[image: image10.png]Syster Normal

Syster Normal

Syster Normal

Broadview-Gartison 500 kY single contingency

Broadview-Gartison 500 kY single contingency

Broadview-Gartison 500 kY double contingency|

Broadview-Gartison 500 kY double contingency|

Ganison-Taft 500 KV double contingency
Garison-Taft 500 K double contingenc

[Flows (MTNW) MW _Voltage at Broadview 500 KY pu_Voltage &t Gartison 500 kY pu

2200
2265
2310
2200
2310
2200
2265
2200
2265

10775
1.0755
1.0729
1.0855

1.04726

1.09623
1.0976
1.1002
11011

10805
1.07645)
1.0719)

1.0845)
1.04795)
1.08385)
1.08328)

1.0829)
1.08368)





Montana-Northwest (Path 8) East to West Study Report

Winter 2005-06 Operating Season
August 17, 2005

Submitted to:

Northwest Operational-Planning Study Group (NOPSG)

Submitted by:

Julie Reichle

Planning Engineer

NorthWestern Energy

Montana-Northwest (Path 8) – 2005-06 Winter OTC Study Report

INTRODUCTION

This study is a review of the east to west seasonal operating transfer capability (OTC) of the Montana-Northwest (Path 8).  The purpose of this study was to examine powerflow and dynamic simulations to verify that NorthWestern Energy (NWE) can continue to operate this path at flows up to 2200 MW east to west during the 2005-06 winter operating season.  NWE (formerly known as The Montana Power Company) has completed the studies to ensure reliable operation of the system for the expected operating conditions during the winter 2005-06 operating season.  

PATH DESCRIPTION

NWE received an accepted rating of 2200 MW east to west for this path based on extensive studies under all operating conditions in 1994.  In 1994 this path rating was based on the thermal rating of the series capacitors in the two Garrison-Taft 500 kV lines.  Recently, those series capacitors have been upgraded increasing their thermal rating.  However, the path rating has not been increased.  This path (westbound) is now limited to maintain acceptable voltage performance for pre-contingency operation as well as the desire to maintain acceptable exposure to unit tripping at Colstrip.  Post-fault overloads are not a problem for this path since unit tripping immediately unloads the path.  The critical internal contingency is the simultaneous opening of both of the Broadview-Garrison 500 kV lines.  The critical external contingency is the simultaneous opening of both of the Garrison-Taft 500 kV lines.  The results of this study present a verification of the OTC for this path.

A path diagram is shown in Figure 1 at the end of this report.  The path consists of the following 10 interconnecting branches:

· Broadview-Garrison 500 kV #1 and #2,

· Rattlesnake 230/161 Auto transformer,

· Ovando-Garrison 230,

· Ovando-Hot Springs 230,

· Mill Creek-Garrison 230,

· Anaconda(BPA)-Garrison 230,

· Kerr-Elmo 115,

· Thompson Falls-Burke 115, and

· Crow Creek-Burke 115.

ASSUMPTIONS/METHODOLOGY

Path 8 will load to flows up to 2200 MW only if loads are low in Montana, the Montana control area generation is high, and the Montana-Southeast path (MTSE) is near the maximum OTC import capacity.  A summary of the features of the case used to demonstrate the OTC for this path is shown in the case summary report (casum3.xls) at the end of this report.  Only minimal changes were made in the base case to produce the study case.  The phase-shifting transformers in the Yellowtail-north path were used as appropriate to control the flow on the MTSE path to assure that the flow on Path 8 was 2200 MW.  The Miles City DC (MCDC) tie was set at the maximum westbound flow (195 MW).  The equivalent for the Miles City DC Tie was replaced with a DC line model to improve the accuracy of the dynamic simulations.  Two new windfarm complexes and a peaking plant that are scheduled to be in service this winter were added to the case.

The light winter 2005-06 operating base case was used for this study.  The ability of the NWE system to load Path 8 is resource limited; therefore in the heavy winter case Path 8 could not be loaded to 2200 MW and was not used in this study.  Since the path loading is greatest for light load conditions, the following system conditions were assumed in order to reach the desired transfer from Montana into the Northwest:

1. Area generation changes were made as needed within reason to achieve desired path loading.  

2. Miles City Converter Station, Garrison Reactor, Rocky Mountain Power Hardin RAS and Colstrip ATR RAS schemes operated as designed for each switching event.  

3. The phase-shifting transformers in the Yellowtail-north path were used as appropriate to control the MTSE imports to maintain the flows on Path 8; and, the Miles City DC tie was at maximum westbound flow.

4. Colstrip generation was near full capacity.

5. Post-fault overloads are generally not a problem for this path when the worst-case contingencies occur since unit tripping immediately unloads the path. 

6. Winter ambient temperatures were used for thermal equipment ratings.

7. WMH was tested at levels that were seasonally appropriate.

ADJUSTMENTS:

The following adjustments to the base case were made for this study:

· Three new generating facilities were added to NWE’s system

1. Basin Creek  – 0 MW load following (South of Butte)

2. Judith Gap wind – 65 MW (Pmax = 188 MW, at Judith Gap)

3. Horseshoe Bend wind – 6 MW (near Great Falls)

· The detailed MCDC tie model was added (replacing negative load model), (Westbound capacity = 195 MW),

· Western Montana Hydro (WMH) is reported in the Case Summary table.

KNOWN SENSITIVITIES

This path is limited by steady-state voltages pre-contingency, and by the desire to maintain acceptable exposure to generator tripping.  The stable performance of the path is assured by a redundant adaptive RAS (the Acceleration Trend Relay, “ATR”) that provides unit tripping at Colstrip in response to critical contingencies.  Important variables are:

· Colstrip Generation.

· Westbound flow on the Miles City DC converter station.

· Western Montana Hydro generation.

The flow on the Miles City DC Tie must be 195 MW east to west to increase Path 8 flows (east to west) to 2200 MW.

In principle, high total WMH generation combined with high Path 8 flows can result in very high flows on the West of Hatwai (WOH) path; however, typical generation patterns seldom result in simultaneous maximum output from the WMH generators and maximum loading of Path 8.  Before the WOH path was upgraded there was a nomogram between these two paths.  This seldom resulted in a need to limit flows on Path 8.  Typically, operation of the WMH generation is on peak load.  Path 8 cannot be at maximum load during heavy load hours.  The flow on Path 8 is at its maximum during light load hours when WMH is reduced from peak generation levels.  Annually, the hydro generation is more available during spring runoff conditions, and the Colstrip generation is usually out for maintenance during the spring runoff period.  Thus, they are not likely to coincide.  High WMH generation is regarded as very unlikely during light load winter season conditions.      

DISTURBANCES

The critical N-1 and N-2 contingencies used in the studies are those that have significant impact on the operating limits of the path.

MONTANA AREA CONTINGENCIES

· A three-phase fault at the Colstrip 500 kV bus with the loss of a single Colstrip-Broadview 500 kV line.

· A single-phase fault at the Colstrip 500 kV bus with the loss of a single Colstrip-Broadview 500 kV line.

· A three-phase fault at the Broadview 500 kV bus with the loss of a single Broadview-Colstrip 500 kV line.

· A single-phase fault at the Broadview 500 kV bus with the loss of a single Broadview-Colstrip 500 kV line.

· No fault with the loss of a single Broadview-Colstrip 500 kV line.

· A three-phase fault at the Broadview 500 kV bus with the loss of a single Broadview-Garrison 500 kV line.

· A single-phase fault at the Broadview 500 kV bus with the loss of a single Broadview-Garrison 500 kV line.

· No fault with the loss of a single Broadview-Garrison 500 kV line.

· A three-phase fault at the Broadview 500 kV bus with the loss of both Broadview-Garrison 500 kV lines.

OTHER CONTINGENCIES

· A three-phase fault at the Garrison 500 kV bus with the loss of a single Garrison-Taft 500 kV line.

· A single-phase fault at the Garrison 500 kV bus with the loss of a single Garrison-Taft 500 kV line.

· No fault with the loss of a single Garrison-Taft 500 kV line.

· A three-phase fault at the Garrison 500 kV bus with the loss of both Garrison-Taft 500 kV lines.

· A three-phase fault at the Taft 500 kV bus with the loss of the Taft-Bell 500 kV line.

· A three-phase fault at the Taft 500 kV bus with the loss of the Taft-Dworshak 500 kV line.

· Hung breaker at Taft 500 kV bus (critical WOH contingency).

EXISTING RAS

· The Colstrip ATR.

· Rocky Mountain Power Hardin RAS.

· The Garrison reactor-tripping scheme (WM-RAS).

· Miles City Converter Station, Garrison Reactor, Rocky Mountain Power Hardin RAS and Colstrip ATR RAS schemes operated as designed for each switching event.  NWE worked with BPA to review and verify all RAS (including the MCDC RAS) operation under east to west flows on Path 8.

TRANSIENT SIMULATION RESULTS

Transient simulation results are summarized in Table 1.  With 2200 MW transfer from Montana to the Northwest (study case 06lw_newgen_mcdc), the critical contingencies are as follows: 

· Loss of both Broadview-Garrison 500 kV circuits.  A remedial action scheme (the ATR) drops 3 Colstrip generating units to control transient stability.  The lowest voltage was at the 161 kV Lower Duck Creek bus in Montana (0.7531 pu).  The impact on the WECC system is very minor.  This contingency met level B of the WECC criteria.

· Loss of both Garrison-Taft 500 kV circuits.  A remedial action scheme (the ATR) drops 3 Colstrip generating units to control transient stability.  The lowest voltage was at the 230 kV Rattlesnake bus in Montana (0.854 pu).  The impact on the WECC system is very minor.  This contingency met level B of the WECC criteria.

REACTIVE MARGIN STUDY RESULTS 

The reactors at the Garrison 500 kV bus serve as dynamic VArs for Montana 500 kV switching events.  The reactors are capable of switching off for stability events and then switching on if the voltage is too high post-contingency.  

Post-transient PV reactive margin results are shown in Table 2.

The most critical N-1 contingency in NWE’s system is the loss of one Broadview-Garrison 500 kV circuit.  The critical bus is the Broadview 500 kV bus.  Using the light winter base case (06lw_newgen_mcdc) with flows from Montana to the Northwest at 2200 MW, the voltage at the Broadview 500 kV bus was 1.0775 pu pre-contingency and 1.0555 pu post-contingency and the voltage at the Garrison 500 kV bus 1.0806 pu pre-contingency and 1.0646 pu post-contingency.  Using the light winter base case with flows from Montana to the Northwest at 2310 MW (5% increase), the voltage at the Broadview 500 kV bus was 1.0729 pu pre-contingency and 1.04726 pu post-contingency and the voltage at the Garrison 500 kV bus 1.07159 pu pre-contingency and 1.04796 pu post-contingency.  

The critical N-2 contingencies in NWE’s system are the loss of both Broadview-Garrison or the loss of both Garrison-Taft 500 kV circuits.  The critical buses are the Broadview and Garrison 500 kV buses.

For the loss of both Broadview-Garrison 500 kV circuits, using the light winter base case (06lw_newgen_mcdc) with flows from Montana to the Northwest at 2200 MW, the voltage at the Broadview 500 kV bus was 1.0775 pu pre-contingency and 1.09623 pu post-contingency and the voltage at the Garrison 500 kV bus 1.0806 pu pre-contingency and 1.08366 pu post-contingency. 

For the loss of both Garrison-Taft 500 kV circuits, using the light winter base case (06lw_newgen_mcdc) with flows from Montana to the Northwest at 2200 MW, the voltage at the Broadview 500 kV bus was 1.0775 pu pre-contingency and 1.1002 pu post-contingency and the voltage at the Garrison 500 kV bus 1.0806 pu pre-contingency and 1.0829 pu post-contingency.  

Using the light winter base case with flows from Montana to the Northwest at 2255 MW (2.5% increase), for the loss of both Broadview-Garrison 500 kV circuits, the voltage at the Broadview 500 kV bus was 1.0755 pu pre-contingency and 1.0975 pu post-contingency and the voltage at the Garrison 500 kV bus 1.07646 pu pre-contingency and 1.08328 pu post-contingency.

Using the light winter base case with flows from Montana to the Northwest at 2255 MW (2.5% increase), for the loss of both Garrison-Taft 500 kV circuits, the voltage at the Broadview 500 kV bus was 1.0755 pu pre-contingency and 1.1011 pu post-contingency and the voltage at the Garrison 500 kV bus 1.07646 pu pre-contingency and 1.08358 pu post-contingency.  

SPECIFIC OTCPG ITEMS

NWE has coordinated operating procedures with BPA.  BPA reviews their DSO 319 to set operating limits for this path.  The study should provide guidance for that effort.

The Montana-Northwest westbound OTC is limited by acceptable voltage performance for pre-contingency operation as well as by acceptable exposure to unit tripping at Colstrip.

The OTCPG questions and answers for Montana-Northwest (Path 8) include:

1. When was the last time the path was studied?
This path was studied in 2000 west to east and in 1994 east to west.  It was also studied under the auspices of the OCSG in 1999.


2. What is the critical season for this path?

Autumn is the critical season.


3. Full studies or check cases?
This study was check cases.


4. What are the impacts of this path on system reliability?  Are problems local only or is there potential for cascading outside the local area?

This path is critical.  There is potential for cascading only if the RAS fails; however, the RAS has been qualified by the RASRS as one whose failure is deemed non-credible. 

5. What is the limiting factor: transient, reactive, thermal?

The performance of the RAS is critical to provide for transient stability performance.  With proper RAS performance the limit becomes pre-contingency steady-state performance.


6. Have load and generation changes been accounted for?

Yes

7. Is it appropriate to study this path in the OTCPC arena?

Yes

CONCLUSION 

Detailed dynamic simulations and post-transient reactive margin studies on critical contingencies, using a base case with 2200 MW Montana to the Northwest (east to west) transfer, confirmed that these contingencies have met WECC criteria and that the MT-NW path (east to west) can continue to operate reliably for the 2005-06 winter operating season with the 2200 MW OTC.
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FIGURE 1 – Montana-Northwest Path

TABLE 1 – Transient Simulation Results
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TABLE 2 – Reactive Margin Study Results
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TABLE 3 – Case Summary Report
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