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EXECUTIVE SUMMARY;
This study was requested to determine solutions to some operating issues that are anticipated during the construction of the Ben Lomond – Terminal 345 kV lines 3 & 4.  Although the construction plan has been amended to reduce outage durations, there will be times during the construction period where the Ben Lomond – Terminal 230kV line will need to be taken out of service for safety clearance purposes.  Under this scenario, a level C (N-2) contingency could result in a complete separation of the system between Terminal and Northern Utah / Idaho.   

Operating guidelines were requested for the following four scenarios:
1. Flaming Gorge 230kV and Ben Lomond - Terminal 230 In Service,
2. Flaming Gorge 230kV In Service and Ben Lomond - Terminal 230 Out of Service,
3. Flaming Gorge 230kV Out of Service and Ben Lomond - Terminal 230 In Service, and
4. Flaming Gorge 230kV and Ben Lomond - Terminal 230 Out of Service.
This study also addresses some operational limits that were discovered after two disturbances on November 27th and November 30th 2008 that adversely impacted Sierra Pacific at Gonder and Western at Flaming Gorge.  During one of these events, Western’s Flaming Gorge 230 was out of service. With the additional elements that were either out of service prior to the event or subsequently tripped after the initiating disturbance, these events are more appropriately categorized as Level D in the WECC disturbance / performance tables.   As noted in the documentation of the November 30th event, Tot 2C was loaded to 200 MW southbound.  A simulation of this event demonstrated the negative impact Tot 2C flows have on system performance for the North of Terminal double line outage under these conditions.

Until the Ben Lomond – Terminal 345kV circuits 3 & 4 are completed, there will be operational nomograms for North of Terminal.   After completion of circuits 3 & 4, transfer limits and the generation drop RAS would only be needed if any two of the circuits are out of service and the remaining two circuits would constitute a credible Level C event. 
The proposed operating nomograms for North of Terminal are shown in Figures 1-1, 2-1, 2-2, 3-1, 4-1, & 4-2.   These nomograms will restrict transfers to levels below that recorded over the past 9 months, so operational impacts are to be expected until completion of Ben Lomond – Terminal 345kV circuits 3 & 4.
In all scenarios considered, generation drop RAS proved to be very effective. This RAS increased the North of Terminal transfer capability by at least 200 MW. 
GLOSSARY OF TERMS;

NOT:  North of Terminal, also described as Terminal North

Tot 2C:  The Red Butte – H.Allen 345kV line to Nevada Power
WECC: Western Electricity Coordinating Council
FLG:  Flaming Gorge hydro generation

BLT 230:  Ben Lomond – Terminal 230kV line and 230/138 transformer at Terminal

OTC:  Operational Transfer Capability

DLO:  Double line outage contingency
RAS: Remedial Action Scheme, also known as a Special Protection System (SPS)
INTRODUCTION;
This study presents an analysis of operating conditions during the construction of the Ben Lomond – Terminal 345kV circuits 3 & 4.  These circuits are to be built on the Right-of-way currently occupied by the Ben Lomond – Terminal 230kV lines.  Currently, only one of these lines is operated at 230kV.  The original construction plan was to remove the 230kV constructed segments of the line, and then start construction of the 345kV lines.  After discussions with Grid Operations about the impacts of this plan to transfer capabilities between Terminal and Ben Lomond, the construction plan was amended to minimize outage times for the 230kV line and do as much drilled pier work and tower setting as possible by taking only daily outages of the 230kV line and then return the line to service at night to accommodate non-firm Northwest energy returns.

One other consideration that needed to be factored into this analysis was the two disturbances from November 2008, where both Ben Lomond – Terminal 345 kV lines tripped and subsequently overloaded the Ben  Lomond – Terminal 230 kV line causing the 230 kV line to also trip.  These outages resulted in separation of the entire path between Terminal and Ben Lomond and resulted in severe impacts to Sierra Pacific at Gonder and to Western’s facilities at Flaming Gorge.

See Figure 1 for a geographic representation of the Ben Lomond to Terminal area.

Figure 1
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TERMINAL NORTH CUT-PLANE;

Figure 1 also illustrates the NOT Cut-Plane.  NOT monitors the northbound flows on the following lines;

· Terminal – Ben Lomond 345 kV

· Terminal – Syracuse 345 kV 

· Terminal – Ben Lomond 230 kV

The 138 kV system (not shown in Figure 1) is operated closed between Ben Lomond and Syracuse but is operated open north of Parrish (between Terminal and Syracuse). 
POWERFLOW BASE CASE;

The powerflow base case selected for this OTC study was the WECC 2009 HSP1a case.  This case was modified to remove the tie planned between PacifiCorp’s Caribou 138kV sub and Lower Valley REA’s Valley and Lane 115kV substations.  In addition, the 09HSP Base case was created with two transformers at FLG.  However, the 100 MVA unit was recently moved to Hayden to cover for failure of a unit there.  Western has indicated that there are no plans to replace the second unit at Flaming Gorge and they have no intentions of making any operational changes or accommodations for the benefit of PacifiCorp. 
INITIAL CONDITIONS; 

The following initial conditions were established for the base case:

· The pre-disturbance bus voltages were maintained between 0.95 to 1.05 p.u.
· The line and transformer loadings were not allowed to exceed their normal continuous ratings.
· Southern and central generation was dispatched at near maximum levels with NOT transfers adjusted by using the Tot 2B phase shifters.

· The FLG 138/230 transformer emergency rating was changed to 275 MVA and the 100 MVA transformer was removed from service.
· The Monument phase shifters were set to zero degrees of phase shift to simulate typical / normal system conditions.

· One Bridger unit was taken off line in cases where high FLG to Little Mtn. flows were desired. 
DYNAMIC PERFORMANCE CRITERIA;
The NERC standards including TPL-001 through TPL-004 and the WECC System Performance Criteria were used to evaluate the dynamic performance of the system.

VOLTAGE STABILITY PERFORMANCE CRITERIA;
As the system conditions anticipated are considered temporary, PacifiCorp requested that voltage stability (reactive margin) analysis not be performed.
CONTINGENCIES STUDIED;

Initially single contingencies were performed on the Terminal – Ben Lomond system and were found to easily meet all performance criteria.   Double line outage contingencies (DLOs) were found to be critical for determining North of Terminal (NOT) transfer limits.  These DLO contingencies are:
· Ben Lomond South DLO:  Ben Lomond – Syracuse and Ben Lomond – Terminal 345kV, and
· Terminal North DLO:  Terminal – Syracuse 345kV and Terminal – Ben Lomond 345kV.
POST TRANSIENT STUDY RESULTS;
SCENARIO #1;  With FLG & BLT 230 In Service;
For this scenario, the post-transient analysis confirmed impacts to the Flaming Gorge transformer loading but did not show severe voltage deviations to Sierra Pacific’s system at Gonder.
In the initial analysis, the Syracuse transformer loading was found to be the most constraining condition.  After review, it was decided to implement a local RAS to open the transformer for Ben Lomond South contingencies.  Implementing this local RAS results in the NOT DLO being slightly more severe than a Ben Lomond South DLO. 
At high FLG gen levels, the FLG 230/138 transformer is the limiting constraint, at lower FLG gen levels, the Bonanza - Vernal – FLG 138kV lines are the constraint.  Initial tests of adding a second transformer at FLG merely contributed to 138kV line loadings and NOT transfer gains were negligible.  The nomogram of Terminal North vs. Flaming Gorge 230 for Scenario #1, is shown in Figure 1-1. 
Figure 1-1
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As shown in Figure 1-1, there are nomogram lines for the base case with no RAS and nomogram lines for each of the RAS options for generation tripping.  The four options considered were to trip: 
· Currant Creek,
· Lakeside,
· E. Hunter #3, or

· Huntington #2.
When the BLT230 and FLG 230 lines are in service, there is no nomogram for Path 32 vs. North of Terminal.  However, care must be taken to keep flows within the limits as indicated in this report in order to prevent these 230kV facilities from tripping on overload and making the contingency far more severe than the original DLO.
SCENARIO #2;  With Flaming Gorge 230/138 Transformer In-Service & BLT 230 Out-of-Service;

Figure 2-1 shows a substantial amount of possible curtailment when comparing the allowable nomogram limits to the actual historical operating points shown.  If construction proceeds as currently planned, BLT 230 line outages should be mostly limited to day-time hours when high North of Terminal transfers are less likely to be needed for northwest energy returns.  The limiting element in this scenario is the Flaming Gorge 230/138 transformer with a 275 MVA emergency rating.  A comparison of actual operating points in Figure 2-1 also shows the benefit of the generation tripping RAS options to reduce operational impacts to NOT transfers.
Figure 2-1
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In this scenario, with the Ben Lomond – Terminal 230kV out of service, NOT transfers begin to impact Path 32 with post-transient voltages at Gonder approaching the 10% limit for a Level C contingency.   Figure 2-2 shows the nomogram relationship between NOT and Path 32.

Figure 2-2
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Results for RAS options were well beyond all historical operating points and mostly largely “off the chart” to the upper right of Figure 2-2.
SCENARIO #3;  With Flaming Gorge 230/138 Transformer Out of Service & BLT 230 In Service;

As the system is open at FLG, there is no nomogram of NOT vs. FLG.   However, because of the stated preference of Grid Operations to keep the BLT in service whenever possible, NOT transfers were found to be dependent primarily on the 493 MVA limit of the Terminal 230/138 transformer.  In this scenario NOT transfers were found to be insensitive to Path 32 flows.  Therefore, the NOT vs. Path 32 nomogram shown in Figure 3-1 is relatively flat.  As Western is not likely to operate with the Flaming Gorge transformer open for any longer than is necessary, this operating condition is not likely to exist for extended periods of time.
When the Flaming Gorge 230/138 kV transformer is out of service, the Mary Lakes – McKenzie 69kV line and transformer overloaded in the majority of contingencies.  This issue was resolved by a call to Western, who advised that the line trips for many local area contingencies and should also be tripped for NOT contingencies.   With this mitigation measure added to the simulation, no other elements in Western’s system overloaded or encountered voltage deviation problems.
Figure 3-1 
[image: image5.emf]North of Terminal vs. Path 32 Flow, MW

09 HSP;  Contingency is Terminal N. 345 DLO    With BL - Terminal 230 In Service & FLG 230/138 Transf. Out of Service

Terminal - Syracuse 138kV System; Open,  Monu PST's = 0 Deg.   Limit is Terminal 230/138 ER=493MVA

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

200 220 240 260 280 300 320 340 360 380 400

Path 32 flow (E to W) Flow, MW

North of Terminal Flow, MW

No RAS

a; RAS=Currant Creek

b; RAS=Lakeside

c; RAS=E.Hunter #3

d; RAS=Huntington#2


SCENARIO #4;  With FLG 230/138 Transformer and BLT230 Out of Service;
Detailed results of the contingencies supporting the nomogram shown in Figure 4-1 are shown in Appendix 4.
Figure 4-2 shows a new nomogram between NOT and Tot 4A. This nomogram becomes necessary because when the BLT230 and the FLG lines are open, added pressure is put on the remaining ties.  Under these conditions, the NOT outage causes a power swing through Colorado, north on Tot 3, and then west on Tot 4A.   For critical cases near the nomogram lines, a voltage collapse occurs near the BairOil 115 & 34.5kV system, which is radial from Platte 230kV.  In the cases used to study this area, the Tot 4A 230kV buses had starting voltages slightly above 1.0 pu and the Foote Creek wind project was off-line.  Sensitivity cases with Foote Creek on-line at roughly half power produced more diverged contingency results than any of the other cases.  Additional sensitivity studies will need to be done to verify that the nomogram in Figure 4-2 is valid under all operating scenarios involving TOT 4A.
Figure 4-1 
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Post-transient results for Figure 4-2 are shown in Appendix 5.  These cases also modeled a 200 MW flow southbound on Tot 2C.  Sensitivity studies were done to prove that the 200 MW southbound schedule and a corresponding increase in Bonanza West flows had a detrimental effect on Path 32 and Tot 4A.   Therefore Figure 4-2 has an element of conservatism built in to accommodate exports on Tot 2C up to 200 MW.

Figure 4-2
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Difficulties were encountered in simultaneously controlling all of the paths shown in Appendix 1 with Tot 4A flows tending to be more of a resulting flow rather than a controlled flow.  The variation in TOT 4A flows made the nomogram shown in Figure 4-2 more difficult to calculate.   Several cases were developed to double check that points on the developed nomogram had post-transient voltage deviations less than or equal to 10% at BairOil 34.5.  
DYNAMIC STABILITY ANALYSIS;

Dynamics simulations showed generally acceptable performance for the basic NOT disturbances.  However, for scenarios with BLT230 and FLG230 some voltage deviations for higher NOT were noted in the Tot 4A area.
The highest risk of dynamic stability problems would be Scenario #4 with both the BLT and FLG lines out of service.   To test dynamic performance for this scenario, two cases were run with flows beyond the nomogram limits shown in Figure 4-2;
· NOT at 1160 MW and Tot 4A at 650 MW

· Not at 1240 MW and Tot 4A at 620 MW

Both of these cases were run without RAS as well as with the four generation dropping RAS options under consideration.  Although the system as represented was substantially weakened by the steady state outages, no deviations of voltage or frequency were found for contingencies at the studied flow levels.
NOVEMBER, 2008 EVENTS - OBSERVATIONS;

From a review of the events and resulting flows and impacts to the system from the November 30th disturbance, it would appear that Nevada Power’s immediate response to the increase in TOT 2C loading after the NOT outage was a contributor to some of the problems encountered.   Nevada Power’s response was to immediately run-back the phase shifters to get the Tot 2C flows down below 300 MW (the Path normal rating).  This action of reducing the TOT 2C flow further impacted the remaining ties.  This result was readily apparent in the detrimental impact to the Gonder 230kV voltage.   Had Nevada Power merely tolerated the loading that was within the emergency ratings of the individual elements, and held off on adjustment of the phase shifters until communications with PacifiCorp Grid Operations was established, some of the subsequent impacts to Gonder voltage could have been avoided.    
CONCLUSIONS;

The following conclusions can be drawn from this study effort;
1) When comparing some of the nomograms limits to actual flow data gathered from July 2008 to February 2009, is becomes apparent that some operating restrictions will likely be encountered.   However, this situation is only temporary.  Once the Terminal – Ben Lomond 345kV circuits 3 & 4 are completed and placed into service, all restrictions associated with Terminal North flows will be eliminated.
2) In all scenarios considered, generation dropping RAS proved to be very effective, increasing NOT transfer capability by more than 200 MW.
3) The local RAS for the Syracuse transformer should be implemented prior to operation at the levels recommended in this report (see the discussion section under Scenario 1).
4) It is recommended that Grid Operations contact Nevada Power and SPP to communicate their concerns about the November 30, 2008 disturbance.  Grid Operations should request that in the future Nevada Power refrain from operating the Harry Allen phase shifting transformer (PST) to reduce flows below the path emergency limit until after communication has been established with PacifiCorp to determine if a NOT outage has occurred.  If an NOT outage has occurred, then Nevada Power should wait at least 10 minutes before further operating the Harry Allen PST to give PacifiCorp a chance to reduce generation schedules and cut schedules on NOT.  Operation of the phase shifters to reduce TOT 2C flows below the Path emergency rating before NOT schedules are reduced could be detrimental to overall system security.
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