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Executive Summary

Table 1 - TOT 7 2010 Summer Limits
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II.
Purpose

The purpose of this study is to verify the 890 MW rating (Transfer Capability) of the TOT 7 transfer path in the north to south direction and to define various limits (System Operating Limits) up to the rating as a function of local area load and Colorado Big Thompson (CBT) hydro generation levels for System Intact initial conditions in the 2010 summer season.

III.
Foothills Planning Group
The Foothills Planning Group consists of representatives from Platte River Power Authority (PRPA), Tri-State Generation & Transmission (TSGT), Western Area Power Administration – Rocky Mountain Regional Office (Western) and Xcel Energy/Public Service Company of Colorado (PSCo).

IV.
Scope

The study area is the Foothills Area as shown in Exhibit 1.

The TOT 7 path is a 230 kV transmission corridor on the eastern side of the Foothills Area between Ault and Fort St.Vrain (FSV) consisting of three transmission lines:

· Ault-Windsor-FSV 230 kV line
Metered at Ault

· Weld-FSV 230 kV line


Metered at Weld

· Longs Peak- FSV 230 kV line

Metered at FSV
The TOT 7 path provides one path for power transfers into the northern metro Denver area and is also known as Path 40 in the WECC Path Rating Catalog.  
The loads in the study area are represented in Zones 754 and 706 of the WECC power flow case.  See Exhibit 2 for a list of all loads in the study area.
V.
Assessment Studies

Powerflow analyses for System Intact initial conditions were performed at various levels of load, CBT generation, and TOT 7 flows to determine the TOT 7 limits to be incorporated into the Path Operator’s (PSCo’s) real-time limit calculator.

Transient and voltage stability analyses for System Intact initial conditions will be performed by PSCo who will issue separate reports upon completion of these specific studies.
Assessments apply to all seasons in the Operating Horizon.  The study area is a summer peaking region and the Heavy assessments apply to summer and winter conditions.  Light assessments apply to spring and fall conditions and Light load scenarios are created to determine TOT 7 transfer limits under these conditions.  2010 TOT 7 Summer Limits are applicable from summer 2010 through spring 2011.

Prior Outage initial conditions analyses of TOT 7 are not part of this study but are performed on a case-by-case basis for planned outages of facilities that impact the TOT 7 limit.
VI.
Base Case

The study base case “.sav” reflects the system topology and load forecast for the 2010 summer peak demand period as reviewed and updated with changes from the Foothills Planning Group and the CCPG.

VII.
Assumptions

1. Loads are represented at the high-voltage busses.
2. Power factor of loads are adjusted as necessary for the bus on which the load is represented and are based on historical power factor data where this information is available.
3. Voltage criteria violations on the transmission system are of more concern at load busses than at non-load busses.

VIII.
Criteria

Category A – System Normal

“N-0” System Performance Under Normal (No Contingency) Conditions (Category A)
NERC Standard TPL-001-0

Voltage:


0.95 to 1.05 per unit

Line Loading:


100 percent of continuous rating

Transformer Loading:

100% of highest 65 (C rating

Category B – Loss of generator, line, or transformer (Forced Outage)

“N-1” System Performance Following Loss of a Single Element (Category B)

NERC Standard TPL-002-0

Voltage:


0.92 to 1.07 per unit (PRPA)





0.90 to 1.10 per unit (all others)

Voltage Deviation:

6% per unit (PRPA & TSGT)

Line Loading:
100% of continuous rating or emergency rating if applicable
Transformer Loading:

100% of highest 65 (C rating

Category C – Loss of Bus or a Breaker Failure (Forced Outage)
“N-2 or More” System Performance Following Loss of Two or More Elements (Category C)

NERC Standard TPL-003-0
Voltage and Thermal:
Allowable emergency limits will be considered as determined by the affected parties and the available emergency mitigation plan.  Curtailment of firm transfers, generation redispatch, and load shedding will be considered if necessary.
Voltage Deviation:

10% per unit (TSGT)

Category D – Extreme Events (Forced Outages)
“N-2 or More” System Performance Following Extreme Events (Category D)

NERC Standard TPL-004-0

Voltage and Thermal:
Evaluate for risks and consequences. If applicable, use allowable

emergency limits as determined by available emergency mitigation plan.

Curtailment of firm transfers, generation redispatch, and load shedding

will be considered if necessary.
IX.
Procedure

1. TOT 7 Limits Study
a. Setup dispatch in the study base case for a TOT 3 “upper left-hand corner scenario” with LRS and Pawnee generation at maximum and with DC Ties at East-West maximum by redispatching generation elsewhere in Areas 70 and 73.

b. Monitor TOT 3 while stressing TOT 7 and note when TOT 3 flow exceeds its limit for the “upper left-hand corner scenario.”

c. Stress TOT 7 in the north with Rawhide and generators north of TOT 3, and in the south with FSV and generators south of FSV.

d. Run certain Category B, C, and D contingencies using the matrix routine written for contingency analysis.

e. The TOT 7 rating and limits will be defined for Category A and B contingencies and if necessary for certain Category C contingencies such as the Weld 230 kV bus fault as determined by the affected parties and depending on the proposed emergency mitigation plan.

f. Find the limit equal to the 890 MW rating with CBT at 180 MW and load at X percent of peak.  The rating verification will be performed with CBT at 180 MW and the limits will be determined with CBT at 120 MW and lower.)
g. Develop a TOT 7 Limits table with the following dimensions:

· Dimension 1 – Vary the load within Zones 754 and 706 in 5 percent increments from 105 percent of peak to 65 percent of peak. Adjust generation south of Fort Saint Vrain (Cherokee, Spindle, & Valmont) to account for load scaling.

· Dimension 2 – Vary the CBT generation in 30 MW increments from 120MW to OFF.

Let the System Swing adjust for the CBT generation changes. 
· Record the TOT 7 and “7A” flows for each scenario.  (“7A” measures the flow on the Ault-Windsor and the Weld- FSV lines and is monitored by the Path Operator for informational purposes.)

Solution methods for the TOT 7 Limits Study are as follows:

	
	Pre-contingency
	Post-Contingency

	Area Interchange Control
	Off
	Off

	Phase-Shifter
	Adjust
	Lock

	TFMR LTC
	Adjust
	Adjust

	Switched Shunt Reactor/Capacitor
	Adjust
	Lock (unless automatic in field)

	DC Taps
	Adjust
	Adjust


See Exhibit 3 for a description of the study procedure, Exhibit 4 for the busses and branches monitored for criteria violations, and Exhibit 5 for the forced outage contingencies.

X.
Results

The TOT 7 limit varies as a function of the amount of local area load and the level of nearby CBT hydro generation. As the load served along the Ault-Longs Peak-FSV 230kV corridor increases, the north to south flow on the Longs Peak-FSV component of TOT 7 decreases, shifting a higher percentage of TOT 7 flow to the other two TOT 7 lines. The limit can decrease with an increase in the diversity of the flows between all three TOT 7 lines.
Continuous ratings were used for all NERC Category B contingencies and emergency ratings were used for NERC Category C and D contingencies. The worst NERC Category C and D contingencies and mitigation plans are as follows:
results
Matrix study results are available upon request.
XI.
Conclusions

The TOT 7 rating is verified to be 890 MW when TOT 7 Study Area loads are at XX percent of peak and CBT generation at 180 MW. From June through August 2009 the PRPA load was less than XX percent of the PRPA summer peak XX percent of the time. Various limits for TOT 7 up to the maximum of 890 MW are defined as a function of local area load and CBT generation.
PSCo is the Path Operator of TOT 7. PSCo uses PRPA load as a proxy for TOT 7 Study Area load when calculating the real-time TOT 7 limit since they do not have access to all the load data in the TOT 7 Study Area.
Exhibit 1

Exhibit 2

Exhibit 3

Exhibit 4

Exhibit 5

� TOT7_100p.sav study base case was developed from the study base case, SA_100p.sav, which was used for the Foothills Area 2010 Summer Assessment. The SA_100p.sav case was developed from a WAPA annual OTC study base case 10hs3bp_r1.sav which was reviewed and developed by the Foothills Planning Group and other CCPG parties from the 2010 HS3 approved WECC base case. Actual modifications made to the WECC base case are available upon request.
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