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1. INTRODUCTION

The Center for Commercialization of Electric Technologies (CCET) was awarded contract DE-OE0000194
by the Department of Energy to perform the Discovery Across Texas demonstration project. Electric
Power Group, LLC (EPG) received a subaward from CCET to provide professional services to perform,
among other things, a substation cluster analysis, comparison of phasor data versus state estimator
data, and voltage and angle difference baselining. In October 2013, EPG completed a Baselining Study
update (Update 1) using 2012 and January-June 2013 data that included the following: (1) substations
having phasor measurement units (PMUs), which are geographically close to each other were grouped,
and a voltage and angle difference analysis for each group (cluster analysis) was performed; (2)
performed a comparison of voltage and angle differences obtained using phasor measurements versus
similar results using state estimator data (phasor vs. state estimator comparison); and, (3) performed a
baseline analysis for voltages and angle differences for selected pairs of substations. Alarm limits were
established and documented based on the baseline analysis.

Twenty-eight new Competitive Renewable Energy Zone (CREZ) 345 kV lines were added to the
Electric Reliability Council of Texas (ERCOT) system in 2013, which will change the results obtained
with the 2012 data, and the first six-months of 2013 data, particularly in angle differences between
locations. Nineteen of these lines were added in the second half of 2013. Since many CREZ lines were
added in late 2013, the analysis results were still subject to change since the system configuration
continued changing, and so did the voltage angles and angle differences.

In June 2014, Baselining Update 2 was completed using data for the full 12 months of 2013. The
Update 2 report provided results that tracked the changes in voltage magnitudes and in voltage angle
differences caused by the twenty-eight new 345 kV lines added to the ERCOT system throughout
2013.The Update 2 report shows how the angle differences were changing as CREZ lines were being
added to the ERCOT system. In general, results shown in the Baselining Study Update 2 report
indicated that the angle differences for 2013 were smaller (representing a tighter electrical grid) than
those found with 2012 state estimator and phasor data. Alarm limits were developed and proposed in
that report. However those alarm limits were expected to change because they were based on data
obtained under continued changing system conditions, since new CREZ lines were being added month-
by-month all the way to December 2013.

An additional seven CREZ lines were added during the first quarter of 2014. By the end of March 2014,
all planned CREZ lines had been added to the ERCOT system and, by the end of July 2014, the ERCOT
system has been operating with all these lines in service for 4 months. This Baselining Analysis Update
3, performed using data for the February to July, 2014 period, provides results that capture the effect
of all the CREZ lines added to the ERCOT system. This Update was performed only for angle differences.
Alarm limits for angle differences obtained in this Update 3 will reflect conditions that are not expected
to change significantly in the foreseeable future since all the CREZ lines have been in service for several
months and, therefore, can be used by operators in real-time monitoring of the ERCOT system. These
alarm limits may need to be revised if major changes in transmission infrastructure, or major shifts in
generation patterns, occur.

* Electric Power Group External Report
October 2014
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2. PROJECT SCOPE

A. Baseline Analysis for Voltage and Angle Differences

This study update analyzed the performance of the ERCOT grid using State Estimator data, plus
phasor data, for the February to July 2014 period, to identify normal and abnormal voltage angle
limits across the grid. In this analysis, EPG also compared the results obtained using 7 months of
2014 data with those obtained using 2013 and 2012 data, and summarized the differences, if any,
due to addition of the 345 kV lines added in 2014. Activities performed as part of this Update 3:

Extracted key metric information (i.e., angles and angle differences).

2. Analyzed extracted data and developed baseline understanding of voltage phase angle, and
angle difference patterns, for key pairs of substations similar to those used in Update 2.

3. Monitored angle differences (pairs), and developed patterns and statistics in the form of
box-whisker plots and load duration curves. Substations selected for analysis of angle
differences are listed in Table 3 below.

4. Prepared baselining analysis results for the selected pair of substations as Excel
spreadsheet and charts, including:

a. Voltage phase angle difference statistics (mean, maximum and minimum).
b. Voltage and phase angle distribution functions.

5. Developed a comparison table to show the difference in results for voltages and
angle differences using 2012, 2013, and the 6-months of 2014 data.

6. Prepared baselining analysis summary for discussion with ERCOT and the Synchrophasor Team.

B. Establishing Alarm Limits for Use in Operations

Based on this Baselining Analysis Update 3, EPG prepared a list of key angle pairs for monitoring
in Real Time Dynamics Monitoring System® (RTDMS®), and voltage angle and angle difference
alarm settings for use in RTDMS® to alert operators when grid critical variables are approaching
limits.

As requested by ERCOT, EPG has conducted a Baselining Analysis Update 3 using data for the
months of February to July 2014. No SE data was available for the month of January. Please note
that a few CREZ 345 kV lines were added in January 2014, and a few more in late March 2014.

Final voltage and angle difference limits for use by operators should be reviewed with data
collected for all 12 months of 2014. The ERCOT system will have no new CREZ lines added to it
after March 2014, and the angle difference ranges should be more stable, resulting in a more
current and accurate set of alarm limits.

le
Electric Power Group. Built upon GRID-3P platform, US Patent 7,233,843, US Patent 8,060259, and US Patent 8,401,710.
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3. DATA SOURCES

Two sources of data were utilized to perform the study update analysis of voltage and angle differences
in the ERCOT network: phasor data and state estimator cases. A description of these sources of data is
provided below. In-service dates for the new CREZ lines were also obtained from transmission owners
and from ERCOT.

A. CREZLines Added to the ERCOT System

Table 1 below shows all the CREZ lines added to the ERCOT system during 2012, 2013, and 2014.

B. Phasor Data

ERCOT provided EPG with phasor data for the February to July 2014 period with a resolution of
30 samples per second (SPS). Through an automated process, EPG downloaded, cleaned, and
filtered data dropout to make it suitable for analysis. Further manual cleaning was necessary to
weed out remaining outliers.

After the data was extracted and pre-processed, another program, developed by EPG, was used to
extract the information and compile it into a summary table, and two series of graphs. One graph
(box-whisker) shows daily summaries of data, and the other, time duration curves, shows values
versus percent time for each study variable. The time duration curves were used to obtain the
metric values corresponding to 1% and 99% exceedance (the value which was less than 1% plus
inflection or greater than 99% minus inflection).

Phasor Measurement Units (PMUs) Installed in the ERCOT System

As of May 27, 2014, there were 69 PMUs installed in 31 locations across the ERCOT service
area. Table 2 below shows the 31 substations equipped with PMUs.

The Baselining Study Update 3 was completed using February to July, 2014, data which

included state estimator data for locations for which PMUs are installed, or for which PMUs are
planned.

Table 1 - CREZ 345 kV lines added to the ERCOT system as of April 14, 2014

External Report
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Table 1: CREZ 345 Lines added to the ERCOT system as of April 14, 2014

Year 2012
West 2
West 18
West 23
West 1
West 24

Year 2013
South 9
West 12
North 9
West 21
West 19
West 13
West 18
West 22
West 14
West 14
West 15
West 25
West 15
West 13
West 26
West 26
West 17
FarWest 10
West 8
West 13
West 25
West 12
West 3
West 16
West 27
North 10
West 3
28 West 3

Year 2014

FarWest 12
FarWest 10
West 16

FarWest 11
FarWest 13
FarWest 11
FarWest 14

O 0o NOOULL b WN B u b WN -

N NNNMNNMNMNNNRRPRPRPERPRRERR R R
N O U WNROWOVWWOWNOUD WNRO

N O bl WN R

FROM

(Subject to Confirmation by ERCOT)

T0

West 23
West 1
West 1
West 24
North 7

South 16
West 21
North 8
North 8
West 9
West 19
West 8
North 11
North 10
West 16
West 14
West 15
West 16
West 19
West 13
West 17
West 27
West 8
South 9
West 15
West 27
FarWest 11
West 9
West 3
West 13
North 11
West 21
West 22

FarWest 7
FarWest 12
West 19
FarWest 13
FarWest 7
FarWest 14
West 28

VOLTAGE IN-SERVICE DATES
345 February 10, 2012.
345 June 15, 2012.

345 June 16, 2012.

345 December 31, 2012.
345 December 31, 2012.
345 February 27, 2013.
345 March 6, 2013.

345 March 21, 2013.
345 March 24, 2013.
345 April 15, 2013.

345 April 29, 2013.

345 May 23, 2013.

345 June 30, 2013.

345 June 30, 2013.

345 July 31, 2013.

345 August 13, 2013.
345 August 15, 2013.
345 August 15, 2013.
345 August 19, 2013.
345 August 21, 2013.
345 August 21, 2013.
345 August 21, 2013.
345 August 31, 2013.
345 September 5, 2013.
345 September 18, 2013.
345 September 25, 2013.
345 September 30, 2013.
345 November 6, 2013.
345 November 7, 2013.
345 November 15, 2013.
345 December 5, 2013.
345 December 18, 2013.
345 December 19, 2013.
345 January 3. 2014.
345 January 3. 2014.
345 January 18. 2014.
345 March 22. 2014.
345 March 22. 2014.
345 March 22. 2014.
345 March 22. 2014.

* Electric Power Group
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Table 2 - List of Substations with PMUs Currently Connected to the ERCOT Grid, as of May27, 2014

Page 5

TABLE 2 - List of Substations with PMUs Currently Connected to the ERCOT Grid

as of May 27, 2014
Date-data
. Name of the Station stream
# |Company PMU Name PMU Name in D. Base where PMU is located | connected to Enabled | Base kV
ERCOT
1 AEP Line_1 Line_1@ West 14 West 14 7/25/2012 Yes 345
2 AEP Line_3 Line_3@West_4 West 4 7/2/2012 Yes 138
3 AEP Line_1 Line_1 Coast 3 4/30/2012 Yes 345
4 AEP Line_1 Line_1 Coast4 3/26/2012 Yes 345
5 AEP Line_1 Line_1@Coast_1 Coast 1 1/23/2012 Yes 138
6 AEP Line_1 Line_1@FarWest_9 FarWest 9 3/26/2012 Yes 138
7 AEP Line_1 Line_1 West 10 8/1/2008. Yes 69
8 AEP Line_1 Line_1 West 15 9/16/2013 Yes 345
9 AEP Line_1 Line_1 West 16 12/19/2013 Yes 345
10 AEP Line_1* Line_ 2@West_3 West 3 12/19/2013 Yes 345
11 AEP Line_1 Line_1 Coast 2 ?/2012 Yes 69
12 AEP Line_1 Line_l1@FarWest 2 FarWest 2 6/21/2013 Yes 69
13 AEP Line_1 Line_1@South_3 South 3 6/21/2013 Yes 138
14 AEP Line_1 Line_1@South_5 South 5 6/21/2013 Yes 69
15 AEP Line_1 Line_1@West_7 West 7 6/21/2013 Yes 138
16 ONCOR Line_1 Line_1 North 4 10/20/2010 Yes 138
17 ONCOR Line_1 Line_1 North 5 10/20/2010 Yes 138
18 ONCOR Line_1 Line_1 North 6 10/20/2010 Yes 138
19 ONCOR Line_1 Line_1 North 7 10/20/2010 Yes 138
20 ONCOR Line_1 Line_1 FarWest 4 10/20/2010 Yes 345
21 ONCOR Line_1 Line_1 West 11 3/9/2012 Yes 345
22 ONCOR Line_1 Line_1 FarWest 7 10/20/2010 Yes 345
23 ONCOR Line_1 Line_1 FarWest 8 3/9/2012 Yes 138
24 ONCOR Line_1 Line_1 West 6 10/20/2010 Yes 345
25 ONCOR Line_1 Line_1 North 1 11/28/2012 Yes 345
26 ONCOR Line_1 Line_1 West 9 6/21/2013 Yes 345
27 ONCOR Line_1 Line_1 West 12 6/21/2013 Yes 345
28 ONCOR Line_1 Line_1 West 5 6/21/2013 Yes 345
29 ONCOR Line_1 Line_1 West 2 6/21/2013 Yes 345
30 ONCOR Line_1 Line_1 West 1 6/21/2013 Yes 345
31 |SHARYLAND Line_3 Line_3@South 13 South 13 8/10/2012 Yes 138
Note: * Means new substations with PMU connected to ERCOT grid

C. State Estimator (SE) Data

ERCOT provided EPG with SE data for the February to July months of 2014. EPG used the

PowerWorld simulator, provided by ERCOT via PowerWorld, to extract approximately 25,419

SE cases. There was only one day, May 6, for which SE data was not available. This high-level

of SE data availability in 2014 was a significant improvement over 2013.

D. Data Availability

Data availability for the phasor data sources varied from substation to substation; the summary

table of phasor-based results shows the percent availability for each substation, or each pair,

analyzed. As shown inTable A-1, availability ranges from less than 20%, for FarWest 2 and Coast

2, to greater than 90% for eighteen PMUs. The remaining ten PMUs have availability ranging

* Electric Power Group
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from 62.08% (Coast 4) to 89.06% (Coast 1). Box-whisker plots in Appendix A provide a view

of data availability on a day-by-day basis.

Below is a summary of phasor data availability from Table A-1 for 2012, 2013, and 2014 (six

months):

2014

<20%
Coast 2
FarWest 2

2013

<20%
West 16
West 3
West 15

20% to 60%

None

20% to 60%

West 1
West 2
West 9
West 12
West 5
FarWest 2
South 3
South 5

* Electric Power Group

61% to 90%

Coast 1
West 4
West 14
Coast 4
Coast 3
South 13
FarWest 9
West 16
West 3
West 15

61% to 80%

West 14
West 4
Coast 4
Coast 3

External Report

>90%
West 10
West 11
South 3
South 5
West 1
West 2
West 9
West 12
West 5
West 6
North 1
North 4
North 5
North 6
FarWest 4
FarWest 7
FarWest 8
North 7

>80%
West 10
West 11
West 6
North 1
North 4
North 5
North 6
North 7
Coast 2
Coast 1
South 13
FarWest 4
FarWest 7
FarWest 8
FarWest 9

October 2014
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2012
<40%

West 14
North 1
Coast 2
South 6
FarWest 7

41% to 60% 61% to 80%
West 4 West 11
Coast 4 Coast 1
Coast 3 FarWest 8
South 13

FarWest 9

Page 7

>80%
West 10

North 7
North 2
North 4
North 5
West 6
North 6
FarWest 4

For SE data availability, ERCOT produces state estimator cases every 5 minutes for a total of

52,218 possible cases for the February to July months. ERCOT provided SE data at a rate of six

cases per hour. The total possible number of cases at this rate for the February to July period is
26,064. EPG received 25,419 cases, which means the availability of SE data for these 6 months
was approximately 97.5 %. State Estimator data availability has significantly improved during this

six-month period.

The graph below shows ERCOT SE data availability since January 1, 2012 until July 31, 2014.

ERCOT SE Data Availability

Year 2012 1/1-6/30

I I I I I
ERCOTomas - e e o s _ E —
| | | | |
01/01 02/01 03101 04/01 05/01 06/01 0711
Year 2012 7/11-12/31
T T T T T
ERCOT- -
| | | | |
07/01 08/01 09/01 10/01 11/01 12/01 01/1
Year 2013 1/1-6/30
I I I I I
ERCOT o
\ \ \ \ \
01/01 02/01 03/01 04101 05/01 06101 0711
Year 2013 7/1-12/31
I I I I I
| | | | |
07/01 08/01 09/01 10/01 11/01 12/01 01/01
Year 2014 1/1-8/31
I I I I I I
ERCOT~
| | | | | |
01/01 02101 03/01 04/01 05/01 06/01 07/01 08/01
External Report
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4. METHODOLOGY FOR BASELINE ANALYSIS FOR VOLTAGE ANGLES

This baseline analysis update for voltage angle was performed using the phasor data and state
estimator data obtained from ERCOT for six months of 2014 (February to July). This data was
processed to extract voltage angles. Minimum and maximum values for these variables were
documented in summary tables; box-whisker plots and time duration curves were developed for
each variable, and for each type of data used. Below is an analysis of voltage angles.

For the substation pairs selected for study, the following work was performed:

Obtained and processed phasor data and state estimator data.

Identified the substations for which phasor data is available and for which PMUs are planned.
Selected angle pairs of interest to ERCOT and the synchrophasor team members by

choosing substations that have, or soon will have, PMUs installed.

4. Extracted information to identify max, min, and average values from these data sources.
Prepared summary tables for the selected pairs showing results of all data, including data
saved during events.

5. Developed statistical charts, including time duration curve and box-whisker graphs, for
voltage angle pairs.

6. Identified limits corresponding to normal operation, excluding events and outages. To
exclude extreme values corresponding to outliers and to events, values corresponding to the
metrics within the 1% to 99% percent of the time range were identified as normal operating
limits.

7. Performed statistical analyses to identify angle differences limits for the selected pairs under
all conditions. Summarized angle difference limits.

e Established limits for normal operation based on the criteria described in the
corresponding methodology. Summarized angle difference limits.

e The limits for angle differences identified in this report shall be compared with ERCOT’s
criteria, if any, that apply to angle differences for the paths selected for this study.

8. Analyzed results, identified limits, and reported results for each pair selected.

5. BASELINE ANALYSIS FOR VOLTAGE ANGLES (REFERENCE: NORTH 7)

A. Substations Identified for Voltage Angle Analysis
The following substations were selected for voltage angle analysis, and the North 7 substation

was selected as a common reference.

External Report
* Electric Power Group October 2014



Baselining Analysis Update: 6-Months Data (February to July 2014)

Table 3 - Substations for Voltage Angle Difference Monitoring

Table 3 - SUBSTATIONS FOR VOLTAGE ANGLE
DIFFERENCE MONITORING (Reference: North 7)

# SUBSTATION kv REGION

1 West 10 69 Panhandle

2 West 14 345 Panhandle

3 West 1 345 Central

4 West 2 345 Central

5 West 9 345 Central

6 West 11 345 Central

7 West 12 345 Central

8 West 5 345 Central

9 West 6 345 Central

10 |North1 345 Dallas

11 |North4 138 Dallas

12 |North5 138 Dallas

13 |North6 138 East

14 |FarWest 2 69 West Texas

15 |West4 138 SouthWest

16 |Coast2 69 Valley

17 |Coastl 138 Valley

18 |South3 138 Valley

19 |South5 138 Valley

20 |Coast4 345 Valley

21 |Coast3 345 Valley

22 |South 13 138 Valley

23 |FarWest4 345 West Texas

24  |FarWest7 345 West Texas

25 |FarWest 8 138 West Texas

26 |FarWest9 138 West Texas

27 |West 16 345 Panhandle

28 |West3 345 Central

29 |West 15 345 Panhandle

30 |West8* 345 Central

31 |South 15 345 Central

32 |South 2* 345 Central-East

33 |South 4* 345 Central-East

34 |South 7* 345 Central-East

35 |South 9* 345 Central-East

36 |South 11* 345 Central-East

37 |South 10* 138 Valley

38 |West 17* 345 Panhandle

39 |West13* 345 Panhandle
NOTE: * Means substations without PMUs connected to ERCOT

External Report
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B. Summary of Results - All Data Included
The voltage angle results obtained from all solved SE cases, and all phasor data, are summarized

in Table A-1 below.

These results were obtained using all data available, including event and outage conditions. Under
these conditions, voltage angles would be expected to be larger than under normal conditions
because, during event and outage conditions, the angle spreads tend to increase in absolute
magnitude to reflect the changes in system conditions, or changes in system configuration. The
maximum Max-Min spreads observed were 91.4 degrees for South 13 138 kV substation and 81.5
degrees for Coast 4 345 kV substation. The lowest spread of 19.5 degrees was seen at North 6.
The angles for North 1 and North 6 were positive most of the time (93.5 and 78.8%, respectively),
whereas North 4, North 5, West 4, and South 5 substations were positive less than 20% of the
time; that is, the power flows from North 7 to these substations most of the time.

As expected, the Max-Min spreads from this update are smaller than those Max-Min spreads
found in the 2013 baselining study, particularly for those substations in the western and
Panhandle areas of Texas.

The phasor data for FarWest 2 appears to be unreliable given the inconsistent results (average of -
130.2 degrees). The SE data for this substation seems reasonable.
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Table A- 1 - Baselining Analysis — Voltage Angles — ALL Conditions
Table A-1: CCET DISCOVERY ACROSS TEXAS- BASELINING ANALYSIS - VOLTAGE ANGLES - ALL CONDITIONS

Page 11

(Reference: North 7)

Phasor Data - 2/1/2014 to 7/31/2014 o, ., .

State Estimator Data - 2/1/2014 to

No Angle Pair Base kV Percent |[Max-Min| Availabl Min Max |Average Pe"?‘?“t Max-Min
FROM - TO Min Max |Average|Positive | Spread e Positive| spread
T |West 10 69 -27.17 | 3837 | 505 | 57.90 | 6554 | 94.42 -26.56 | 37.13 | 4.63 |56.53%| 63.7
2 |West14 345 -18.62 | 19.39 | 3.32 | 72.36 | 38.01 | 75.78 -17.29 | 1695 | 3.13 [71.31%| 342
3 |west1 345 -27.01 | 3317 | 2.98 | 67.87 | 60.17 | 95.27 -10.60 | 1671 | 2.88 |67.11%]| 27.3
4 |West2 345 -1554 | 22.72 | 3.70 | 64.06 | 38.25 | 96.31 -15.43 | 22.63 | 3.59 [63.29%| 381
5 |West9 345 -16.46 | 2138 | 3.49 | 6630 | 37.84 | 96.24 -16.34 | 2145 | 3.49 |65.66%| 37.8
6 |West11 345 -18.16 | 26.39 | 3.59 | 60.44 | 4455 | 92.55 -18.18 | 26.06 | 3.26 |58.77%| 44.2
7 |West12 345 -16.91 | 22.19 | 3.57 | 64.33 | 39.10 | 96.26 -16.83 | 22.41 | 356 |63.63%| 39.2
8 |wests 345 -16.73 | 23.95 | 3.97 | 6432 | 4067 | 96.16 -16.71 | 25.08 | 3.95 [63.35%| 41.8
9 |West6 345 -16.91 | 23.88 | 4.08 | 64.88 | 40.79 | 96.07 -17.02 | 23.82 | 3.86 |63.41%| 408
10 |North1 345 -11.21 | 16.64 | 556 | 93.32 | 27.85 | 96.14 -8.17 | 16.09 | 547 [93.52%| 24.3
11 |North4 138 -17.64 | 828 | -3.88 | 11.70 | 25.92 | 96.21 -16.45 | 7.56 | -3.50 [13.06%| 24.0
12 |Norths 138 -21.82 | 10.06 | -5.54 | 878 | 31.87 | 95.74 -2090 | 8.89 | -5.70 | 7.95% | 29.8
13 |North 6 138 6.82 | 1470 | 3.65 | 84.01 | 2152 | 96.26 -6.15 | 13.30 | 2.82 [78.81%| 19.5
14 |FarWest 2 69 -162.27| -90.41 [-130.15| 0.00 | 71.86 | 14.32 2125 | 9.01 | -9.14 | 4.44% | 303
15 |West4 138 -31.82 | 16.98 | -6.27 | 17.11 | 48.80 | 88.34 -31.28 | 14.83 | -6.70 |14.97%| 46.1
16 |Coast 2 69 -24.78 | 20.95 | -3.25 | 30.05 | 4573 | 11.58 -31.62 | 2432 | -7.12 |17.68%| 55.9
17 |Coast 1 138 -32.87 | 59.15 | 1.64 | 5451 | 92.02 | 89.06 31.69 | 4522 | 1.08 |52.67%| 76.9
18 |South3 138 -44.24 | 4477 | 058 | 51.79 | 89.01 | 90.82 -26.06 | 3432 | 036 |50.96%| 60.4
19 |Souths 138 -29.91 | 16.90 | -7.46 | 10.45 | 46.80 | 92.41 -2451 | 11.25 | -7.31 [12.83%| 358
20 [Coast4 345 -33.74 | 51.82 | 515 | 63.02 | 8555 | 62.08 -32.03 | 4950 | 491 |62.89%| 815
21 |Coast3 345 -33.02 | 55.99 | 5.09 | 63.40 | 89.01 | 86.18 -32.03 | 49.03 | 458 |62.21%]| 811
22 |South 13 138 -42.85 | 48.42 | -0.16 | 47.27 | 91.27 | 69.34 -44.63 | 47.00 | -0.70 |46.41%| 916
23 |FarWest 4 345 -19.45 | 29.63 | 3.87 | 59.46 | 49.08 | 96.06 -19.36 | 29.19 | 3.64 |5850%| 486
24 |FarWest 7 345 2448 | 2817 | 1.05 | 51.98 | 52.65 | 95.91 2459 | 27.81 | 091 [51.01%| 524
25 |FarWest8 138 -35.13 | 20.96 | -8.52 | 22.22 | 56.08 | 91.49 -34.23 | 21.16 | -7.71 |25.13%| 55.4
26 |FarWest9 138 -25.35 | 31.81 | 1.19 | 5154 | 57.16 | 75.44 -23.43 | 3127 | 045 |4930%| 547
27 |West 16 345 -17.80 | 20.70 | 3.29 | 71.38 | 3850 | 72.64 -17.01 | 1750 | 3.36 |70.95%| 345
28 |West3 345 -14.90 | 16.41 | 3.45 | 73.71 | 3131 | 83.88 -14.46 | 16.13 | 3.14 [71.38%| 30.6
29 |West 15 345 -17.06 | 19.70 | 3.61 | 73.17 | 36.76 | 72.06 -16.92 | 1822 | 3.55 |71.36%| 35.1
30 |West 8* 345/138 -13.59 | 2561 | 2.05 |57.60%| 39.2
31 [South 15 345/138 771 | 15.46 | 143 |[62.28%| 23.2
32 [South 2* 345/138 559 | 16.26 | 2.91 [79.51%| 21.9
33 [South 4* 345/138 -857 | 1691 | 154 |[61.77%| 255
34 [South 7* 345/138| |No phasor data available for these substations for the -14.89 [ 22.14 393 |78.18%| 37.0
35 [South 9* 345/138 study period (2/1 to 7/1/2014) -10.29 | 11.74 | 1.06 |63.08%| 22.0
36 [South 11* 345/138 -9.77 | 1816 | 1.41 [59.32%| 27.9
37 |South 10* 138 -34.29 | 2401 | -7.19 |16.84%| 583
38 |West 17+ 345/138 -16.73 | 19.66 | 4.04 |71.99%| 36.4
39 |west13* 345/138 -16.81 | 1880 | 3.71 [70.67%| 35.6
NOTE: * Means substations without PMUs connected to ERCOTb July 31, 2014; no phasor data available

C. Summary of Results — Normal Conditions (Events and Outages Excluded)

The voltage angle results obtained from excluding extreme values based on analysis of the

box-whisker plots and time duration curves are shown in Table A- 2 below.
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Summaries of voltage angle pairs with their corresponding box-whisker and time duration curves

based on state estimator data, and based on phasor data, are presented in Appendix A, Parts 1 and 2.

NOTE: Phasor data availability for FarWest 2 and Coast 2 was less than 15% for the study period; all
other substations had data availability greater than 60%.

Table A- 2 - Baselining Analysis Update — Voltage Angles — Normal Conditions (Ref: 138 kV North 7)

Table A-2 - CCET DISCOVERY ACROSS TEXAS- BASELINING ANALYSIS - VOLTAGE ANGLES - NORMAL CONDITIONS
(Reference: 138 kV North 7)

Phasor Data State Estimator Data - 2/1/14 to 7/31/14 SE Data-Normal
Min Min Max Max
No Angle Pair Base KV ) MEEX- Per_ct-_:nt Angle at F(':rocle:rt Angle at :’:gr;e:: Angle at :i;:i’:_t Angle at :::)cle:: Min Max '\'/Iwai:-
FROM - TO Min Max Min Positive| POlor 100%) 99%o0r | hor. 1%) 1%or o6 +1%) POl or 0%) Angle | Angle soread
Angle | Angle | Spread 100% POI-1% POI+1% 0% P
1 [West10 69/138 -26.42 | 35.08 | 61.50 56.53% | -26.33 | 99.98% | -22.65 | 98.98% | 33.15 | 1.05% | 35.22 | 0.05% -26.33 | 35.22 61.6
2 |West14 345/138 -13.28 | 16.14 | 29.42 71.31% | -16.60 [ 99.97% | -9.48 | 98.97% | 13.90 | 1.02% | 16.61 | 0.02% -16.60 | 16.61 33.2
3 [West1 345/138 -10.38 | 16.58 | 26.96 67.11% | -9.26 | 99.94% | -7.01 | 98.94% | 13.04 | 1.03% | 15.89 | 0.03% -9.26 | 15.89 25.1
4 |West 2 345/138 -13.48 | 20.88 | 34.36 63.29% [ -13.63 | 99.94% | -10.84 | 98.94% | 18.60 | 1.06% | 21.03 | 0.06% -13.63 | 21.03 34.7
5 |West9 345/138 -13.47 | 19.41 | 32.88 65.66% | -13.06 | 99.81% | -10.71| 98.81% | 17.48 | 1.03% | 20.77 | 0.03% -13.06 | 20.77 33.8
6 [West11 345/138 -15.79 | 24.26 | 40.05 58.77% | -16.19] 99.93% | -13.50| 98.93% | 21.03 | 1.03% | 24.20 | 0.03% -16.19 | 24.20 | 40.4
7 [West12 345/138 -14.21| 20.33 | 34.54 63.63% [ -14.63 | 99.93% | -11.36| 98.93% | 18.74 | 1.02% | 21.86 | 0.02% -14.63 | 21.86 36.5
8 |West5 345/138 -14.28 | 21.52 | 35.80 63.35% [ -14.50 | 99.92% | -11.59| 98.92% | 21.26 | 1.02% | 24.66 | 0.02% -14.50 | 24.66 39.2
9 |West6 345/138 -14.34 | 21.84 | 36.18 63.41% | -14.92| 99.94% | -11.68 | 98.94% | 19.90 | 1.06% | 22.51 | 0.06% -14.92 | 22.51 37.4
10 [North 1 345/138 -6.67 | 14.71 | 21.38 93.52% | -6.78 | 99.95% | -3.75 | 98.95% | 12.45 | 1.02% | 15.75 | 0.02% -6.78 | 15.75 22.5
11 [North 4 138 -15.94| 6.11 22.05 13.06% | -16.15 | 99.98% | -12.88 | 98.98% | 4.41 | 1.04% | 6.79 | 0.04% -16.15 [ 6.79 22.9
12 [North 5 138 -18.85| 8.17 27.02 7.95% |-18.87 | 99.93% | -15.29 | 98.93% | 4.33 | 1.04% | 7.64 | 0.04% -18.87 | 7.64 26.5
13 [North 6 138 -4.95 | 12.50 | 17.45 78.81% | -5.91 [ 99.99% | -3.81 [ 98.99% | 9.93 | 1.05% | 12.56 | 0.05% -5.91 | 12.56 18.5
14 |FarWest 2 69/138 -151.20(-101.40| 49.80 4.44% | -21.06 [ 99.98% | -18.19| 98.98% | 3.80 | 1.05% | 7.55 | 0.05% -21.06 [ 7.55 28.6
15 [West4 138 -31.12 | 13.81 | 44.93 14.97% | -29.59 | 99.91% | -23.63 | 98.91% | 9.00 | 1.08% | 12.89 | 0.08% -29.59 [ 12.89 | 42.5
16 |Coast2 69/138 -23.69 | 19.29 | 42.98 17.68% | -28.60 | 99.93% | -23.17 | 98.93% | 14.15 | 1.05% | 23.20 | 0.05% -28.60 [ 23.20 | 51.8
17 |Coast1 138 -28.38 | 40.80 | 69.18 52.67% | -29.94 | 99.98% | -24.09 | 98.98% | 30.94 | 1.07% | 41.21 | 0.07% -29.94 | 41.21 71.2
18 [South 3 138 -24.78 | 27.99 | 52.77 50.96% | -25.01| 99.97% | -19.46 | 98.97% | 22.40 | 1.08% | 31.17 | 0.08% -25.01 | 31.17 56.2
19 [South 5 138 -24.90 | 13.04 | 37.94 12.83% | -21.72 | 99.78% | -19.16 | 98.78% | 7.26 | 1.06% | 10.82 | 0.06% -21.72 | 10.82 | 32.5
20 |Coast4 345/138 -28.96 | 47.63 | 76.59 62.89% | -29.09 | 99.94% | -20.87 | 98.94% | 34.65 | 1.04% | 47.54 | 0.04% -29.09 | 47.54 | 76.6
21 |Coast3 345/138 -26.38 | 46.84 | 73.22 62.21% | -29.06 | 99.94% | -20.89 | 98.94% | 34.22 | 1.02% | 47.73 | 0.02% -29.06 | 47.73 76.8
22 |South 13 138 -31.17 | 45.74 | 76.91 46.41% | -40.30 [ 99.94% | -27.59 | 98.94% | 30.63 | 1.02% | 45.16 | 0.02% -40.30 | 45.16 | 85.5
23 |FarWest 4 345/138 -18.25| 26.24 | 44.49 58.50% | -18.25] 99.97% | -15.03 | 98.97% | 23.91 | 1.02% | 28.22 | 0.02% -18.25 | 28.22 | 46.5
24 |FarWest 7 345/138 -22.45| 23.62 | 46.07 51.01% | -22.50| 99.93% | -18.51| 98.93% | 20.71 | 1.05% | 24.87 | 0.05% -22.50 | 24.87 | 47.4
25 |FarWest 8 138 -31.51| 15.85 | 47.36 25.13% | -33.09 | 99.98% | -27.22 | 98.98% | 13.62 | 1.02% | 20.05 | 0.02% -33.09 [ 20.05 | 53.1
26 |FarWest9 138 -22.92 | 26.28 | 49.20 49.30% | -22.76 [ 99.98% | -19.42 | 98.98% | 23.22 | 1.04% | 27.32 | 0.04% -22.76 | 27.32 50.1
27 [West 16 345 -13.41| 16.31 | 29.72 70.95% | -15.72 | 99.95% | -9.17 | 98.95% | 14.80 | 1.02% | 17.22 | 0.02% -15.72 | 17.22 32.9
28 |West3 345 -11.29 | 15.25 | 26.54 71.38% [ -13.80| 99.97% | -8.18 | 98.97% | 13.36 | 1.02% | 15.82 | 0.02% -13.80 | 15.82 29.6
29 |West 15 345 -13.38 | 17.43 | 30.81 71.36% | -13.37 [ 99.88% | -9.12 | 98.88% | 15.60 | 1.03% | 17.87 | 0.03% -13.37 | 17.87 31.2
30 |West 8* 345 57.60% | -12.53 | 99.88% | -8.30 | 98.88% | 15.40 | 1.02% | 24.59 | 0.02% -12.53 | 24.59 37.1
31 [South 15 345 62.28% | -6.84 | 99.95% | -5.03 | 98.95% | 12.29 | 1.02% | 15.18 | 0.02% | | -6.84 | 15.18 | 22.0
32 |South 2* 345 79.51% | -5.17 | 99.95% | -3.25 | 98.95% | 12.95 | 1.04% | 15.60 | 0.04% -5.17 | 15.60 20.8
33 |South 4* 345 61.77% | -6.73 | 99.84% | -5.45 | 98.84% | 13.29 | 1.03% | 16.40 | 0.03% -6.73 | 16.40 23.1
34 |South 7* 345 No phasor data available 78.18% | -7.72 [ 99.93% | -4.84 | 98.93% | 17.58 | 1.06% | 21.40 | 0.06% -7.72 | 21.40 29.1
35 [South 9* 345 for these substations 63.08% | -8.06 | 99.92% | -6.00 | 98.92% | 8.65 | 1.04% | 11.25 | 0.04% -8.06 | 11.25 19.3
36 [South 11* 345 59.32% | -8.54 [ 99.95% | -6.36 | 98.95% | 14.18 | 1.02% | 17.66 | 0.02% -8.54 | 17.66 26.2
37 |South 10* 138 16.84% | -33.46 | 99.98% | -24.81 | 98.98% | 13.81 | 1.02% | 23.43 | 0.02% -33.46 | 23.43 56.9
38 |West 17* 345 71.99% [ -16.10| 99.97% | -9.41 | 98.97% | 16.84 | 1.09% | 18.71 | 0.09% -16.10 | 18.71 34.8
39 [West 13* 345 70.67% | -14.68 [ 99.92% | -9.42 | 98.92% | 16.21 | 1.09% | 18.09 | 0.09% -14.68 | 18.09 32.8
Note: The substations market with * did not have PMUs installed by July 31, 2014: no phasor data available.
NOTE: the substations noted with a * have no phasor data available.
D. Observations — Normal Conditions
1. Angles and angle spreads from State Estimator data track well with those obtained with
phasor data, except for FarWest 2 and Coast 2. Phasor data for these two substations
was incomplete or unreliable.
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2. Voltage angle fluctuations have been reduced and now they vary over a smaller range.
There are only five substations with Max-Min angle spreads of more than 60 degrees.
The largest angle variations occurred among the substations in the southern part of the
state: South 13 with 85.5 degrees (-40.3 to 45.2 degrees), Coast 3 with 76.8 degrees
(-29.1to 47.7 degrees), Coast 4 with 76.6 degrees (-29.1 to 47.5 degrees), and Coast 1
with 71.2 degrees (-29.9 to 41.2 degrees).

3. Only two substations had a Max-Min angle spread of less than 20 degrees: North 6 (18.5
degrees) and South 9 (19.3 degrees). All other substations have Max-Min spreads in the 21
to 61 degree range.

4. With the addition of the CREZ lines, the voltage angles in the Central and Western part
of the state (FarWest 7, West 11, West 6, FarWest 8, FarWest 9, FarWest 4, West 2,
West 9, and West 5) varied within a range significantly smaller than in 2013.

5. The four largest normal condition angles in degrees observed were at Coast 3 (47.73),
Coast 4 (47.74), South 13 (45.16), and Coast 1 (41.21).

6. The smallest normal condition angles in degrees occurred at South 13 (-40.30) and
South 10 (-33.46).

6. COMPARISON OF VOLTAGE ANGLE PAIRS (Reference: North 7) — 2012 vs. 2013 vs. 2014

A. Goal:

EPG performed a comparison of voltage angle pairs for a number of pairs to determine the effect
the new CREZ lines had on the performance of the ERCOT grid. The covered period includes the
months of February to July for a fair comparison. Following are the results of that comparison.

B. Pairs Selected For Comparison

Sixteen pairs were selected to compare voltage angles between 2012, 2013 and 2014
conditions. They are listed in Table 4 below.
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TABLE 4: ANGLE PAIRS FOR VOLTAGE ANGLE COMPARISON
(Monthly Median for 2012, 2013 and 2014)

# |Substation A Substation B From Region To Region
1 |West10 North 7 Panhandle Central-East
2 |West 14 North 7 Panhandle Central-East
3 |West 16 North 7 Panhandle Central-East
4 |West 19 North 7 Panhandle Central-East
5 |West9 North 7 Panhandle Central-East
6 |West5 North 7 Panhandle Central-East
7 |FarWest7 North 7 West Texas Central-East
8 |FarWest7 South 9 West Texas Central-East
9 |West1l North 7 West Texas Central-East
10 |North 5 North 7 Dallas Central-East
11 [North 6 North 7 East Central-East
12 |Coast 1 North 7 Valley Central-East
13 |South 13 South 11 Valley Valley
14 |West 4 South 11 Valley Valley
15 |FarWest 9 South 11 West Texas Valley

C. Procedure

Page 14

This monthly median comparison was completed using median values to avoid, as much as
possible, distortions in the comparison. State Estimator data was collected for the February to July
months of 2012, 2013, and 2014, and analyzed to produce monthly median comparison values

shown in Table 5 below.

Monthly median graphs for each of the 16 pairs are shown in Appendix C for the years 2012, 2013

and the six months of 2014. Box-whisker plots were also developed for each pair using median

values, and are also shown in Appendix C.

D. Results

The results of the comparison are shown in Table 5 below.
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Table 5 - Voltage Angle Comparison (Monthly Median), 2012, 2013 and 2014

Table 5 - BASELINING ANALYSIS UPDATE #3 - VOLTAGE ANGLE COMPARISON

Page 15

(February to July months) - 2012, 2013, and 2014

. . . 2014-2013
4 Angle Pair 2012 Median | 2013 Median (2014 Median Difference
1 |West 10-North 7 13.12 9.42 3.29 -6.13
2 |West 14-North 7 7.84 8.99 3.36 -5.63
3 [West 16-North 7 N/A N/A 3.51 N/A
4 |West 19-North 7 N/A 10.38 3.31 -7.07
5 [West 9-North 7 9.90 8.46 3.03 -5.43
6 [West 5-North 7 9.45 8.34 3.04 -5.30
7 |FarWest 7-North 7 7.61 6.84 0.27 -6.57
8 |FarWest 7-South 9 4.18 7.98 -0.08 -8.06
9 |West 11-North 7 9.68 8.20 2.33 -5.87
10 |North 5-North 7 -1.38 -4.56 -5.96 -1.40
11 |North 6-North 7 5.31 3.71 2.84 -0.87
12 |Coast 1-North 7 11.21 -0.36 0.90 1.26
13 |South 13-South 11 0.62 -3.08 -2.55 0.53
14 |West 4-South 11 -9.84 -5.08 -7.95 -2.87
15 |FarWest 9-South 11 3.53 5.00 -1.32 -6.32
16 |South 11-North 7 3.83 -1.04 0.93 1.97

E. Review of Results in Table 5 Shows the Following:

i. All pairs in the list, except Coast 1 and North 5 to North 7, West 4 to South 11, and
South 11 to North 7, had a decrease in monthly angle median.

ii. Nine pairs, all located in either west Texas or the Panhandle area, had a decrease in angle
from 2013 to 2014, between 5.30 to 8.06 degrees. The largest difference of 8.06 degrees
occurred on the FarWest 7 to South 9 pair. NOTE: 22 new CREZ lines were added to the
ERCOT system between July 31, 2013 and January 18, 2014. All these lines were added in
the Central, Western, and Panhandle areas of Texas.

iii. North 6 seems to be delivering less power to North 7, in 2014 than in 2013, since
the median voltage angle went down 0.87 degrees.

iv. The North 5 and West 4 to North 7 pairs had their voltage angle go more negative;

North 5 and West 4 appear to be drawing power from North 7 more often.

v. Onthe other hand, the voltage angle median for Coast 1 to North 7 increased by 1.26
degrees and, it seems, Coast 1 delivered power to North 7 in 2014 more days than it
received.

vi. The South 13 to North 7 pair had their voltage angle go less negative; South 13 appears to
be drawing less power from North 7.

F. Conclusions
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The voltage angles for substations in west Texas and the Panhandle area have tightened
(smaller angles referenced to North 7) significantly due to the addition, during the second
half of 2013 and January of 2014, of 22 new CREZ lines between these substations and
the central area of Texas.

A re-distribution of power has occurred among the several transmission lines in the Valley

area of Texas.

iii. These voltage angle monthly medians are likely to change less in the future, unless a

significant amount of wind power is added in the western area and the Panhandle areas of

Texas, displacing generation in other areas, such as the Valley area.
iv. The new CREZ lines, added in March 2014, are not expected to result in any major
changes in voltage angle monthly medians.

7. BASELINE ANALYSIS FOR ANGLE DIFFERENCES

A. Pairs of Substations Identified for Angle Difference Analysis

The following pairs of substations were selected to perform analysis of angle difference (also see

map below):

Table 6 - Angle Pairs for Angle Differences Analysis Update 3

TABLE 6: ANGLE PAIRS FOR ANGLE DIFFERENCES ANALYSIS UPDATE #3

PAIRS WITH PHASOR DATA AVAILABLE

# | Substation A Substation B From Region To Region
1 | Coastl South 13 Valley Valley
2 | West5 West 10 Central Panhandle
3 | West5 FarWest 4 Central West Texas
4 | West5 North 1 Central Central
5 | North 1 North 4 Dallas Central
6 | North4 North 6 Central East
7 | FarWest 7 FarWest 4 West Texas West Texas
8 | FarWest 7 West 14 West Texas Panhandle
9 | FarWest 7 FarWest 8 West Texas West Texas
10 | FarWest 7 FarWest 9 West Texas West Texas
11 | West 12 FarWest 7 Central West Texas
12 [ West 12 West 1 Central Central-East
13 [ West 12 North 1 Central Dallas
14 | West 14 West 5 Panhandle Central
15 | West 14 North 1 Panhandle Dallas
16 | FarWest9 West 4 West Texas Southwest
17 | West 16 West 3 Panhandle Panhandle
External Report
* Electric Power Group October 2014




Baselining Analysis Update: 6-Months Data (February to July 2014) Page 17
18 [ West 16 West 14 Panhandle Panhandle
19 [ West 15 West 14 Panhandle Panhandle

PAIRS WITHOUT PHASOR DATA AVAILABLE

20 | Coast 1 South 10* Valley Valley
21 | South 3 South 11* Valley Central-East
22 | South 11* North 7 Valley Central-East
23 | North 7 South 7* Central-East Central-East
24 | North 7 South 9* Central-East Central-East
25 | West 11 West 8* Central Central
26 | West 8 South 9* Central Central-East
27 | FarWest 7 South 9* West Texas Central-East
28 | FarWest 9 South 9* West Texas Central-East
29 | West 19* West 9 Panhandle Panhandle

* Denotes substations without existing PMUs or w/o phasor data stream
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B. Summary of Results — All Data Included

Table B-1 below contains angle difference results for all those angle pairs selected for study.
Nineteen pairs with phasor data were included in the analysis (total of 29). Table B-1 shows min,
max, and average values for angle differences obtained from all data received for the period of

February to July, 2014 (all solved SE cases and all phasor data, normal and contingency conditions).

Phasor data was not available for seven of the pairs selected for study; no phasor results are

provided for those pairs.

NOTE: Phasor data availability for FarWest 2 and Coast 2 was less than 15% for the study period;
all others had data availability greater than 60%. State Estimator data availability was very good

for this period, with only one day of data missing.

Observation of Table B-1 results shows the following:

1. The highest Max-Min angle spread occurred at FarWest 9-South 9 (63.0 degrees).
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2. Five pairs have spreads between 40 and 60 degrees: Coast 1-South 13, FarWest 9-West 4,

Coast 1-South 10, West 8-South 9, and FarWest 7-South 9.

3. Max-Min angle spreads of less than 10 degrees occurred on four pairs: West 16-West 3,

West 16-West 14, West 15-West 14, and West 19-West 9.

4. The remaining nineteen pairs have angle spreads between 11.2 and 39.9 degrees.

5. Angle spreads for the February-July, 2014 period are lower than those found for the same
period in 2013, due to the addition of the CREZ lines to the ERCOT system.
6. The maximum voltage angle found in this update was 39.8 degrees on the Coast 1-South 10

pair.

7. Only two pairs have minimum voltage angles lower than -25 degrees: FarWest 7-South 9

(-28.73 degrees) and FarWest 9-South 9 (-29.98 degrees).

Table B- 1 - Baselining Analysis — Summary of Angle Differences — All Data

Table B-1 -CCET DISCOVERY ACROSS TEXAS- BASELINING ANALYSIS- SUMMARY OF ANGLE DIFFERENCES
ALL DATA
Phasor Data - 2/1/2014 to 7/31/2014 State Estimator Data - 2/1/2014 to
Angle Pair Base kV Min Max M.?x- Perf:e'nt % Data Min Max |Average Perf:e.nt Ma.x-
Min_|Positive | Avajlable Positive| Min
1 [Coast 1-South 13 138kV -19.61 | 29.53 | 49.13 | 57.18 | 64.41 -18.05 | 25.38 1.95 58.7% | 43.4
2 |West 5-West 10 345/69kV -18.11 | 17.25 | 35.36 | 49.13 [ 94.22 -17.37 | 16.79 | -0.69 | 50.2% 34.2
3 |West 5-FarWest 4 345kV -7.53 | 6.34 | 13.88 | 53.04 | 95.86 -7.19 6.01 0.32 57.5% 13.2
4 |West 5-North 1 345kv -15.49 | 16.48 | 31.97 | 39.25 | 95.94 -15.59 | 1894 | -1.53 | 39.0% | 34.5
5 |North 1-North 4 345/138kV 4.15 | 15.96 | 11.81 | 100.00 | 95.98 391 | 15.87 8.95 | 100.0%| 12.0
6 |North 4-North 6 138kV -23.96 | 4.47 |28.44 | 2.52 96.12 -22.28 | 4.89 -6.32 4.5% 27.2
7 |FarWest 7-FarWest 4 345kvV -13.78 | 2.72 | 16.50 | 3.65 95.60 -8.55 2.60 -2.66 3.7% 11.2
8 |FarWest 7-West 14 345kV -18.00 | 15.72 | 33.72 | 39.11 | 75.41 -17.93 | 15.29 | -2.22 | 36.4% | 33.2
9 |FarWest 7-FarWest 8 345/138kV 3.77 | 15.21 | 11.44 | 100.00 | 91.44 291 | 14.13 8.63 | 100.0% | 11.2
10 |FarWest 7-FarWest 9 345/138kV -6.99 | 8.39 | 15.38 | 57.22 | 74.99 -7.61 7.98 0.46 56.7% | 15.6
11|West 12-FarWest 7 345kv -6.25 | 11.71 | 17.96 | 80.26 | 95.80 -5.73 | 11.15 2.63 81.7% 16.9
12 |West 12-West 1 345kv -19.99 | 23.53 | 43.52 | 55.78 [ 95.18 -6.23 7.08 0.67 55.9% | 13.3
13 |West 12-North 1 345kV -14.56 | 14.66 | 29.22 | 36.87 | 96.03 -14.38 | 14.51 | -1.92 | 36.6% | 28.9
14 |West 14-West 5 345kv -12.42 | 9.52 | 21.94 | 45.55 | 75.57 -14.74 | 9.36 -0.80 | 47.3% 24.1
15|West 14-North 1 345kvV -10.83 | 8.19 [ 19.02 | 27.56 [ 75.56 -10.51 | 8.08 -2.33 25.4% | 18.6
16 |FarWest 9-West 4 138kV -25.83 | 35.38 | 61.21 | 76.95 [ 73.49 -24.30 | 34.76 7.17 77.2% | 59.1
17 |West 16-West 3 345kv -2.56 | 4.60 | 7.17 | 64.42 | 66.21 -3.40 4.34 0.20 65.2% 7.7
18 |West 16-West 14 345kV -1.46 | 1.60 | 3.06 | 61.37 | 58.57 -2.11 2.21 0.05 52.3% 4.3
19 |West 15-West 14 345kV -4.57 | 9.44 | 14.01 | 68.45 | 61.22 -2.41 2.95 0.27 65.2% 5.4
20 [Coast 1-South 10* 138kV -12.27 | 39.84 8.22 79.1% 52.1
21 |South 3-South 11* 138kV -20.61 | 19.30 | -1.12 | 46.9% 39.9
22 [South 11*-North 7 345/69kV -9.77 | 18.16 1.41 59.3% 27.9
23 [North 7-South 7* 138/345kV -22.14 | 14.89 | -3.92 | 21.9% 37.0
24 |North 7-South 9* 138/345kV Phasor data is not available for these -11.74 | 10.29 | -1.04 | 37.1% 22.0
25 [West 11-West 8* 345kv pairs -9.83 | 10.00 1.21 62.9% 19.8
26 |West 8-South 9* 345kvV -20.58 | 22.57 0.98 56.6% | 43.2
27 [FarWest 7-South 9* 345kV -28.73 | 30.91 | -0.14 | 49.6% | 59.6
28 [FarWest 9-South 9* 138/345kV -29.98 | 32.99 | -0.60 | 46.8% 63.0
29 |West 19*-West 9 345kV -6.13 3.78 -0.07 | 50.4% 9.9
* Denotes substations without existing PMUs or w/o data stream; no phasor data available for the Feb-July, 2014 period.
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C. Criteria to Identify Normal Operations Limits for Angle Differences

The data received, both phasor and state estimator, provide information for all conditions

during the study period, including those conditions where the system experienced outages of

lines or generators. This study is intended to provide angle difference limits that can be

expected during normal operations; that is, when all facilities are in service. The following

criteria were used to determine the angle difference limits expected during normal operations
for the selected substation pairs.

Vi.

Vii.

If the angle difference time duration curves show only positive angles, then two limits will
be identified: one corresponding to the angle difference that occurred at about one percent
of the time, and the other corresponding to the maximum value observed.

If the angle difference time duration curves show positive as well as negative angles, then
four limits will be identified, two for one direction of flow, and two for the opposite
direction of flow, based on the criteria below:

e The first limit in either direction will be set using state estimator results by selecting the
maximum (or minimum) angle difference observed on the corresponding time duration
curves if the box-whisker and time duration plots show no extreme values (outliers or
extreme values due to events in the system). If extreme values or outliers are present, a
point of inflection will be determined, and the maximum or minimum angle will be set
at the angle corresponding to the point of inflection.

e The second maximum limit will be set at the angle difference which occurred 1%
more time than the time corresponding to the selected first maximum limit, based on
the time duration curve. The second minimum limit will be set at the angle difference
corresponding to 1% less time than the time corresponding to the selected first
minimum limit.

In some cases, such as when there was an extended outage, EPG reproduced the time
duration curve, excluding those days when the extended outage occurred, to determine
the angle differences corresponding to normal conditions.

The 1% values can be used to set alarms for the operators to be notified of impending
maximum angle differences. The maximum and minimum values can be used to set alarms
notifying the operator that expected maximum or minimum values have been reached.
The alarms should be monitored for a year against actual values observed during
operation. If maximum values are exceeded, the observed values should be logged and
documented for further analysis and updates.

Maximum and minimum voltage angles and their differences obtained for the pair analyzed
in this update are not expected to change significantly unless major changes occur in
generation output, such as a large increase in wind power production, or additional major
transmission lines are added to the ERCOT system in addition to those CREZ lines already in
service.

This analysis should be revised based on the entire 12 months of 2014 historical data
obtained with all the new CREZ transmission lines in service.
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The angle difference results for normal conditions are summarized in Table B-2below, which was

developed based on the criteria described above.

Box-whisker and time duration curves were developed for each of the pairs analyzed. Angle

differences that may be the results of contingencies were excluded by reviewing points of

inflection; that is, points that significantly deviated from the normal operation trend observed in

the box-whisker plots. The value of angle difference at the point of inflection was considered to be

the maximum angle during normal conditions. If no outlier points were identified, then the angle

corresponding to the 0% or 100% time points represents the maximum and minimum angles

reached during normal operations in either direction of flow. SE-based voltage angle pairs with

their corresponding box-whisker and time duration curves, as well as phasor-based voltage angle

pairs with their corresponding box-whisker and time duration curves, are presented in Appendix B.

Table B- 2 - Baselining Analysis — Summary of Angle Differences — Normal Data

Table B-2 -CCET DISCOVERY ACCROSS TEXAS- BASELINING ANALYSIS- SUMMARY OF ANGLE DIFFERENCES - NORMAL CONDITIONS

DATA RESULTS (Study Period: February 1 to July 31, 2014)

Phasor Data State Estimator Data SE Data

Angle Pair Min Max Ma.x- Percent An,:llle“at Percent An'\gnllenat Percent Anl\;llaexat Percent An':Iaexat Percent Min | Max Ma.x-
No FROM - TO Base kV Angle | Angle Min Positive | POl or Potor |* o | ©9%°7 |10 o porl A%0F [ poror | POIOF Angle | Angle Min

M- 1Y Spread 100% | 190%) | ooy 19 |POI- 19 [ 1 |POIH 0%) 4 4 Spread
1 |Coastl South 13 138 [-16.41] 20.79 | 37.20 58.74% | -17.09 |199.97%| -12.22 | 98.97% | 17.08 | 1.03% [ 24.77 | 0.03%| |-17.09| 24.77 | 41.9
2 [West5 West 10 345/69 | -16.88 | 17.05 | 33.93 50.21% | -16.81 |99.98%| -15.09 | 98.98% | 13.40 [ 1.12% [ 16.31 |0.12%| |-16.81| 16.31 | 33.1
3 [West5 FarWest 4 345 | -5.99 | 6.08 | 12.07 57.47% | -5.93 |99.94%| -4.44 [98.94%| 5.03 | 1.02% | 5.85 |0.02% -5.93 [ 585 | 11.8
4 |West5 North 1 345 |-14.46| 15.72 | 30.18 39.02% | -14.83 [99.96%| -13.34 | 98.96% | 15.15 | 1.04% | 18.39 [ 0.04%| |-14.83| 18.39 | 33.2
5 |North 1 North 4 345/138| 4.41 | 15.84 | 11.43 100.00%| 3.98 [99.98%| 4.50 |98.98% | 13.64 | 1.03% [ 15.29 | 0.03% 3.98 [15.29| 113
6 North 4 North 6 138 |-23.62| 3.56 | 27.18 4.47% | -21.73 [99.88%| -19.88 | 98.88% | 2.27 | 1.02% | 4.73 [0.02%| [-21.73| 4.73 | 26.5
7 |FarWest 7 FarWest 4 345 | -9.66 | 1.48 | 11.14 3.67% | -8.00 [99.93%| -5.98 | 98.93%| 0.69 | 1.06% | 2.13 |0.06% -8.00 [ 2.13 | 10.1
8 |FarWest7 West 14 345 |-16.58 | 14.59 | 31.17 36.42% | -16.19 [99.90%| -14.80 | 98.90% | 11.79 | 1.01% | 15.02 {0.01%| [-16.19| 15.02 | 31.2
9 |FarWest7 FarWest 8 345/138| 6.08 | 14.66 | 8.58 100.00%| 4.82 [99.98%| 5.80 |98.98% | 12.04 | 1.02% | 13.79 | 0.02% 4.82 | 13.79 9.0
10 [FarWest 7 FarWest 9 345/138| -6.88 | 6.73 | 13.61 56.69% | -7.10 |99.97%| -5.83 [98.97%| 5.69 | 1.05% | 7.20 |0.05% -7.10 | 7.20 | 143
11 [West 12 FarWest 7 345 | -5.36 | 11.47 | 16.83 81.73% | -5.40 |99.97%| -3.53 [98.97%| 9.60 | 1.06% | 10.95 | 0.06% -5.40 [ 10.95 | 16.4
12 |West 12 West 1 345 | -6.47 | 6.70 | 13.17 55.89% | -5.93 |99.97%| -4.50 [98.97%| 5.85 | 1.01% | 6.73 |0.01% -5.93 | 6.73 | 12.7
13 |West 12 North 1 345 |-13.86| 14.03 | 27.89 36.62% | -14.14 |99.96%| -12.59 | 98.96% | 12.20 | 1.01% | 14.39 | 0.01% -14.14] 14.39 | 28.5
14 |West 14 West 5 345 |-11.55| 8.71 | 20.26 47.27% | -14.27 |99.94%( -12.10 | 98.94% | 7.31 | 1.04% | 9.17 | 0.04% -14.27| 9.17 234
15 |West 14 North 1 345 [-10.53| 7.86 | 18.39 25.43% | -10.32 [99.98%| -8.84 | 98.98%| 4.82 | 1.02% | 8.01 [0.02%| |-10.32| 8.01 | 18.3
16 |FarWest9 West 4 138 |[-24.16| 33.55 | 57.71 77.17% | -23.42 199.95%| -14.49 | 98.95% | 27.60 | 1.02% [ 34.29 | 0.02%| |-23.42|34.29 | 57.7
17 [West 16 West 3 345 | -2.38 | 3.49 | 5.87 65.21% | -3.29 [99.98%| -2.31 | 98.98%| 3.58 | 1.04% | 4.25 [0.04% -3.29 | 4.25 7.5
18 |West 16 West 14 345 -1.32 1.51 2.83 52.35% | -2.04 [99.95%| -1.38 | 98.95%| 1.65 | 1.11% | 2.15 [0.11% -2.04 | 2.15 4.2
19 |West 15 West 14 345 | -3.86 | 7.92 | 11.78 65.17% | -2.33 |99.96%| -1.38 | 98.96%| 2.13 | 1.02% | 2.93 [0.02% -2.33 | 2.93 5.3
20 [Coast1 South 10* 138 79.11% | -11.38 |99.93%| -6.93 | 98.93% | 25.86 | 1.02% | 38.17 | 0.02%| |-11.38| 38.17 | 49.5
21 |South 3 South 11* 138/345 46.89% | -20.36 |99.99%| -16.23 [ 98.99% | 12.12 | 1.02% | 18.02 | 0.02%| |-20.36| 18.02 | 38.4
22 |South 11* North 7 138/345 59.32% | -9.24 [99.99%| -6.41 | 98.99% | 14.21 | 1.01% | 18.05 [ 0.01% -9.24 | 18.05 | 27.3
23 [North 7 South 7* 138/345 NO PHASOR DATA 21.92% | -21.56 [99.95%| -17.62 | 98.95% | 4.89 | 1.06% | 13.70 [ 0.06%| |-21.56| 13.70 [ 35.3
24 [North 7 South 9* 138/345 AVAILABLE FOR THESE 37.10% | -11.16 |99.96%| -8.65 | 98.96%| 6.06 [ 1.02% [ 9.89 |0.02%| |-11.16| 9.89 | 21.1
25 |West 11 West 8* 345 PAIRS 62.92% | -9.19 [99.96%| -6.74 | 98.96%| 8.05 | 1.02% | 9.88 [0.02% -9.19 | 9.88 | 19.1
26 |West 8 South 9* 345 56.63% | -18.44 |199.92%| -11.31 [ 98.92% | 12.69 | 1.05% | 21.88 | 0.05% -18.441 21.88 | 40.3
27 |[FarWest 7 South 9 345 49.58% | -27.44 199.94%| -21.70 | 98.94% | 20.10 | 1.02% [ 29.95 | 0.02%| |-27.44]29.95| 57.4
28 |[FarWest 9 South 9* 138/345 46.80% | -29.16 |99.97%| -22.63 | 98.97% | 20.92 [ 1.03% [ 31.73 |0.03%| |-29.16| 31.73 | 60.9
29 [West 19* West 9 345 50.40% | -5.79 199.94%| -4.59 [98.94%| 2.81 | 1.01% | 3.50 |0.01% -5.79 | 3.50 9.3

Note: The substations market with * did not have PMUs installed by July 31, 2014: no phasor data available.
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E. Observations from Table B-2:

I.  The maximum Max-Min angle spreads under normal conditions occurred at FarWest 9-
South 9 with 60.9 degrees.

. Two pairs had Max-Min spreads between 57 and 60 degrees: FarWest 9-West 4 (57.7
degrees) and FarWest 7-South 9 (57.4 degrees).

Il. Five pairs had minimum Max-Min voltage spreads of less than 10 degrees: West 16-West 14
(4.2), West 15-West 14 (5.3), West 16-West 3 (7.5), FarWest 7-FarWest 8 (9.0), and West
19-West 9 (9.3).

IV.  The maximum voltage angles in degrees under normal conditions occurred at Coast 1-South
10 (38.2), FarWest 9-West 4 (34.3), and FarWest 9-South 9 (31.7).

V. Minimum angles occurred at FarWest 9-South 9 (-29.2) and FarWest 7-South 9 (-27.4).

VI. Four additional substations had minimum angles lower than -20 degrees.
VII. Four pairs had positive flows greater than 90% of the time: North 1-North 4 (100%), FarWest
7-FarWest 8 (100%), FarWest 4-FarWest 7 (96.3%), and North 6-North 4 (95.6%).

F. Observations from State Estimator Box-Whisker Plots (Appendix B - Part 1)

1. State Estimator data availability for this update was the best EPG has received so far. Only
one day of data was missing (May 6). Aside from this missing day, two pairs show a gap in
data: Coast 1 South 13 (second half of February) and West 19-West 9 (between April and
May).

2. In general, the box-whisker plots show less variability than in 2013.

3. Afew pairs show some variability: North 1-North 4, FarWest 7-West 14, West 12-FarWest
7, West 12-North 1, West 14-North 1, FarWest 9-West 4, Coast 1-South 10, South 3-South
11, South 11-North 7, and FarWest 9-South 9.

4. Box-whisker plots for four pairs show data that may be suspect: West 16-West 3, West
16-West 14, West 15-West 14, and West 19-West 9.

5. Ifthere were extended outages, the angles corresponding to the outage times should be
excluded from the data used to establish normal operation alarm limits. Outage data
should be documented and taken into account for any future updates.

6. Examples of abrupt angle changes that may be due to outages are shown below:
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8. PAIRS FOR REAL TIME MONITORING

A. Criteria for Selection of Angle Pairs for Real-time Monitoring

1. Choose a few transmission paths (pairs) from the wind areas to monitor wind power
delivery.

2. Choose a load center such as North 1 and select transmission paths serving such loads.

3. Choose transmission paths delivering power from the Valley.

4. Choose transmission paths connecting the load centers, such as the Dallas, Austin, San
Antonio and Houston areas (no PMUs in the Houston area at this time).

NOTE: Because there are not enough PMUs installed in the system, EPG chose pairs
that meet this criteria as closely as possible.

B. Transmission Paths (Pairs) Selected for Real-Time Monitoring

The transmission paths selected for monitoring are shown in Table 7 below:

Table 7 - Angle Pairs Selected for Real-Time Monitoring (Based on PMU Availability)

Page 24

TABLE 7: ANGLE PAIRS SELECTED FOR REAL-TIME MONITORING
(Based on PMU Availability)
PAIRS WITH PHASOR DATA AVAILABLE

# |Substation A Substation B From Region To Region
1 |Coastl South 13 Valley Valley

2 |Coastl North 7 Valley Central-East
3 |Coast4 North 7 Valley Central-East
4 |South 3 South 11* Valley Valley

5 [South 11* North 7 Valley Central-East
6 |North 6 North 7 East Central-East
7 [|North4 North 7 Dallas Central-East
8 |West14 North 1 Panhandle Dallas

9 |West5 North 1 Central Dallas
10 |North1 North 7 Dallas Central-East
11 |West3 North 7 Central Central-East
12 |West 14 West 5 Panhandle Central
13 |West5 North 7 Central Central-East
14 |West 12 West 1 Central Central
15 |West 12 FarWest 7 Central West Texas
16 |FarWest7 North 7 West Texas Central-East
17 |FarWest7 South 9* West Texas Valley
18 |FarWest7 FarWest 9 West Texas West Texas
19 |West1l North 7 Central Central-East
20 |FarWest9 West 4 West Texas Southwest
21 |West4 North 7 Southwest Central-East
22 |West 15 West 14 Panhandle Panhandle
23 |West 16 West 14 Panhandle Panhandle
24 |West 16 West 3 Panhandle Central
25 |West 19* West 9 Panhandle Central

*

* Electric Power Group
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C. Proposed Alarm Limits

Table 8 below shows the proposed angle limits for the paths (pairs) selected for real-time
monitoring. These proposed limits were selected from the results for normal conditions shown in
Table A- 2 and Table B- 2 of this report. These results are based on the data for the February to
July months of 2014 provided by ERCOT. Whereas in 2013 CREZ lines were being added almost on
a monthly basis, causing an ongoing change in angle differences, during this most recent 6-month
period all except for four CREZ lines have been in-service. As a result, the angle differences are
now more stable. The four additional 345 kV CREZ lines, added to the ERCOT system in March
2014, are not expected to significantly change the angle differences under analysis. However, the
alarm limits proposed in this section may change to some degree if generation is redistributed
due to the addition of significant amounts of wind power, or significant decommissioning of old
generation. EPG suggests that an alarm limits update be conducted in 2015 when the ERCOT
system has had the opportunity to adjust to its new significantly expanded transmission
infrastructure.

By monitoring these angle pairs, the ERCOT grid operators should have a good overview of power
flow from generation centers to the load centers, and between load centers. It will provide them
with a good idea of ongoing power flows among the different regions of the ERCOT grid.

EPG suggests that the ERCOT system operators document anytime these limits are exceeded,
noting the possible reason, if known, for the deviations such as line or generation outages.

Note that all the pairs in Table 8 below have two negative alarm limit values and two positive
alarm limit values. The negative values apply in the TO to FROM (inbound power flow)
direction and the positive values apply in the FROM to TO (outbound power flow) direction.
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Table 8 - Baselining Analysis — Recommended Alarm Limits for Real-Time Monitoring
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Table 8 - BASELINING UPDATE 3 - RECOMMENDED ALARM LIMITS FOR REAL-TIME MONITORING

ALARM LIMITS UNDER NORMAL CONDITIONS
(Based on February to July, 2014 Data)
SE Data-Normal RECOMMENDED ALARM LIMITS

Angle Pair Min | Max Méx' MINIMUM | MINIMUM | MAXIMUM | MAXIMUM
No Base kV Min ALARM | ALARM | ALARM | ALARM

FROM - TO Angle | Angle spread LIMIT ALERT ALERT LIMIT
1 |[Coastl South 13 138 -17.09 | 24.77 | 41.86 -17.09 -12.22 17.08 24.77
2 |Coastl North 7 138 -29.94 | 41.21 | 71.2 -29.94 | -24.09 30.94 41.21
3 |Coast4 North 7 345 -29.09 | 47.54 | 76.6 -29.09 | -20.87 34.65 47.54
4 |South 3 South 11* 138/345| | -20.36 | 18.02 | 38.4 -20.36 -16.23 12.12 18.02
5 |South 11* North 7 345 -8.54 | 17.66 | 41.9 -8.54 -6.36 14.18 17.66
6 |North 6 North 7 138 -5.91 | 12.56 | 18.5 -5.91 -3.81 9.93 12.56
7 |North 4 North 7 138/345| |-16.15| 6.79 | 22.9 -16.15 | -12.88 4.41 6.79
8 |West 14 North 1 345 -10.32 | 8.01 | 18.3 -10.32 -8.84 4.82 8.01
9 |West5 North 1 345 -14.83 | 18.39 | 33.2 -14.83 -13.34 15.15 18.39
10 [North 1 North 7 345 -6.78 | 15.75 | 22.5 -6.78 -3.75 12.45 15.75
11 [West 3 North 7 345 -13.80 | 15.82 | 29.6 -13.80 -8.18 13.36 15.82
12 [West 14 West 5 345 -14.27 | 9.17 | 23.4 -14.27 | -12.10 7.31 9.17
13 |West 5 North 7 345 -14.50 | 24.66 | 39.2 -14.50 -11.59 21.26 24.66
14 |West 12 West 1 345 -5.93 6.73 12.7 -5.93 -4.50 5.85 6.73
15 |West 12 FarWest 7 345 -5.40 | 10.95 | 164 -5.40 -3.53 9.60 10.95
16 [FarWest 7 North 7 345 -22.50 | 24.87 | 47.4 -22.50 | -18.51 20.71 24.87
17 |FarWest 7 South 9* 345 -27.44 | 29.95 | 57.4 -27.44 | -21.70 20.10 29.95
18 |FarWest 7 FarWest 9 345/138 -7.10 7.20 14.3 -7.10 -5.83 5.69 7.20
19 |West 1 North 7 345 -9.26 | 15.89 | 25.1 -9.26 -7.01 13.04 15.89
20 |FarWest 9 West 4 138 -23.42 | 34.29 | 57.7 -23.42 | -14.49 27.60 34.29
21 |West 4 North 7 138/345| |-29.59 | 12.89 | 42.5 -29.59 | -23.63 9.00 12.89
22 |West 15 West 14 345 -2.33 | 2.93 5.3 -2.33 -1.38 2.13 2.93
23 [West 16 West 14 345 -2.04 2.15 4.2 -2.04 -1.38 1.65 2.15
24 |West 16 West 3 345 -3.29 | 4.25 7.5 -3.29 -2.31 3.58 4.25
25 |West 19* West 9 345 -5.79 [ 3.50 9.3 -5.79 -4.59 2.81 3.50

NOTE: These alarm limits were developed based on February to July, 2014 data.
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9. CONCLUSIONS

a. State Estimator (SE) Data Availability was Best in 2014
State estimator data, provided by ERCOT for the February to July, 2013 period, was the most
complete EPG received in the baselining process. Of the six months of data provided by
ERCOT, there was only one day of data missing (May 6, 2014). The state estimator collects
data at a rate of 12 samples per hour. Overall SE availability was 48.7% of the total SE data
collected, which was much better than the 29.6% availability for 2013, and the 13% availability
for 2012. ERCOT provided SE data at a rate of six samples per hour. The SE data provided by
ERCOT was 97.5% of all possible data at this rate.

b. Phasor Data Availability for 2014
All the PMUs providing data for this Baselining Update 3 were already in service by February
2014, which resulted in much improved phasor data availability compared to prior study
periods. However, data availability was not uniformly high in all PMUs. Eighteen PMUs had
availability greater than 90%, two PMUs had less than 20% availability (FarWest 2 and Coast 2),
and the remaining ten PMUs had availability ranging from 62.08% (Coast 4) to 89.06% (Coast
1). Phasor data availability for all PMUs should be in the greater than 90% range for most
accurate results.

€. Voltage Angle Variability (Reference: North 7)
Voltage angles with reference to North 7 have tightened considerably due to the completion of
the CREZ project.

ALL DATA RESULTS:

i.  The largest voltage angle variations occurred in the Valley. The maximum Max-Min
spreads observed were 91.4 degrees for South 13 138 kV substation, 81.5 degrees for
Coast 4 345 kV, and 81.1 degrees for Coast 3 substation.

ii.  The lowest spread of 19.5 degrees was seen at North 6.

iii.  The angles for North 1 and North 6 were positive most of the time (93.5 and 78.8%,
respectively) whereas North 4, North 5, West 4, and South 5 substations are positive
less than 20% of the time; that is, the power flows from North 7 to these substations
most of the time.

NORMAL CONDITIONS: Due to the higher level of data availability for SE and Phasor data, the
voltage angle spreads for normal conditions obtained from SE data were very similar to those
voltage angle spreads obtained from phasor data.

i Voltage angle fluctuations have been reduced and now vary over a smaller range.
There are only five substations with Max-Min angle spreads of more than 60 degrees.

ii. The largest angle variations occurred among the substations in the southern part of the
state: South 13, Coast 3, Coast 4, and Coast 1. South 13 with 85.5 degrees (-40.3 to 45.2

External Report
* Electric Power Group October 2014



Baselining Analysis Update: 6-Months Data (February to July 2014) Page 28

degrees), Coast 3 with 76.8 degrees ( -29.1 to 47.7 degrees), Coast 4 with 76.6 degrees
(-29.1 to 47.5 degrees), and Coast 1 with 71.2 degrees (-29.9 to 41.2 degrees).

Only two substations had a Max-Min angle spread of less than twenty degrees: North
6 (18.5 degrees) and South 9 (19.3 degrees). All other substations have Max-Min
spreads in the 21 to 61 degrees range.

The smallest normal condition angles in degrees occurred at South 13 (-40.30) and
South 10 (-33.46).

d. Maximum Voltage Angles Under Normal Conditions
The four largest normal condition angles in degrees observed were at Coast 3 (47.73), Coast
4 (47.74), South 13 (45.16), and Coast 1 (41.21).

e. Voltage Angle Variability (Angle Differences)

Voltage angle differences have also tightened (smaller angle differences) considerably due to

the completion of the CREZ projects.

ALL DATA RESULTS:

Vi.

Vii.

The highest Max-Min angle spread occurred at FarWest 9-South 9 (63.0 degrees).

Five pairs have spreads between 40 and 60 degrees: Coast 1-South 13, FarWest 9-West
4, Coast 1-South 10, West 8-South 9, and FarWest 7-South 9.

Max-Min angle spread of less than 10 degrees occurred on four pairs: West 16-West 3,
West 16-West 14, West 15-West 14, and West 19-West 9.

The remaining nineteen pairs have angle spreads between 11.2 and 39.9 degrees.
Angle spreads for the February-July, 2014 period are smaller than those found for the
same period in 2012, due to the addition of the CREZ lines to the ERCOT system.

The maximum voltage angle found in this update was 39.8 degrees on the Coast 1-
South 10 pair.

Only two pairs have minimum voltage angles lower than -25 degrees: FarWest 7-South
9 (-28.73 degrees) and FarWest 9-South 9 (-29.98 degrees).

NORMAL CONDITIONS: Due to the higher level of data availability for SE and Phasor data, the
voltage angle spreads for normal conditions obtained from SE data were very similar to those

voltage angle spreads obtained from phasor data.

The maximum Max-Min angle spreads under normal conditions occurred at FarWest 9-
South 9 with 60.9 degrees.

Two pairs had Max-Min spreads between 57 and 60 degrees: FarWest 9-West 4 (57.7
degrees) and FarWest 7-South 9 (57.4 degrees).

Five pairs had minimum Max-Min voltage spreads of less than 10 degrees: West 16-
West 14 (4.2), West 15-West 14 (5.3), West 16-West 3 (7.5), FarWest 7-FarWest 8 (9.0),
and West 19-West 9 (9.3).
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iv.  The maximum voltage angles in degrees under normal conditions occurred at Coast
1-South 10 (38.2), FarWest 9-West 4 (34.3), and FarWest 9-South 9 (31.7).
V. Minimum angles occurred at FarWest 9-South 9 (-29.2) and FarWest 7-South 9 (-27.4).

Vi. Three additional substations had minimum angles lower than -20 degrees.
vii. Four pairs had percent positive flows greater than 90%: North 1-North 4 (100%),
FarWest 7-FarWest 8 (100%), FarWest 4-FarWest 7 (96.3%), and North 6-North 4 (95.5).

f. Maximum Voltage Angles Under Normal Conditions
The three largest normal condition angles in degrees for angle differences were observed at
Coast 1-South 10 (38.17), FarWest 9-West 4 (34.29), and FarWest 9-South 9 (31.73).

g. Voltage Spreads are Smaller in 2014
Voltage angle spreads for the substations in the western part of Texas, including the Panhandle,
were much smaller in this update than in prior periods, because of the new CREZ transmission
lines added between these regions and the rest of the ERCOT system. For example: 2014 voltage
angle spreads for West 2, West 9, West 11, West 12, West 5, and West 6 referenced to North 7
experienced a reduction of more than 30-degrees from 2013.

h. Alarm Limits for Voltage Angles
All but four of the new CREZ lines were connected to the ERCOT system by January 2014. The
remaining four lines were connected to the ERCOT system in March 2014. The ERCOT system
has been operating with all the planned CREZ lines in-service since April 2014. The alarm limits
obtained with the February to July 2014 data will be very stable unless major generation
changes occur, such as major addition of wind power.

These alarm limits are not likely to change significantly in the near future unless a significant
amount of wind power is added in the western area and the Panhandle areas of Texas,
displacing generation in other areas, such as the Valley area. ERCOT operators can use the
alarm limits established in this report to monitor real-time operations, keeping in mind that if
major changes/shifts occur in generation production, these alarm limits should be revised, as
appropriate.

Also, it is suggested that the ERCOT operators validate these limits by keeping track of the
times when the limits are exceeded, indicating possible causes such as transmission or
generation changes. A full year history of this validation tracking should be used to update
alarm limits.
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10. RECOMMENDATIONS

a. Data Monitoring and Data Integrity
State Estimator Data: The SE data provided by ERCOT for the February to July 2014 period was
very good. However, data for January was not available. EPG recommends that SE data be fully

preserved on a continuous basis for use in future alarm limits updates, and for calibrating
phasor data.

Phasor Data: Of the 30 PMUs used in this update, eight PMUs show availability of less than 76%,
of which two PMUs, FarWest 2 and Coast 2, show availability of less than 15%. EPG
recommends that ERCOT and the PMU owners monitor phasor data for these eight PMUs to find
and fix problems associated with missing data. PMUs signals, when available and producing
accurate data, will allow system operators to accurately monitor the real-time conditions of the
ERCOT system.

b. Alarm Limits for Real-Time Monitoring
EPG has produced alarm limits for 25 pairs for real-time monitoring; the recommended alarm
limits for use by ERCOT system operators are shown in Section 8, Table 8 of this report. Each set
of alarm limits includes two pairs, one pair of alarms to be used in the positive direction of flow
(From-To) and the other pair of alarms to be used in the negative direction of flow (To-From).
These recommended alarms can be implemented immediately.

¢. Panhandle Wind Output Monitoring
There are four new CREZ lines connecting the Panhandle new 345 kV system with the Central
ERCOT system: West 15-West 14, West 16-West 14, West 16-West 3, and West 19-West 9. The
flows and angles on these four lines should provide a tool to monitor the wind output from that
area. EPG recommends that ERCOT monitor this interface by including these four pairs in the
RTDMS® daily report, or a separate report if necessary.

d. PMU at West 19
The Panhandle-North ERCOT interface, recommended above, has PMUs installed at all the
substations, except for West 19. EPG recommends that, in order to monitor wind power
flow from the Panhandle area to the Central area of the ERCOT system, PMUs be installed at
this substation to be able to monitor voltage angle and power on all four lines comprising
the interface.

e. RTDMS® Daily Report
The RTDMS® daily report should be simple, clear, meaningful, and easy to read quickly. EPG has
produced some recommendations to accomplish these objectives. These recommendations are
presented in Appendix D attached to this report.
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f. Need for an Alarm Limits Update
The last four CREZ lines were placed in service in March 2014, completing the CREZ Project. The
alarm limits proposed in this report are considered a good representation of present ERCOT
conditions, since during most of the February to July 2014 period base of this update, all CREZ
lines were already in-service.

With the new transmission infrastructure now in place, it is expected that, in future months and
years, wind output will increase considerably, causing a re-distribution of power among the
different generating areas of the ERCOT system. As a result, some angle differences may change,
necessitating a periodic update of alarm limits. EPG recommends an annual update of alarm
limits to reflect these changes. If major or sudden changes in these patterns occur, updates to
the alarm limits should be performed.
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Appendix A—Part 1
CCET Discovery Across Texas project

Baseline Analysis Update - Voltage Angles
(Reference: North 7)

State Estimator Data: February to July 2014
Box-Whisker Plots and Time Duration Curves
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Appendix A — Part 2
CCET Discovery Across Texas project

Baseline Analysis Update - Voltage Angles
(Reference: North 7)

Phasor Data: February to July 2014
Box-Whisker Plots and Time Duration Curves

* Electric Power Group @ET ’sicl?r
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Time Duration Chart:
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Time Duration Chart:
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