacitor = 6 MVAr
D] Norde 69 kV Capacitor = 3 MVAr
Ft Garland 69 kV Capaciter = 24 MVAr
Saguache 69 kV Capacitor = 8 MVAr

17 Load transformers > 80% of rating

Alamosa Steam-Alarnosa Terminal 62 Alamosa 8t 83 kV Gapacitor = 16 MVAr None
kV Line Qutage Ft Garlard 63 kV Capacitor = 30 MVAr
Alamosa Term 145-89 kV xfmr Quiage None None

Alamosa Termn-San Luis 115 KV Outage
SLV Load @ PL of Coliapse = 172 MW

Alamosa S1 69 kV Capacitor = 29 MVAr
Antonito 69 KV Capacitor = 13 MVAr
Ft Gatland 69 kV Capacitor = 30 MVAr

Home L%-R Grande Tap 689 = 111% {44)

Comanche-Walsenburg 230 kV Line Nona Nong
Curacanti-Poncha 230 kV Line Qutage None Blue Mesa-Skito 116 kV = 118% (100)
Gunnison-Skito 115 kV = 105% (100)

Gunnisan-Poncha 116 kV Line Oufage None Biue Mesa-Curecant] 115= 110% (100)
Midway-Poncha 230 kV Line Quiage Nons None

Poncha-San Luls 230 kV Lina Qutage Del Norte 69 kV Capacitor = § MVAr None

SLV Load @ Pt. of Collapse = 176 MW

Pontcha-Sargent 115 kV Lina Outage None None

Rio Grande Tap-Sargent 115 KV Oulage | Del Norte 63 KV Capacilor = 10 MVAr None

San Lufs 115-69 kV xfmr Outage None None

San Luis-Walsenburg 230 &V Qutage None None

SLV Load @ Pt. of Collapse = 183 MW"
Sargent 115-69 KV Transformer Outage | Del Nosle 69 kV Capacitor = 8 MVAr None

Stuck Poncha CB 386

Blue Mesa-Skito 115 kV = 120% (100)

Midway-Péncha 230 kV Line &
Poncha-San Luls 230 kV Lina Outage

Curecanti-Poncha 230 kV Line & None Guonison-Skite 116 kV = 107% (100)
Midway-Poncha 230 KV Line Quiage

Stuck Poncha CB 586 None Blue Mesa-Skita 116 kV = 120% (100)
Curecanll-Poncha 230 kV Line & Gunaiison-Skita 115 kV = {07% (100)
Poncha-San Luis 230 kV Line Outage

Stuck Poncha CB 1186 None Biue Mssa-Skilo 115 kV = 120% (100)

Gunnison-Skito 115 KV = 107% (100)

* . The sysiem normal polnt-of-collapse, previously datermined for the exfsting system, with the actual load model, & 0.95 power lactar.
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Alternative 17 Contingency Analysis
Burro Canyon-San Luis 230 kV Line Addition
Burro Canyon 120 MW Generator
Regional 69 kV Line Uprates
Regional Capacitor Additions

Load Level = 144 MW SLV Generation = 0 MW

Alternative 17 models sufficient capacitor devices to meet reliability criteria with metered
power factor data, and, although not the preferred aiternative of this report, it does meet
reliability criteria. The primary reason that this alternative is not the preferred alternative
is because the transmission costs are $640,000 higher, and the added uncertainty of the
net costs relating to the generation. The generation must run to meet reliability criteria, but
the need for another generation resource in the region does not exist, at this time. The
total transmission cost of implementing this alternative is estimated to be $22,351,100.
The cost estimate details are in Appendix T. Generation costs are detailed in Appendix B.

The system additions include a Burro Canyon-San Luis 230 kV line, a second 230-115 kV
San Luis transformer, a Burro Canyon 230-115 kV transformer, and capagcitors at Alamosa
Steam, Antonito, Del Norte, Fort Garland, and Home Lake. Except for more extensive
capacitor additions, this alternative is similar to Alternative 13. In addition, a second San
Luis 115-69 kV transformer and a second Alamosa Terminal 115-89 kV transformer are
modeled, as well as line uprates of the Anse!l-San Luis, Alamosa Steam-Mosca, and Rio
Grande Tap-Sargent 69 kV lines. Altemnative 17 was studied with metered power factors
or 0.95 lagging power factor, whichever is worse, and no local San Luis Valley generation
on-line. The results of the Alternative 17 contingency analysis are summarized on the
following page. Power flow and voltage stability plots are in Appendix 17.

The results of the these cases indicate acceptable results at a regional load level of
144 MW, with an uprate of the Home Lake-Rio Grande Tap 69 kV line. This contingency
analysis also demonstrates that the Home Lake capacitors are not necessary. The voltage
stability criteria require a voltage collapse assessment without the availability of the single
most critical VAr source. This assessment was made presuming that one 15 MVAr
capacitor, recommended for addition, was unavailable. The results of the voltage stability
analysis indicate that the nearest single contingency péint-of-collapse is 152 MW, for an
outage of the Poncha-San Luis 230 kV line. The study's voltage collapse criteria allows
the region’s load to be as high as 144 MW, with a 152 MW point-of-collapse.

05

TSGT 000109



Alternative 18 Contingency Analysis
Burro Canyon-San Luis 230 kV Line Addition
Burre Canyon 80 MW Generator
Regional 69 kV Line Uprates
Regional Capagitor Additions

Load Level = 144 MW SLV Generation = 0 MW

Alternative 18 modeis sufficient capacitor devices to meet reliability criteria with metered
power factor data. This alternative fails to mest single contingency voltage collapse
criteria, with a 15 MVAr Fort Garland capacitor, recommended for addition, unavailable,
The point-of-collapse for an outage of the Poncha-San Luis 230 kV line, with a 15 MVAr
Fort Garland capacitor unavailable, is 136 MW. This is insufficient to meet the targsted
2006 regional load of 144 MW. As the power flow results indicate, if the recommended
Fort Garland 15 MVAr capacitor were available, the 136 MW point-of-collapse would
increase to a level above sufficient to support the 144 MW regional load level.

The fine details were not studied, since this is not the preferred alternative of the report.
However, this is the basis for requirinig a minimum of 60 MW to be on-fine at Burro Canyon,
and for specifying that the Burro Canyon generation needs to be betwean 90 and 120 MW,
distributed in at least two units.

The system additions include a Burro Canyon-San Luis 230 kV line, a second 230-115 kV
San Luis transformer, a Burro Canyon 230-115 kV transformer, and capacitors at Alamosa
Steam, Antonito, Del Norte, Fort Garland, and Home Lake, Except for more extensive
capacitor additions, this alternative is similar to Alternative 14. In addition, a second San
Luls 115-69 kV transformer and a second Alamosa Terminal 115-69 kV transformer are
modeled, as well as line uprates of the Ansel-San Luis, Alamosa Steam-Mosca, and Rio
Grande Tap-Sargent 69 kV lines. Alternative 18 was studied with metered power factors
or 0.95 tagging power factor, whichever Is worse, and no local San Luis Valley generation
on-line. The results of the Alternative 18 contingency analysis are summarized on the
following page. Power flow and valtage stability plots are in Appendix 18.
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Alternative 18 Contingency Analysis Summary

Load Level = 144 MW
Power Factor = Actual

SLV Generatlion = 0 MW

PSCofUC Losses = 156/171 MW

Load Model = Actual

System State

High & Low Voltages

Gverioads

Systam Nermal
SLV Load @ Pt. of Collapse = 209 MW

Antoritte 89 kV Capacitor = 5 MVAr
Del Norte 69 kV Capaciter = 3 MVAr
F{ Garland 69 kV Capacitor = 23 MVAr

16 Load lransformers > 80% of rating

Alamosa Steam-Alamosa Terminal 69 Alamosa St 89 KV Capacitor = 14 MVA! None
kV Line Outage Ft Garland 69 kV Capacitor = 28 MVAr -
Alamosa Term 115-83 kV xfme Oulage None None

Alamosa Term-San Luis 115 KV Outags
SLV Lead @ Pt of Collapss = 170 MW

Alsmaosa St 69 kV Capacilor = 27 MVAr
Antonito 68 kV Capaciior = 13 MVAr
Ft. Garland 62 kV Gapacitor = 29 MVAr

Home Lk-R Grande Tap 69 = 108% (44)

Comanche-Walsenburg 230 kV Line None None
Curecanti-Poncha 230 kV Line Qutzge None Blue Mesa-Skito 115 KV = 118% {100}
Gunnison-Skite 115 kV = 103% {(100)

Gunnisen-Poncha 115 kV Line Outage MNone Blue Mesa-Curecanti 115= 111% (100)
Midway-Poneha 230 kV Line Outage None None

Peoncha-San Luig 230 RV Line Outage Deal Norle 69 kV Capacitor = 10 MVAr None

SLV Load @ P1. of Collapse = 136 MW

Poncha-Sargent 115 kV Line Outage None . None

Rio Grande Tap-Sament 115 kV Outage | Dsl Norté 69 kV Capacitor = 10 MVAr None

San Luis 11569 kV xfmr Gutaga_ None Neone

Sargen! 11569 KV Transformer Outage | Det Norte 69 kV Capacitor = 8 MVAT Nene

Burro Canyon 230-115 KV = 118% (100)

Poncha-San Luis 230 kV Line Qutage

Burro Ganyon-San Luls 230 kV Qutage None

SLV Load @ Pt. of Collapse = 153 MwW*

Stuck Poncha CB 386 Blua Mesa-Skito 115 kV = 120% {100}
Curecantl-Poncha 230 kV Line & None Gunnison-Skilo 115 kV = 108% (100)
Midway-Poncha 230 kV Line Quiage

Stuck Poncha CB 636 Biue Mesa-Skito 115 KV = 120% (100}
Curecanti-Poncha 230 kV Line & None Gunnison-Skito 115 KV = 107% {100}
Poncha-San Luis 230 kV Line Qutage . ‘

Stuck Poncha CB 1188 Blue Mesa-Skito 115 kV = 120% (100}
Mldway-Poncha 230 kV Line & None Gunnalson-Skite 115 kV = 107% (160)

" The syslem riermal peinl-of-collapse, previously determined for the existing system, with the actual ioad model, & 0.95 power factar,
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Alternative 19 Contingency Analysis
Burro Canyon-San Luis 230 kV Line Addition
Burro Canyon 30 MW Generator
Regional 69 kV Line Uprates
Regional Capacitor Additions

Load Level = 144 MW SLV Generation = 0 MW

Alternative 18 models sufficient capacitor devices to meet reliability criteria with metered
power factor data. This aiternative falls to meet single contingency voltage collapse
criteria, with a 15 MVAr Fort Garland capacitor, recommended for addition, unavailable.
The point-of-collapse for an outage of the Poncha-San Luis 230 kV line, with a 15 MVAr
Fort Garland capacitor unavailable, is 126 MW. This is insufficient to meet the targeted
2006 regional load of 144 MW. As the power flow results indicate, if the recommended
Fort Garland 15 MVAr capacitor were available, the 136 MW point-of-collapse would
increase to a level above sufficient to support the 144 MW regional load lavel,

The system additions include a Burro Canyon-San Luis 230 kV line, a second 230-115 kV
San Luis transformer, a Burro Ganyon 230-115 kV transformer, and capacitors at Alamosa
Steam, Antonito, Del Norte, Fort Garland, and Home Lake. Except for more extensive
capacitor additions, this alternative is similar to Altemnative 15. In addition, a second San
Luis 115-69 kV transformer and a second Alamosa Terminal 115-69 kV transformer are
modeled, as well as line uprates of the Ansel-San Luls, Alamosa Steam-Mosca, and Rio
Grande Tap-Sargent 69 kV lines. Alternative 19 was studied with metered power factors
or 0.95 lagging power factor, whichever is worse, and no local San Luis Valley generation
on-line.. The resulis of the Alternative 18 contingency analysis are summarized on the
following page. Power flow and voltage stability plots are in Appendix 19.

a9

TSGY 000112



Alternative 18 Contingency Analysis Summary

Load Level = 144 MW
Power Factor = Actyat

SLV Generation = 0 MW

PSCo/UC Losses = 155/171 MW

Load Model = Actual

System State

High & Low Voltages

Overloads

Syslem Nomat
SLV Load @ Pt. of Collapse = 205 MW

Antonito 63 KV Capacitor = 6 MVAr
Del Norte 69 kV Capacitor = 3 MVAr
Ft Garland 69 kV Capacitor = 23 MVAr

17 Load transformers > 80% of raling

Alamosa Steam-Alamosa Terminal 69 Alamosa St 69 kV Capacitor = 16 MVAr None
kV Line Outage Ft Garland 89 kV Capacitor = 28 MVAr
Alamosa Term 115-69 kV xfmr Dutage None None

Alamosa Term-San Luls 115 kV Quiage
5LV Load @ PL of Collapse = 167 MW

Alamosa St 88 kV Capachor = 28 MVAT
Antonite 69 KV Capacitor = 13 MVAr
Ft. Garland 89 kV Capacior = 29 MVAr

Home Lk-R Grande Tap 68 = 110% (44)

Comanche-Walsenbirrg 230 kV Line MNone None
Curecanli-Poncha 230 kV Line Oulags Nona Blue Mesa-Skito 115 kV = 118% {100)
Gunnlson-8kito 115 KV = 105% {100)
Gunnison-Poncha 115 kV Line Gulags None Blue Mesa-Curecanti 115= 110% (100)
Midway-Poncha 230 KV Line Outage None None
Ponchza-San Luis 230 kV Ling Qutage Buiro Canyon Capaciter = 15 MVAr None
SLV Load @ Pt. of Collapse = 126 MW Del Norte 69 kV Capacitor = 13 MVAr
Ft Garland 68 kV Capacitor = 28 MVAT
Home Lake 68 kV Capacitor = 8 MVAr
Poncha-Sargent 116 kV Line Outage None None
Rio Grande Tap-Sargent 116 KV Owtage | Del Norts 89 kV Capacitor = 10 MVAr None
San Luls 11589 kV xfimr Outage None Nene
Sargen! 115-60 KV Transformer Outage | Del Norte 69 kv Capacitor = 8 MVAr Nons

Burré Canyon-San Luis 230 kV Oufage
SLV Load @ Pi. of Coliapse = 153 MW

Def Norte 69 kV Capacitor = 8 MVAr

_Burro Canyon 230-115 k¥ = 118% (100)

Stuck Poncha CB 386

Blue Mesa-Skito 115 kV = 125% (100}

Pancha-San Luls 230 kV Line Oulage

Curacanti-Poncha 230 kV Line & None Gunnison-SKito 116 kV = 112% (100)
Midway-Poncha 230 KV Line Outage

Stuck Poncha CB 588 Biue Mesa-Skito 118 kV = 124% (100)
Curecanti-Poncha 230 XV Lirie & None Gunnison-Skite 115 kV = 111% (100}
Poncha-San Luls 230 kV Line Gutags

Stuck Poncha CB 1186 Blue Masa-Skite 115 kV = 124% (100}
Midway-Poncha 230 kV Lina & Kone

Gunnlson-Skito 118 KV = 111% {100)

*  The system nomnal p'oint-ofcuﬂapse, previously determined for the existing system, with the actuaticad modal, & 0.85 power fadior.
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APPENDIX 1-Altamnalive 1, Pagosa-Ramen 115 kv Line, Power Flow Plots
APPENDIX 2--AHarnative 2, Leke City-Ramon 115 kv Line, Powar Flow Plots
APPENDIX 3--Alternalive 3, Burro Canyon-San Luls 230 kv Line, Burro Canyon
Ganeration = g, Power Fiow Plots

APPENDIX 4--Aftarnative 4, San Lufs-Walsenburg 230 kV Line, Power Flow
Plols

APPENDIX 8-Alternative 5, Dispersed SVC Davices, Power Flow Plois

Allernative 6, Burro Canyon-SanLuis 230 KV Lirs, Burro Canyon
Generation: 120 MW, Power Flow Plots

APPENDIX 7--Alternative 7, San Luls:Walsenbuig 236 kV Line, Capacitor
Additlans, Power Flow Piots

APPENDIX 8--Alternative 8, San Luis-Walsenburg 230 KV Line, San Luls-
Waverly 115 kV Lina, Power Flow Piots

APPENDIX 9-Allernalive 6, Burro Canyon-San Luls 230 KV Line, Buro Canyon .
Generation = 120 MW, & Hor Additions, Power Flow Plots

APPENDIX 10--Allernative 10, Burro Canyon-San Luis 230 kV Line, Burio
Canyen Generaflon = 60 MW, Capacitor Additlons, Power Flow Plots
APPENDIX 11-AHemativa 11, Bumo Canyon-San {uls 236 KV Une, Burro

Canyon Gensralion = 30 MW, Capacitor Additions, Powar Elow Plots

APPENDIX 12--Altsmative 12, San Luls-Walsenburg 230 kV Line, Capacitor
Addilions, Line Uprates, Actual Power Faclors, Power F low Plot

APPENDIX 13-Altemnative 13, Burro Canyon-San Luls 230%V Line, Bumro
Canyo neration Bp‘:iro MW, Capacitor Addiions, Lina Uprates, Actual Power

asln £\

APPENDIX 14-Altemative 14, Barro Canyon-San Luis 336 KV Line. Buwra
Canyon Generalion 16& MW, Capacitor Adddions, Line Uprates, Attual Power

APPb] 15--Altemative 15, Burro Canyon-San Luts 230 KV Line, Burro
Canyon Geaners %O'MW. Capacitor Additions, Line Uprates, Actual Power

malive 16, San Luls-Walsenburg 230 KV Line, Capacitor
prates, Meaned Power Faclors, Powsr Flow & PV Plots,

APPENDIX 17-Altémnalive 17, Burre Canyon-San Luls 220 kY Line, Burro

Canyon Genaration = 120 MW, ,Ca%acitor Additions, Lina U,u];ates. Metered
~-Powee Factors; Power-Flow & P-V.Plots, ACCEPTABLE ALTERNATIVE r.venr e -

APPENDIX 18-Afternativa 18, Burro Can on-San Luls 230 kV Lins, Bua

Cagt%on Generalion = 60 MW, Capacitor Additions, Line Uprates, Meterad Power
-~ Fadlors, PowerFiow & PV Plols - s e e
APPENDIX 19-Alernative 19, Burro Canyon-San Luis 230 kY Line, Burre
Canyon Generalion = 30 MW, Capacitor Additions, Line Uprates, Melered Power

aciots; Powsr-Fiow &Pty -
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APPERDIX A-Power Flow Base Cass Printout

APPENDIX B-Generation Cost Estimates

APPENDIX G-WSCG Refiabilfty Criterla

APPENDIX D--LOADSYN Printouts

APPENDIX E-Voftage Siability Bibliography

APPENDIX F--Existing Systam, Constant MVA, Power Flow & P-V Plols

AFPENDIX G«Exisllng System, Conslant Z, Power Flow & P-V Plots

APPENDIX H--Existing System, Constant I, Power Fiow & P-V Plots

APPENDIX 1--Existing System, LOADSYN Synthasized Loads, Power Fiow &
P-V Piats, 1.00 Power Factor

APPENDIX J-Existing System, LOADSYN Synlhesized Loads, Powér Flow &
P-¥ Plots, 0.95 Lagging Power Faclor

APPENDIX K--Existing System, LOADSYN Synthesized Loads, Power Flow &
P-V Plots, 0.80 Lagging Power Factor

APPENDIX L-Existing System, LOADSYN Synthesized Loads, Power Flow &
P-V Plots, 0.85 Lagging Power Factor

APPENDIX #M-Existing System, LOADSYN Syniheslzed Loads, Power Flow
& P-V Plots, 0.80 Lagging Power Factor

APPENDIX N-Existing System, Constant MVA Load Models (@ 69 kV),
] __Load—‘i‘ap-changtng:‘gharacierlsﬁcs Ignored, P-V Flots

e e e et e e e ]

APPENDIX O-Existing System, Constant MVA Loads, Local San Luls Valjey
_Ganevration = 36 MW, Pawer Flow & P-V Piots

APPENDIX P-Existing System, LOADSYN Synthesized Loads, Locat San
Luis Valtey Generafion = 36 MW, Power Flow & P-V Plots

APPENDIX Q--Existing System, Constant MVA Loads, 1.00 Pawer Faclor,
Tot &= 1089 MW, Power Flow Plots

APPENDIX R--Existing System, Constant MVA Loads, San Lujs Valley Light
Loads (20 MW). Power Flow Plofs

APPENDIX S--Existing System, LOADSYN Synthesized Loads, San Luls
Vallay Light Loads (20 MW), Power Flow Plots

APPENDIX T-Cost Eslimale Dala

APPENDEX U-Oplirmal Alamosa Terminal Generation Level, Pewsr Flow Plols

APPENDIX V—San Luls Valley Reglonal Generation Data
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