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1. Introduction

To select study regions for voltage stability analysis, we considered two
main factors:

e Availability of measurement data
e Importance of the study region to system operators

In collaboration with Bonneville Power Administration (BPA) and
Southern California Edison (SCE), we identified potential study regions
based on measurement data availability. Due to the ongoing PMU
installation, testing, and validation activities, recent phasor measurement
data and full coverage was not available at some locations. In these cases,
alternative areas were chosen, or SCADA data was used in lieu of PMU data
for demonstration purposes. When the PMU data is available, it will
replace the SCADA data in our algorithms.

Our final study region selection resulted in two regions: a wind hub in
the BPA system, and a regional load area in Central California. Both
regions have known concerns with regards to voltage stability.

2. Study Region #1: BPA Wind Hub

The BPA study region is a wind power hub located near the
Washington-Oregon border. The wind power hub is an interconnection of
approximately 600 MW of wind power at the Jones Canyon 230 kV
substation. The power is supplied by six wind plants, which consist of both
Type 2 and Type 3 wind turbines. The Jones Canyon substation is in the
middle of a long transmission line connecting other generation (McNary
230 KkV substation) to a load area (Santiam 230 kV substation). The line
connecting Jones Canyon to McNary is a shorter, stronger line, while the
connection to Santiam is longer and weaker. The system diagram is shown
in Fig. 1, where Santiam is the substation to the west and McNary is the
substation to the east.
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Figure 1. BPA Wind Hub system [1].

In the BPA Wind Hub system, the power output of the wind plants is
limited by voltage stability concerns. One issue arises when the wind
plants are curtailed. When the curtailment is released, the output of the
wind plants can change rapidly, leading to voltage fluctuations. In Fig. 2,
we show the output of the six wind plants over a 10-hour period, in which
multiple cases of sudden ramping can be observed.

[1] E. Heredia, D. Kosterev, M. Donnelly, “Wind Hub Reactive Resource Coordination and
Voltage Control Study by Sequence Power Flow, 2013 IEEE PES General Meeting, July 2013.
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Figure 2. BPA Wind Hub output over a 10-hour period.

Exacerbating this voltage problem is the fact that the Type 2 plants
consume more reactive power as active power output is increased. Shunt
compensation is used to mitigate this issue, but the response time of the
capacitors is usually long compared to the fast ramping of the wind plants.

In the BPA Wind Hub system, four of the six wind plants (Plants A-D)
were installed before newer requirements for voltage regulation were
instituted. Thus they are only designed to provide a near-unity power
factor using shunt compensation. However, there are concerns about
voltage stability limits if the shunts do not operate.

A recent operating scenario highlighted the severity of these voltage
fluctuations. During this period, the strong line connecting Jones Canyon to
McNary (east substation) was out of service. Thus the weak connection to
Santiam was the only way to deliver power from the wind plants. The data
show extreme long-term voltage fluctuations as the wind plants were
alternately curtailed and released from curtailment. In Fig. 3, we show a
plot of the voltages from this event.
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Figure 3. BPA Wind Hub voltages with strong line out of service.

In this study region, the idea is to identify the short-term and long-term
margins for wind power output. The short-term limit will not include the
slower-response shunt compensation, but the long-term limit will include
their effects on the stability margin. The computed margins will assist the
system operator in determining appropriate levels of curtailment to
facilitate the maximum amount of wind power generation without risking
voltage instability.

3. Study Region #2: SCE Central California System

The selected SCE study region is a portion of the 230 kV network in
Central California. The region is characterized by a long, radial-type
network connecting the Big Creek generation area in the north to the Los
Angeles load area to the south. In particular, we will use PMU data from
five substations: Big Creek 3, Rector, Springville, Vestal, and Magunden to
establish an observable region in Central California. The PMU locations are
identified by circles in Fig. 5.
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Figure 4. SCE Central California study region



The SCE Central California study area is not a major load center.
However, there are significant levels of industrial loads (oil refineries) in
the region that contribute to voltage stability concerns. The area near the
Rector substation is particularly problematic due to limited voltage
support. Reactive power to support active power transfer from Big Creek
to the south also adds to the voltage stability problem.

In this case, the objective is somewhat similar to the BPA Wind Hub,
namely, to identify the power transfer limits along the 230 kV corridor to
Los Angeles. In addition, the PMU data will be used to evaluate the
performance of the SVC at the Rector substation and other shunt devices
with respect to voltage support.

4. Status of Data Collection

For the BPA Wind Hub study region, BPA has provided CSV-formatted
SCADA measurement data for multiple hours in 7 different days. The
resolution of the data is These data sets have different system conditions
which will enhance the testing of the voltage stability algorithms. The
network data has been provided as an EPC file, which is the ASCII format for
GE PSLF. We have translated the network data into MATLAB for use with our
algorithms.

For the SCE Central California study region, we have obtained 4 data sets of
PMU data in the Power System Outlook DST format. The data can be readily
exported from Power System Outlook program in CSV format for use in
MATLAB. Each of the 4 data sets contains 5 days (120 hours) of data at 1-
minute resolution. This data will be used for preliminary studies, and higher
resolution data will be extracted for smaller time windows of interest. SCE
has also provided the network data as an ASCII-formated EPC file for easy
translation into MATLAB.
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