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Executive Summary

This study examines the impact to the transmission system of adding 190 MW of
new wind generation to the SPS transmission system. This generation is located in the
Panhandles of Texas and Oklahoma. All of the generation is intended for connection to
distribution level buses, with the exception of JD4.

Southwest Power Pool 2006 Aggregate Study 3 models were used for this analysis.
These models were modified by the addition of distribution level buses at the wind
generator locations and by the addition of the wind generators themselves. In addition,
new generation was modeled to represent the Hobbs generation facility near Hobbs,
New Mexico.

Models for the following seasons were represented: 2007 Summer, Fall, Winter,
2008 Summer & Winter, 2011 Summer & Winter. The modified models were analyzed
based on the standards represented in NERC standards TPL-001-0 and TPL-002-0.

The results of this analysis show that some equipment is exposed to thermal
overloads during certain contingency conditions. Table 1 — Thermal Violations /
Upgrades lists this overloaded equipment, along with the extent of the overload, an
estimated cost and an estimated lead time for upgrade.

Table 1 — Thermal Violations / Upgrades

Overloaded Facility % Load Est. Cost Est. Lead Time

Osage — Canyon E — Canyon W 115kV lines 116% $6.1MM 12 mths
(Rebuild/Reconductor ~19 miles of 115kV Line to 146/161 MVA)

Randall — Palo Duro — Happy 115kV Line 109% $11.3MM 12 mths
(Rebuild/Reconductor ~35.3 miles of 115kV Line to 146/161 MVA)

Deaf Smith 230/115kV Transformer 101.4% S5 MM 20 mths
(Upgrade 2 transformers to >=252 MVA rating)

Plant X 230/115kV Transformer 105.2% $3.5MM 20 mths
(Add 2" 252 MVA transformer)

Lea PP Hobbs 230 / 115kV Transformer 130.1% $2.5MM 20 mths
(Add 2™ 168 MVA Transformer)

Max Lead Time / Total Est. Cost $29.5MM 20 mths

The time estimates above are based on the assumption that a Texas PUC CCN will
not be necessary. The cost estimates are based on SPP generic costs, and not on
detailed engineering estimates prepared by SPS.

There is a potential to defer the transformer upgrades at Plant X and the Hobbs
plant by redispatch of generation during certain conditions. It is possible to redispatch in
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order to defer the Deaf Smith transformer conditions; however this requires a much more
extensive solution than the other two transformer upgrades.

No voltage violations were identified that required physical upgrades.

Absent system upgrades to relieve the above thermal limitations, wind generation
must be curtailed. Table 2 delineates the allowable wind generation import by season.

Table 2 - Wind Generation Import Limit by Season

Season Wind Generation Import Limit

2007 Summer Peak 0 MW

2007 Fall 10 MW
2007 Winter 20 MW
2008 Summer 10 MW
2008 Winter 40 MW
2011 Summer 120 MW
2011 Winter 60 MW

One option for strengthening the transmission system is the addition of a 345kV line
between the Potter and Roosevelt Co. substations. This addition was examined as part
of this study. The results show that the thermal violations that limit the import of wind
generation are relieved by this line addition. As a result, wind import levels are above
190MW after the addition of this proposed line.
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Background and Purpose of Study

The purpose of this study is to evaluate the impact to the transmission system of
adding 190 MW of wind generation in the Southwest Public Service system. Specifically,
this study evaluates the potential of adding this generation at the following levels and

locations.
Control | Proposed
Name Int. Type County State |Description Area ISD MW  |Status
Dist. Moore 34.5kV distribution circuit from Texas Co.
JD1 Interconnection County X station. SWPS 12/1/2005 10 Operational
Dist. Texas 34.5kV distribution circuit from Texas Co.
JD2 Interconnection County OK station. SWPS 12/1/2005 10 Operational
Dist. Hansford 34.5kV distribution circuit from
JD3 _|Interconnection County TX Spearman Co. station. SWPS 12/1/2005 10 Operational
IA FULLY
Hansford 6 miles S of TX-OK border, connecting EXECUTED/ ON
JD4 GEN-2002-009 County TX on the Texas Co-Spearman 115kV line. | SWPS 12/15/2006 80 SCHEDULE
34.5kV distribution circuit from Sherman
Dist. Sherman Co. station. Located just 5.5 miles S of
JD5 Interconnection County X Texhoma, TX on highway 54. SWPS 10/4/2005 10 Operational
34.5kV distribution circuit from Sherman
Dist. Sherman Co. station. Located just 1.5 miles S of
JD6 Interconnection County TX Texhoma, TX on highway 54. SWPS 10/30/2006 10 Operational
34.5kV distribution circuit from Etter Received release
Dist. Moore Rural station. Located just W of Sunray, letter from Rita
JD7 Interconnection County X TX. SWPS ? 10 Blanca Co-Op.
34.5kV distribution circuit from Etter
Dist. Moore Rural station. Located just W of Sunray, SPS Engineering
JD8 |Interconnection County TX TX on FM 281. SWPS ? 10 Design
12.5kV distribution circuit from Moore
Dist. Moore Co. station. Located E of Moore Co. SPS Engineering
JD9 Interconnection County TX Plant. SWPS ? 10 Design
34.5kV distribution circuit from Dumas Received
Dist. Moore station. Located just S of Dumas, and W interconnection
JD10 [Interconnection County TX of highway 87/287. SWPS ? 10 application
34.5kV distribution circuit from Dumas Received
Dist. Moore station. Located just S of Dumas, and W interconnection
JD11 [Interconnection County TX of highway 87/287. SWPS ? 10 application
High 13.2kV distribution circuit from Carson
Plains |Dist. Carson County station. Located along FM 2373, SPS Engineering
Wind 1 [Interconnection County X E of Pantex plant. SWPS ? 10 Design

Each of these locations is in the northern part of the SPS system, in the panhandles

of Oklahoma or Texas. Figure 1 gives a graphical depiction of these locations.
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Figure 1 - Wind Generation Locations

For each wind generator noted at a distribution voltage (< 69kV) the SPP models
were modified in the following way:

1. Distribution transformers were added at the indicated bus.

2. A new distribution level bus was modeled on the low-side of the
transformer. Buses 101-112 were used for the distribution level buses.

3. Any load modeled on the transmission level bus was relocated to the
distribution level bus.

4. The generation was modeled on the distribution level bus.

It is recognized that current manufacturing practices for large wind generators
include power factor correction devices in order to offset the inherent poor power factor
of induction generators. Nevertheless, in order to examine the conditions around these
generators in the most reasonable light, the generators were modeled at a 90.9% power
factor, consuming 1 MVAR for each 10 MW produced.

In addition to the wind generation, new generation was modeled at the new Hobbs
generating station near Hobbs, NM. The rating for the Hobbs plant is 504 MW summer
and 602 MW winter. Transmission system modifications were made to the models
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consistent with the SPP Facilities Study for the interconnection of the Hobbs plant. Due
to the relatively low heat rate of this facility, 100% of the output was represented in all
models.

The purpose of the study is threefold:

1. Determine which upgrades would be required to support all 190 MW of wind
generation into the SPS system.

2. Determine the levels of wind generation that can be imported into the SPS
system with no additional upgrades.

3. Determine the effectiveness of a proposed 345kV line between Potter and
Roosevelt substations in increasing import of wind generation.

In order to answer these questions, load flow models of the following seasons, were
analyzed:

e 2007 Summer
e 2007 Fall

e 2007 Winter

e 2008 Summer
e 2008 Winter

e 2011 Summer
e 2011 Winter
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Methodology

At the onset of this study, the SPP had not released 2007 cases. As a result, the
2006 Aggregate Study 3 cases were used.

The Southwest Power Pool (SPP) develops transmission model sets for different
seasons for forward looking years. Specifically, the SPP develops model sets for 6
seasons during year 1, which is the upcoming year (2007). These 6 cases are Spring,
April Minimum, Shoulder, Summer Peak, Fall and Winter Peak. The SPP also develops
summer peak and winter peak cases for year 2 (2008) and year 5 periods (2011).
Finally, the SPP develops a summer peak model set for year 10 (2016).

Each model set contains four scenario models. These scenario models are
developed by the SPP to examine the transmission system under the most stringent
conditions possible, and to limit the effect of any counterflows that have the potential to
understate necessary upgrades. Examination of each of these scenarios ensures that
the transmission system can handle the studied transfer, or generation addition, under
any potential condition. The four scenarios are described by the SPP as below:

1. Scenario 1 maximizes west — east loading through the SPP system.
2. Scenario 2 maximizes east — west loading through the SPP system.
3. Scenario 3 maximizes south — north loading through the SPP system.
4. Scenario 4 maximizes north — south loading through the SPP system.

In addition to the model sets described above, the SPP develops subsystem files,
monitor files and contingency files for use in examining the system.

The SPP Planning Criteria describes the basic system conditions that must exist on
the transmission system in order to ensure orderly operation of the system:

1. For system intact conditions (no contingencies), thermal loading of facilities
must be maintained at or below the “A”, or normal, rating of the equipment.
This is consistent with NERC standard TPL-001-0.

2. For n-1 contingency conditions (generally, outage of a single piece of
equipment), thermal loading of facilities must be maintained at or below the
“B”, or emergency, rating of the equipment. This is consistent with NERC
Standard TPL-002-0.

3. For system intact conditions, bus voltages must be maintained between 95%
and 105% of rated voltage. This is consistent with NERC standard TPL-001-
0.

4. For n-1 contingency conditions, bus voltages must be maintained between
90% and 110% of rated voltage. This is consistent with NERC Standard TPL-
002-0.
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This study uses the 2006 series, update 4 Southwest Power Pool (SPP) models.
The models used are the 2007 Summer, 2007 Fall, 2007 Winter, 2008 Summer and
Winter Peak cases, and the 2011 Summer and Winter Peak Cases. These cases are
modified by the addition of the plant generation and interconnection options for each
location. Additionally, SPP generated subsystem (sub), monitor (mon), and contingency
(con) files were modified as appropriate and used in the study.

Contingencies in the SPS control area, as well as all first-tier (neighboring) control
areas were examined. The entire SPP footprint, and neighboring system to the SPP
footprint, was monitored for violations of the SPP Planning Criteria.

In general, facilities that are in violation of criteria in the base cases are eliminated
from analysis of the study cases.
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Study Limitations

Several factors provide limitations to the study:

1.

The cases used in the study (2006 series, update 4) are based on currently
available information. Between now and the point that a proposed facility
makes a request for interconnection with the Southwest Power Pool RTO,
new system conditions could exist that could affect the results of an
interconnection study, and as a result impact the cost of system upgrades
necessary to relieve criteria violations. Specifically, there is a large queue for
SPP study of new generating facilities. If, in fact, these new facilities are
approved for interconnection and obtain transmission service, the impact on
the transmission system of the new facility could be dramatic.

The scope of this study did not include analysis of the stability of the
transmission system. A system stability analysis can show additional areas
of weakness, particularly as it relates to voltage considerations. A transient
stability analysis performed by the SPP, as part of the SPP Large Generator
Interconnect Process may show additional system upgrades that need to be
completed, including the potential of dynamic voltage support devices.

In the analysis below, it is assumed that facilities overloaded in the base
cases would not prevent a new generating facility from interconnecting to
the grid. In some cases, addition of a new generating facility exacerbates
existing criteria violations. This may, in fact, force some limit on the
operation of these units during certain contingency conditions.

Cost and time estimates are based on the assumption that a Certificate of
Convenience and Necessity (CCN) issued by the Texas Public Utilities
Commission (PUCT) will not be necessary. If, indeed, a CCN is necessary
cost and time estimates will need to be increased.

Cost estimates are based on SPP generic assumptions, not on a detailed
engineering estimate by THEWAY or SPS.
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Upgrades Required for 190MW Wind Import

The wind generation addition does create some thermal overload problems in the
SPS system, particularly in the area around Amarillo, TX. It does not appear that any
new voltage violations occur as a result of the wind addition. Complete results of the
ACCC analysis, for both thermal and voltage overload conditions are contained in Annex
A.

Thermal Conditions

The addition of the wind generation in the northern portion of the SPS system
increases North-South flows in the SPS transmission system. All of the new wind
generation modeled is north of the generation-rich Amarillo area. The addition of the
wind generation increases flows on the 115kV and 230kV lines to the south of Amarillo.
This increase in flows creates conditions that violate the thermal limits of two sets of
115kV lines in the southern Amarillo area. Table 3 lists these overloaded lines and the
maximum amount of overload recognized in the cases examined. In addition, an
estimated cost, assuming total rebuild of each line, as well as an estimated lead time for
upgrade of the overloaded lines is included.

Table 3 — Thermal Line Overloads

Overloaded Facility % Load Est. Cost Est. Lead Time

Osage — Canyon E — Canyon W 115kV lines 116% $6.1MM 12 mths

(Rebuild/Reconductor ~19 miles of 115kV Line to 146/161 MVA)

Randall — Palo Duro — Happy 115kV Line 109% $11.3MM 12 mths
(Rebuild/Reconductor ~35.3 miles of 115kV Line to 146/161 MVA)

Max Lead Time / Total Est. Cost $17.4MM 12mths

In addition to the two import restrictions identified in Table 3, two overload
conditions limit wind import only in the 2007 cases. The addition of the Hobbs generating
unit relieves both of these conditions starting in the 2008 Summer Peak season. Both of
these conditions are located in the Denver City, TX area, and are associated with the
export of power from the Denver City area to the SW towards Hobbs, NM. These lines
are listed in Table 4 below.
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Table 4 - 2007 Only Thermal Line Overloads

Overloaded Facility % Load Est. Cost Est. Lead Time

Denver City N — Mustang N 115kV Line 117.4% $0.9MM 12 mths
(Rebuild/Reconductor ~3 miles of 115kV Line to 146/161 MVA)

Gaines — Tenneco 69kV Line 119.1% $0.5MM 12 mths
(Rebuild/Reconductor ~2.5 miles of 115kV Line to 146/161 MVA)

Max Lead Time / Total Est. Cost $1.4MM 12mths

In addition to the line overloads, two 230/115kV transformers show overloaded
conditions under certain contingencies during summer conditions. For the Deaf Smith
transformer set, upgrades to solve the overloaded conditions would involve replacing
both 150/172 MVA transformers. Since there is only one transformer at Plant X, the
addition of a 2" transformer relieves the overload condition. Table 5 lists these
overloaded transformers and solutions.

Table 5 — Thermal Transformer Overloads

Overloaded Facility % Load Est. Cost Est. Lead Time

Deaf Smith 230/115kV Transformer 101.4% S5 MM 20 mths
(Upgrade 2 transformers to >=252 MVA rating)

Plant X 230/115kV Transformer 105.2% $3.5MM 20 mths
(Add 2" 252 MVA transformer)

LEA PP (Hobbs) 230/115kV Transformer 109.5% $2.0MM 20 mths
(Add 2" 150 MVA transformer)

Max Lead Time / Total Est. Cost $8.5MM 20 mths

Examination of the transmission models reveal that the overload condition at the
Plant X transformer can be relieved, at least temporarily, by the judicious redispatch of
the Plant X generating units. The flow on the Plant X transformer during the identified
overload conditions is from the 230kV bus to the 115kV bus. An alternative to the
addition of a second transformer at Plant X is to increase generation on the Plant X
115kV bus, and reduce generation elsewhere in the system in the cases where the
transformer nears overload. Since the overload appears only in the summer cases, a
redispatch plan may allow the transformer addition to be deferred.

It appears that there may be an opportunity to relieve some of the Deaf Smith
transformer overload conditions by redispatch as well; however, the solution is not as
apparent as the Plant X condition. Generally speaking, an increase in generation in the
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southern part of the SPS system, and a coincident decrease in generation in the
northern part of the system should relieve this condition to some extent.

Voltage Conditions

The raw results of the modeling analysis do indicate that some voltage conditions
needed examination. In particular, areas between Amarillo, TX and Lubbock, TX, as well
as some conditions in the Lubbock, TX area were indicated. Additionally, there were new
conditions indicated in the Roswell, NM area.

Each of the potential voltage violations indicated in the ACCC analysis were further
examined using PSS/E models. For each of the voltage violations indicated as being
exacerbated by the addition of wind generation, the PSS/E models show that the
condition can be allayed by either the switching of existing shunt devices or by the
switching of existing normally open transmission lines.

As a result, no voltage violations created a need for physical upgrades as a result of
the addition of this 190 MW of wind generation.
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Allowed Wind Generation without Additional Upgrades

Once those facilities that limit the import of wind generation were identified, the level
of wind generation that can be imported with no additional upgrades could be
determined. In order to determine this, cases representing each overload condition were
examined using PSS/E. Wind generation was then iteratively reduced until each of the
overload conditions examined was relieved. Table 6 lists the overloads that were
studied. Each case that contained overloads of either of these cases was examined

Table 6 - Overloads Limiting Import

Overloaded Facility

Osage — Canyon E — Canyon W 115kV line

Randall — Palo Duro — Happy 115kV Line

Table 6 does not include the overloads in the Denver City area, since these conditions
are relieved by the addition of the Hobbs generating facility. In addition, the transformer
upgrades identified at Plant X and Deaf Smith are not included.

Table 7 identifies the wind generation import limits by Season. In the large majority
of seasons, the Scenario 4 (High Import) cases limit the import capacity well below the
levels that would be allowed in the other scenarios. Annex B contains a table of
reductions necessary, and subsequent import limit, by season and scenario.

Table 7 - Wind Generation Import Limit by Season

Season Wind Generation Import Limit

2007 Summer Peak oMW

2007 Fall 10 MW
2007 Winter 20 MW
2008 Summer 10 MW
2008 Winter 40 MW
2011 Summer 120 MW
2011 Winter 60 MW
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345KV Line Addition

The final phase of this study was to verify the value of a proposed 345kV line in
relieving the import limitations from wind generation. The proposed line runs from the
existing 345kV Potter substation near Amarillo, Texas to a new 345kV substation located
adjacent to the existing 230kV Roosevelt Co. Substation. The proposed line would
include approximately 130 miles of new 345kV construction, construction of a new
345kV substation at Roosevelt Co., and the addition of a second 230/345kV transformer
at the Potter substation.

Modeling parameters for the new line were based on the existing Tolk — Eddy Co.
345kV line, adjusted for length. Transformer parameters for the new 230kV / 345kV
transformers at Potter and Roosevelt Co. substations were based on the existing Potter
230/345kV transformer. Table 8 contains the line modeling parameters.

Table 8 - Modeling Paramaters for Potter - Roosevelt 345kV Line

Line Voltage 345 kV

Rate A 1355 MVA 2267.564 A
Rate B 1355 MVA 2267.564 A
Conductor Size 2-795 ACSR

Paramaters (/ mile)

R 0.0004933 pu
X 0.0005082 pu
Charging 0.008284 pu
Potter -
Line Name Roosevelt
Line Length 130 mi

Line Paramaters

R 0.064129 pu
X 0.066066 pu
Charging 1.07692 pu

These line and transformer additions were modeled in 2008 summer peak and later
cases. An additional ACCC analysis was then performed. Wind generation was modeled
at a full 190MW. The full results of this analysis are contained in Annex C.

This analysis indicates that the 115kV line overloads south of Lubbock are relieved
by the addition of this 345kV line. Subsequent import levels for wind generation are
190MW for all seasons, after the addition of the 345KV line.
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Conclusions

The results of this analysis indicate that significant strengthening of the 115kV
system between Amarillo and Lubbock is necessary in order to import a full 190MW of
wind generation from the locations studied. In addition, it may be necessary to upgrade
transformers at Plant X and Deaf Smith substations. Finally, upgrades in and around the
new Hobbs generating station are identified. Table 9 lists each of the facilities indicated
as requiring upgrades. Estimated cost of the listed solution, as well as a rough estimate
of lead time, is also included.

Table 9 — Thermal Violations / Upgrades

Overloaded Facility % Load Est. Cost Est. Lead Time

Osage — Canyon E — Canyon W 115kV lines 116% $6.1MM 12 mths
(Rebuild./Reconductor ~19 miles of 115kV Line to 146/161 MVA)

Randall — Palo Duro — Happy 115kV Line 109% $11.3MM 12 mths
(Rebuild/Reconductor ~35.3 miles of 115kV Line to 146/161 MVA)

Deaf Smith 230/115kV Transformer 101.4% S5 MM 20 mths
(Upgrade 2 transformers to >=252 MVA rating)

Plant X 230/115kV Transformer 105.2% $3.5MM 20 mths
(Add 2™ 252 MVA transformer)

Lea PP Hobbs 230 / 115kV Transformer 130.1% $2.5MM 20 mths
(Add 2™ 168 MVA Transformer)

Max Lead Time / Total Est. Cost $29.5MM 20 mths

As indicated above, redispatch may serve to defer the necessity for some of the
upgrades mentioned in Table 9. In particular, the Plant X and LeaPP Hobbs transformer
upgrades are particularly sensitive to dispatch levels.

Generally speaking, without strengthening of this system, or the addition of a new
line such as the 345kV line between Roosevelt Co. and Potter, the import limits on wind
generation are significant until 2011. Allowable wind import is between OMW and 40MW,
depending on season. Starting in 2011, load in the north part of the SPS system
increases until a 1220MW can be imported in summer 2011, and 60MW in winter 2011.
All other things being equal, this import limit can be expected to increase past 2011.

The addition of the proposed 345kV line between Potter and Roosevelt Co.
Substations does relieve the thermal limitations on wind import and allows for full
190MW of wind import in all seasons.

2007 Wind Analysis -17-



Annex A 7 ACCC Output Z Necessary Upgrades
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Annex B 7 Wind Import Limits by Season and Scenario

07FAl 40 150
07FA2 0 190
07FA3 0 190
07FA4 180 10
07SP1 0 190
07SP2 0 190
07SP3 0 190
07SP4 190 0
07WP1 20 170
07WP2 0 190
07WP3 0 190
07WP4 170 20
08SP1 60 130
08SP2 0 190
08SP3 0 190
08SP4 180 10
08WP1 0 190
08WP2 0 190
08WP3 0 190
08WP4 150 40
11SP1 0 190
11SP2 0 190
11SP3 0 190
11SP4 70 120
11WP1 0 190
11WP2 0 190
11WP3 0 190
11WP4 130 60
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Annex C 7 345KV Line Addition ACCC Results
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