Montana – Idaho (Path 18) OTC

Winter 2005-06

Verifying the capacity (OTC) with improvements that were added at the Peterson Flats, Mill Creek, and Dillon-Salmon substations.

Description of Path

The Montana – Idaho path consists of two lines:

1. The Mill Creek – Antelope 230 kV line (AMPS line) with load taps at Peterson Flats and AMPS and,

2. The Dillon Salmon – Big Grassy 161 kV line.

These lines provide a path from southwest Montana to southeast Idaho (Idaho Falls area).  In 2005 the path was upgraded.  The path was submitted to the WECC three-phase rating process.  The path now has an Accepted Rating of 356 MW based on the improvements made in the summer of 2005.  The OTC limit on the path is lower than 356 MW for northbound flow with heavy summer conditions.  This OTC reduction is caused by the presence of heavy loads in the eastern Idaho area (south end of the path) that constrain the system south of this path limiting the ability of the eastern Idaho (PACE) system to deliver power to the path.

The rating for this path is based on the post-contingency voltage performance for service to loads served by both lines.  Specifically, the Salmon, Idaho load that is served from the Peterson Flats tap, and the Dillon and Salmon area loads that are served from the Dillon-Salmon 161 kV bus at the northern terminal of the Dillon-Salmon – Big Grassy tie line.  It is important to note that the path will not collapse at flows significantly higher than the rating.  Instead there is a steady decline in the post-transient voltage performance at these buses.  It is also important to note that the limit is based on performance that is deemed acceptable by the parties that serve loads connected to these lines rather than by thermal limits or stability considerations. 

Results

NWE has restudied this path for the Winter 2005-06 season at the request of NOPSG even though the critical season for this path is summer.  Our studies confirm the OTC findings of Summer 2005 for this path.  The our results indicate that OTC with these improvements is:

· 356 MW when the flow West of Bridger is less than 1650 MW,

· 351 MW when the flow West of Bridger is equal to or greater than 1650 MW.

NWE proposes a TRM for this path equal to the difference between the OTC and 337 MW.  The only purpose of the TRM is to accommodate unscheduled flows on the path.  Thus, when the flow West of Bridger is less than 1650 MW the TRM would be 19 MW, and when the flow West of Bridger is equal to or greater than 1650 MW the TRM would be 14 MW.  (The importance of this flow threshold is that the Bridger RAS trips two Bridger units when this flow is greater than 1650 MW.)  Thus scheduling on this path will be limited to 337 MW with the described improvements in place.  This study shows that for the worst contingency (see discussion below) the post-transient voltage performance roughly matches the performance that the owners of the path have previously agreed to accept (wavering the WECC criteria for this unlikely contingency).

Critical Outages

The critical outages that are internal to the path are the loss of the Mill Creek – Antelope 230 kV line and the loss of the Dillon-Salmon – Big Grassy 161 kV line. 

However, there are outages that are external to the path (e.g. double-contingencies on the Bridger system that require two-unit tripping) that result in poorer performance than the internal contingencies.  For southbound flows the critical (external) outage is the simultaneous loss of the Bridger – Goshen and the Bridger – Kinport 345 kV lines.  When the total flow on the Bridger West Path is greater than 1650 MW the Bridger RAS trips two Bridger units for this contingency (BKBG event).  When the total flow on the Bridger West Path is less than 1650 MW the Bridger RAS trips only one Bridger unit for the BKBG event.  In either case effect of the BKBG event causes an increase in the flow on Path 18.  This flow increase results in depressed voltage at the Peterson Flats 230 kV load tap.  This causes low voltage on the 69 kV system that serves Salmon, Idaho from Peterson Flats.  (The 69 kV system is not modeled in WECC base cases.)  Also, the AMPS 230 kV load-tap (along with the 69 kV system served from that tap) and the Dillon-Salmon 161 kV bus (along with the loads served from the Dillon-Salmon substation) are subjected to low voltage.  If only one Bridger unit is tripped the system performance is significantly improved since the incremental flow for the BKBG contingency is reduced.

At the Peterson Flats tap there is a voltage-regulating transformer to regulate the 69 kV voltages downstream on the 69 kV system that serves the Salmon, ID area.  This regulator is capable of correcting the voltage up to 10 percent.  Also, there are regulating transformers at the major load serving terminals further down stream.  Thus, the steady-state voltage at the loads can be corrected even when the 230 kV bus is quite low.  Since this is the only load that depends on the Peterson Flats tap for its source, the absolute voltage at Peterson Flats is not critical as long as the 69/69 kV regulating transformer has not reached its limit tap (maximum boost).

The Dillon-Salmon substation is presently equipped with two banks of switched shunt capacitors (6 MVAR each).  These banks are automatically switched into service when the voltage falls below 0.9826 PU (67.8 kV).  The first bank is presently set to switch in after a one second delay, and the second bank will switch in after a 10 second delay.  Presently, there is no tap-changing transformer to regulate the 69 kV buses in the Dillon area.  Two more 6 MVAr banks will be installed in late 2005.

Criteria for evaluation of the OTC of the Path:

The OTC is based on the post-transient voltage performance required at the relevant load buses.   The purpose of this study is to demonstrate that the OTC of the path is 356/351 MW as stated above.  The basis for the original rating of 337 MW (see WECC path rating catalog) is somewhat less conservative than the present WECC criteria.  The three owners of the Path 18 lines (IPC, NWE, and PACE) have agreed to this criterion.  The criterion used for this study was to achieve the original performance documented in joint studies that were performed in 2004 (see benchmark results in SUMMARY page of results workbook).  At the proposed OTC a case representing the worst case contingency achieved a performance roughly equal to the benchmark at both Dillon and Peterson Flats.


Methodology

To achieve the north to south (Montana to Idaho) loading on the Montana-Idaho Path (Path 18), the “06hw3ap” base case was used for this study.  The base case had a flow of only 181 MW on this path.  This accurately reflects the fact that this path is less likely to be fully loaded during winter conditions.   Generation adjustments were made to the case to increase the flow creating a set of cases between 340 and 356 MW.  These cases were then used to evaluate the performance of the path for 13 different outages that demonstrate the system performance for the seven most critical outages and for six other important outages.  For six of the seven critical outages two cases were solved (one with and one without switching the new 12 MVAr switched shunt capacitor bank on at Dillon for the post-contingency case).  (This capacitor bank would not be switched for the Dillon – Big Grassy outage.)  The other two system improvements (Peterson Flats and Mill Creek capacitor banks) were modeled as in-service before and after the switching events.  For the six other outages of interest the new capacitors at Dillon were kept out-of-service post-contingency. 


Study Results

The study showed that the north-to-south operating limit (OTC) on the path is 356 MW when the flow on the West of Bridger path is less than 1650 MW.  Also, the study showed that the OTC is 351 MW when the West of Bridger flow is greater than 1650 MW.

Benchmark system performance:

For the 2004 benchmark study an initial flow of 337 MW on the path and with the (now defunct) BPA capacitor bank on at Anaconda the initial bus at the regulated 69 kV bus at Peterson Flats was 1.0357 PU, and the post-transient voltage was 0.8625 PU (relative voltage of 0.8328).  For the Dillon S 69 kV bus the starting voltage was 0.9909 PU, the post-transient voltage was 0.8565 PU, and the relative voltage was 0.8644 PU.  (Results from this study are to be compared to these limit setting values.)

Winter 2005-06 system performance:

With the improvements in place, 356 MW flowing on Path 18, and 1611 MW flowing on Bridger West, the initial voltage at Peterson Flats 69 kV regulated bus is 1.0179 PU, and the post-disturbance voltage is 0.8921 PU (0.8765 relative to the starting voltage); the pre-event voltage at the Dillon S 69 kV bus is 0.9718 PU, and the post-disturbance voltage is 0.9164 PU (relative voltage = 0.9430).  Thus, since the relative voltage is acceptable at both locations, the OTC can be increased to 356 MW with West of Bridger less than 1650 MW.

With the above listed improvements in place, 350 MW flowing on Path 18, and 1766 MW flowing on Bridger West, the initial voltage at Peterson Flats 69 kV regulated bus is 1.0307 PU, and the post-disturbance voltage is 0.8660 PU (0.8401 relative to the starting voltage); the pre-event voltage at the Dillon S 69 kV bus is 0.9757 PU, and the post-disturbance voltage is 0.8871 PU (relative voltage = 0.9091).  Thus, since the relative voltage is acceptable at both locations, the OTC can be increased to 351 MW with West of Bridger greater than 1650 MW.
Operations Notes

The shunt capacitors at Peterson Flats and Mill Creek are in service as of July 27, 2005.  The Dillon capacitors are due to be completed in late August 2005.  It may be necessary to continue using a reduced OTC contingent upon the completion of the Dillon project.

Results
Study results are contained in the Excel workbook “results_otc06w_pf.xls” included with this report.  This workbook contains several worksheets:

1. SUMMARY
This sheet provides summary of the critical results.  These values are referenced to the main table of results.

2. Outage_def
This sheet gives a key to the outage case numbering scheme, the naming convention used to name outage cases (for the limiting pre-event case), and a brief description of each outage case studied.

3. ANNOTATION
This sheet provides a key to the column headings in the main data spreadsheet.

4. log_otc06w_pf
This sheet is the main table of results for the study.

No reactive margin analysis was performed since this was a “check case” study.  This path has been studied extensively.  All previous studies have shown that the “nose” of the P-V curve for this path is well above the required 2.5 percent margin.  The practical OTC limit is based on acceptable load service as stated above, not the P-V margin.

Conclusions


1. The Montana-Idaho path (Path 18) can accommodate a total flow of up to 356 MW in the north to south direction when the West of Bridger flow is less than 1650 MW.  It can accommodate a flow of up to 351 MW in the north to south direction when the West of Bridger flow is equal to or greater than 1650 MW.  This will result in performance that is comparable to that achieved before 2004.  Setting the OTC at this level assumes that voltage performance criteria adopted in the past is still acceptable to all affected parties.

2. The OTC limits are based on voltage performance at the Peterson Flats tap on the AMPS line, and the Dillon – Salmon substation on the Big Grassy line.
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