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Automated Event Miner (AEM)

Oscillation Mining Report for ERCOT 

Introduction & Background:

AEM is an add-on application to offline event analysis tool, Phasor Grid Dynamics Analyzer (PGDA). AEM is designed to assist planning and operations support engineers to mine historical and near real time power system events. Mined events are reported by location, severity, duration and count to provide engineers an event library for use in event analysis, model validation, training operators and fine tuning real-time alarm parameters. 

AEM can be used to mine for different event types including oscillations, low voltage, high phase angle difference and frequency signatures. This mining report is focused on oscillation events and provides the following 

1. Mining Parameters 

2. Mining Approach 

3. Mining Summary 

4. Mining Observations 

5. Mining Results and Oscillation Events 
Mining Parameters:

How much data was used for mining oscillation events? 
Mining Duration: 12 DAYS
Start Date: 2017-03-18 
End Date: 2017-03-30 
How many signals were available and used for mining oscillation events? 

PMU Locations: 144
PMU Signals: 1777
PMU Signal Types: FR, VM, IM
How did the oscillation events get detected? 

Peak-to-Peak Magnitude filter is used to filter out very low energy oscillations and below table shows the filters used by signal type for different BasekV levels to retain oscillation events above the energy threshold. 
Peak-to-Peak Magnitude Filters
	Signal Type
	69kV
	138kV
	345kV

	Real Power (MW)
	1
	1
	1

	Reactive Power (MVar)
	1
	1
	1

	Frequency (Hz)
	0.010
	0.010
	0.010

	Voltage Magnitude (kV)
	1
	1
	1

	Current Magnitude (Amps)
	10
	10
	10

	Angle Pairs (deg)
	1
	1
	1


Oscillation Frequency Filter is used to retain oscillation events above a certain modal frequency. 
Oscillation Frequency Filter

Mode (Hz): >= 0.16
Oscillation Event Filter is used to retain sustained oscillations above certain duration. 
Oscillation Event Filter
Duration (mins): >=5 
Mining Approach:

a) Voltage Magnitude (VM), Frequency (FR) and Current Magnitude (IM) signal types were used to mine for oscillation events. It is preferred to have the line and gen flows calculated, archived prior to mining.  Angle difference pairs can be defined prior to mining and can be twofold. User can define V-V wide area angle pairs to study inter-area oscillations and V-I substation angle pairs to study local plant oscillations driven by controllers and local outages. 
b) Bad data was removed prior to mining by using PMU quality flags, Outlier Filter and stale filter. 
c) Oscillation Detection Module (ODM) was used to mine for oscillation events above certain energy, duration and grouped by modal frequency. Mined events are reported with location, event timing, modal frequency and energy in terms of peak-to-peak magnitude. 
d) The oscillation events are categorized by root cause using 4 bands characterized by modal frequency. It is to be noted that band 2 might have local oscillations in addition to inter-area oscillations.  
e) The Mining Summary is reported by Root Cause with additional insights on 
· Count of PMU Locations 
· Count of Events 
· Count of Modes
f) The Mining Results are reported by PMU location with additional insights on 
· Count of Events 
· Count of Events by Mode
· Mode
· Peak-to-Peak Magnitude 
g) Each oscillation event is reported with information on 
· PMU location 
· Event Start Date and Time 
· Event End Date and Time 
· Mode 
· Peak-to-Peak Magnitude
Mining Summary:  
	Band 
	Plausible Root Cause 
	Mode Range (Hz)
	Count of PMU Locations
	Count of Events 
	Count of Modes 

	1
	Speed Governor
	0.01 to 0.15 
	-
	-
	-

	2
	Inter-area or Local Oscillations 
	0.16 to 1.0 
	13
	25
	7

	3
	Local Plant Control Systems   
	1.1 to 5.0 
	3
	2
	2

	4
	Controllers
	5.1 to 15 
	3
	15
	4


Mining Observations:

a) PMU1 reported the largest count of events by location (14) as shown below.  
[image: image1.emf]PMU Locations 

Counts of Events by PMU 

Location 

Count of Events by 

Mode 

Mode (Hz)

Peak-to-Peak Magnitude of 

Oscillation by Metric 

PMU1 14 6 6 0.02 Hz

PMU1 14 5 6.5 0.03 Hz

PMU1 14 3 7 0.03 Hz


PMU1 substation is located very close to a solar farm.  Three dominant modes at PMU1 are 6, 6.5 & & 7Hz. 14 is the total number of oscillation events at PMU1 in all 4 bands. 6, 5 and 3 are the total number of oscillation events for 6Hz, 6.5Hz and 7Hz modes respectively. The highest oscillation energy at PMU1 is 30mHz (0.03Hz peak-to-peak magnitude) in the frequency metric. 

Below are 14 oscillation events reported at PMU1 sorted by Event Start Time from Oldest to Newest; 
[image: image2.emf]SignalName SignalTypeEvent Start Time Event End Time Mode (Hz) Peak-to-Peak Magnitude

PMU1.Frequency.FR FR 3/18/2017 13:183/18/2017 13:24 6 0.01

PMU1.Frequency.FR FR 3/19/2017 6:45 3/19/2017 6:52 6 0.02

PMU1.Frequency.FR FR 3/19/2017 17:153/19/2017 17:19 6 0.02

PMU1.Frequency.FR FR 3/20/2017 11:343/20/2017 11:38 6.5 0.02

PMU1.Frequency.FR FR 3/20/2017 16:453/20/2017 16:58 6.5 0.03

PMU1.Frequency.FR FR 3/20/2017 17:083/20/2017 17:13 6 0.02

PMU1.Frequency.FR FR 3/20/2017 17:153/20/2017 17:23 7 0.02

PMU1.Frequency.FR FR 3/23/2017 17:293/23/2017 17:35 7 0.03

PMU1.Frequency.FR FR 3/24/2017 17:373/24/2017 17:43 6.5 0.03

PMU1.Frequency.FR FR 3/26/2017 11:243/26/2017 11:28 6 0.01

PMU1.Frequency.FR FR 3/27/2017 9:49 3/27/2017 9:57 6 0.01

PMU1.Frequency.FR FR 3/28/2017 16:593/28/2017 17:06 7 0.02

PMU1.Frequency.FR FR 3/29/2017 17:173/29/2017 17:23 6.5 0.02

PMU1.Frequency.FR FR 3/29/2017 17:293/29/2017 17:41 6.5 0.02


Below example is plot of frequency metric from PMU1 Substation for the event reported on 3/24/2017.   
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6, 6.5 & 7 Hz modes belong to band 4 category which is indicative of oscillations driven by high speed controllers. There are 14 oscillation incidents having energy greater than 10 mHz for a sustained duration of greater than 5 minutes in 2 weeks. It is important to investigate the activity of controllers by checking if they are related to MW production (oscillation energy higher during on-peak or ramp up) or intermittent (driven by bad settings) or persistent (driven by bad design). It is also important to validate the output of the solar farm have these modes. 
b) PMU2 reported second largest count of events by location (9) as shown below.  
[image: image4.emf]PMU Locations 

Counts of Events by PMU 

Location 

Count of Events by 

Mode 

Mode (Hz)

Peak-to-Peak Magnitude of 

Oscillation by Metric 

PMU2 9 3 0.6 77.3 Amps

PMU2 9 3 0.7 88.7 Amps

PMU2 9 1 0.3 10.6 Amps

PMU2 9 1 0.6 1.1 kV

PMU2 9 1 1 12.0 Amps


PMU2 substation is located very close to a generating unit (plant type is unknown).  9 is the total number of oscillation events at PMU2 in all 4 bands. 0.6Hz and 0.7Hz modes reported with 

1. Highest oscillation energy 77 Amps and 88 Amps respectively in current magnitude 

2. Largest count of events by Mode (3)

Below are 9 oscillation events reported at PMU2 sorted by Event Start Time from Oldest to Newest; 

[image: image5.emf]SignalName SignalTypeEvent Start Time Event End Time Mode (Hz) Peak-to-Peak Magnitude

PMU2.I1.IM IM 3/18/2017 21:453/18/2017 21:49 0.3 10.62

PMU2.I1.IM IM 3/22/2017 0:35 3/22/2017 0:43 0.65 38.04

PMU2.I1.IM IM 3/22/2017 9:08 3/22/2017 9:13 0.7 88.73

PMU2.I1.IM IM 3/22/2017 9:30 3/22/2017 9:37 0.7 73.96

PMU2.I1.IM IM 3/23/2017 3:08 3/23/2017 3:12 1 11.96

PMU2.I1.IM IM 3/25/2017 18:083/25/2017 18:13 0.6 77.25

PMU2.V1.VM VM 3/25/2017 18:083/25/2017 18:13 0.6 1.06

PMU2.I1.IM IM 3/25/2017 18:143/25/2017 18:18 0.7 67.36

PMU2.I1.IM IM 3/25/2017 18:203/25/2017 18:26 0.65 76.00

PMU2.I1.IM IM 3/27/2017 14:293/27/2017 14:36 0.4 39.52

PMU2.I1.IM IM 3/27/2017 14:373/27/2017 14:43 0.7 61.79

PMU2.I1.IM IM 3/27/2017 14:443/27/2017 14:49 0.6 73.72

PMU2.I1.IM IM 3/28/2017 23:073/28/2017 23:12 0.7 57.96


This is a typical example of a local oscillation from a generating unit at a modal frequency in band 2 (0.16 to 1Hz) which is labelled as inter-area oscillations. An inter-area oscillation has three characteristics 

a. Modal Frequency in Band 2 (0.16 to 1Hz) 
b. Visible in V-V angle pair with a common reference and two regions are oscillating against each other
c. Exist for a short duration (less than 30 seconds). A longer duration is dangerous. 
PMU2 oscillation satisfies first only and hence not an inter-area oscillation. It is indicative of local plant oscillation driven by nearby topology changes or equipment malfunction. 
Below is the Current and Voltage Magnitude metric from PMU2 Substation for the event reported on 3/25/2017 18:08. 
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c) PMU3 and PMU4 reported third largest count of events by location (4) as shown below.  
[image: image7.emf]PMU Locations 

Counts of Events by PMU 

Location 

Count of Events by 

Mode 

Mode (Hz)

Peak-to-Peak Magnitude of 

Oscillation by Metric 

PMU3 4 1 0.5 14.0 Amps

PMU3 4 1 0.6 14.6 Amps

PMU3 4 1 1.6 10.4 Amps

PMU3 4 1 5.5 12.2 Amps

PMU4 4 1 0.5 13.8 Amps

PMU4 4 1 0.7 14.5 Amps

PMU4 4 1 1.6 10.5 Amps

PMU4 4 1 5.5 12.2 Amps


PMU3 and PMU4 are PMUs monitoring both ends of a 345kV line and very close to generating unit (plant type is gas or steam turbine).  4 is the total number of oscillation events at PMU3 in all 4 bands. 0.6Hz mode reported once with highest oscillation energy of 14.6 Amps. It is indicative of local plant oscillation driven by nearby topology changes or equipment malfunction. 

Below are 4 oscillation events reported at PMU3 sorted by Event Start Time from Oldest to Newest; 

[image: image8.emf]SignalName SignalTypeEvent Start Time Event End Time Mode (Hz) Peak-to-Peak Magnitude

PMU3.IASPM.IM IM 3/19/2017 20:513/19/2017 20:57 0.6 13.80

PMU3.ICSPM.IM IM 3/19/2017 20:533/19/2017 20:57 0.55 13.95

PMU3.I1SPM.IM IM 3/19/2017 20:533/19/2017 20:57 0.6 13.94

PMU3.ICSPM.IM IM 3/20/2017 17:293/20/2017 17:33 1.6 10.40

PMU3.ICSPM.IM IM 3/21/2017 12:193/21/2017 12:24 0.65 14.57

PMU3.IBSPM.IM IM 3/21/2017 12:193/21/2017 12:24 0.65 14.19

PMU3.IBSPM.IM IM 3/22/2017 0:22 3/22/2017 0:26 5.5 12.17


Below is the Current Magnitude metric, PMU3-PMU4 345kV line for the event reported on 3/19/2017 20:51. 
[image: image9.png]740,00





Below is the Current Magnitude metric, PMU3-PMU4 345kV line for the event reported on 3/21/2017 12:19.
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Below is the Current Magnitude metric, PMU3-PMU4 345kV line for the event reported on 3/22/2017 00:22.
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d) PMU5 also reported third largest count of events by location (4) as shown below.  
[image: image12.emf]PMU Locations 

Counts of Events by PMU 

Location 

Count of Events by 

Mode 

Mode (Hz)

Peak-to-Peak Magnitude of 

Oscillation by Metric 

PMU5 4 2 0.7 11.7 Amps

PMU5 4 1 0.6 16.6 Amps

PMU5 4 1 0.8 13.9 Amps


4 is the total number of oscillation events at PMU5 in all 4 bands. The highest oscillation energy at PMU5 is 16.6Amps (peak-to-peak magnitude) in the current magnitude metric at 0.6Hz mode. 

Below are 4 oscillation events reported at PMU5 sorted by Event Start Time from Oldest to Newest; 
[image: image13.emf]SignalName SignalTypeEvent Start Time Event End Time Mode (Hz) Peak-to-Peak Magnitude

PMU5.I1WPM.IM IM 3/21/2017 0:48 3/21/2017 0:52 0.75 11.66

PMU5.I1WPM.IM IM 3/22/2017 0:29 3/22/2017 0:33 0.8 13.94

PMU5.I1WPM.IM IM 3/22/2017 14:003/22/2017 14:04 0.7 11.51

PMU5.I1WPM.IM IM 3/23/2017 23:073/23/2017 23:11 0.6 16.56


Below is the Current Magnitude metric at PMU5 Substation towards Substation H for the event reported on 3/23/2017 23:07.   
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Below is the Current Magnitude metric at PMU5 Substation towards Substation H for the event reported on 3/22/2017 00:29.
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e) PMU6 reported 2 oscillation events as shown below.  
[image: image16.emf]PMU Locations 

Counts of Events by PMU 

Location 

Count of Events by 

Mode 

Mode (Hz)

Peak-to-Peak Magnitude of 

Oscillation by Metric 

PMU6 2 2 1 18.9 Amps


Below are 2 oscillation events reported at PMU6 sorted by Event Start Time from Oldest to Newest; 
[image: image17.emf]SignalName SignalTypeEvent Start Time Event End Time Mode (Hz) Peak-to-Peak Magnitude

PMU6.ICSPM.IM IM 3/20/2017 14:143/20/2017 14:18 1 10.38

PMU6.I1SPM.IM IM 3/23/2017 7:14 3/23/2017 7:18 1 18.88


Below is the Current Magnitude metric at PMU6 Substation for the event reported on 3/23/2017 7:14.   
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f) PMU7 and PMU8 reported 2 oscillation events as shown below.  
[image: image19.emf]PMU Locations 

Counts of Events by PMU 

Location 

Count of Events by 

Mode 

Mode (Hz)

Peak-to-Peak Magnitude of 

Oscillation by Metric 

PMU7 2 2 0.7 14.6 Amps

PMU8 2 2 0.7 14.5 Amps


PMU7 and PMU8 are PMUs monitoring both ends of a 345kV line and very close to G1 generating unit.  The highest oscillation energy on PMU7-PMU8 345kV line reported is 14.6Amps (peak-to-peak magnitude) in the current magnitude metric at 0.7Hz mode.
Below are 2 oscillation events reported at PMU7 and PMU8 sorted by Event Start Time from Oldest to Newest; 
[image: image20.emf]SignalName SignalTypeEvent Start Time Event End Time Mode (Hz) Peak-to-Peak Magnitude

PMU7.ICSPM.IM IM 3/21/2017 13:483/21/2017 13:52 0.7 14.58

PMU8.ICSPM.IM IM 3/21/2017 13:483/21/2017 13:52 0.7 14.52

PMU7.I1SPM.IM IM 3/21/2017 13:483/21/2017 13:54 0.9 14.31

PMU8.I1SPM.IM IM 3/21/2017 13:483/21/2017 13:54 0.9 14.24

PMU8.IBSPM.IM IM 3/21/2017 13:483/21/2017 13:54 0.9 14.13

PMU8.IASPM.IM IM 3/21/2017 13:483/21/2017 13:54 0.9 14.01

PMU7.IBSPM.IM IM 3/21/2017 13:483/21/2017 13:54 0.9 14.00

PMU7.IASPM.IM IM 3/21/2017 13:483/21/2017 13:52 0.7 13.59

PMU7.ICSPM.IM IM 3/21/2017 21:453/21/2017 21:49 0.7 11.02

PMU8.ICSPM.IM IM 3/21/2017 21:453/21/2017 21:49 0.7 10.77

PMU7.I1SPM.IM IM 3/21/2017 21:453/21/2017 21:49 0.7 10.62

PMU7.IBSPM.IM IM 3/21/2017 21:453/21/2017 21:49 0.7 10.44

PMU8.I1SPM.IM IM 3/21/2017 21:453/21/2017 21:49 0.7 10.41


Below is the Current Magnitude metric on PMU7-PMU8 345kV line for the event reported on 3/21/2017 13:48.   
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g) PMU9 reported 2 oscillation events as shown below.  

[image: image22.emf]PMU Locations 

Counts of Events by PMU 

Location 

Count of Events by 

Mode 

Mode (Hz)

Peak-to-Peak Magnitude of 

Oscillation by Metric 

PMU9 2 2 1 12.6 Amps


PMU9 substation is located very close to W1, W2, W3 and W4 wind units. 
The highest oscillation energy at PMU9 is 12.6Amps (peak-to-peak magnitude) in the current magnitude metric at 1Hz mode. This is indicative of local plant mode driven by controller. 
Below are 2 oscillation events reported at PMU9 sorted by Event Start Time from Oldest to Newest; 

[image: image23.emf]SignalName SignalTypeEvent Start Time Event End Time Mode (Hz) Peak-to-Peak Magnitude

PMU9.IASPM.IM IM 3/23/2017 17:053/23/2017 17:11 1 12.56

PMU9.IBSPM.IM IM 3/23/2017 17:053/23/2017 17:11 1 12.53

PMU9.I1SPM.IM IM 3/23/2017 17:053/23/2017 17:11 1 12.51

PMU9.ICSPM.IM IM 3/23/2017 17:053/23/2017 17:11 1 12.46

PMU9.IASPM.IM IM 3/23/2017 18:593/23/2017 19:04 1 10.91

PMU9.ICSPM.IM IM 3/23/2017 18:593/23/2017 19:04 1 10.87

PMU9.I1SPM.IM IM 3/23/2017 18:593/23/2017 19:04 1 10.84

PMU9.IBSPM.IM IM 3/23/2017 18:593/23/2017 19:04 1 10.78


Below is the Current Magnitude metric at PMU9 for the event reported on 3/23/2017 17:05.   
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Mining Results and Oscillation Events: 
The Mining results and oscillation events are included in embedded excel sheet below. 


[image: image25.emf]Executive Summary  and Count of Events, Modes and Severity by PMU Locations


The excel sheet has two sub sheets. The sub sheet with a label, “Oscillation Event Mining Results” includes executive summary reported by root cause and mining results reported by PMU location. The sub sheet with a label, “Oscillation Events” includes all detected oscillations events used to summarize mining results and executive summary. The mining results and oscillation events are set to be filtered and sorted.  
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[image: image26.jpg][image: image27.png]Oscillation Mining Results

		Executive Summary for the period March 18, 2017 - March 30, 2017



		Band 		Root Cause 		Mode Range (Hz)		Count of PMU Locations		Count of Events 		Count of Modes 

		1		Speed Governor		0.01 to 0.15 

		2		Inter-area Oscillations		0.16 to 1.0 		13		25		7

		3		Local Plant Control Systems   		1.1 to 5.0 		3		2		2

		4		Controllers		5.1 to 15 		3		15		4



		Oscillation Event Mining Results



		PMU Locations 		Counts of Events by PMU Location 		Count of Events by Mode 		Mode (Hz)		Peak-to-Peak Magnitude of Oscillation by Metric 

		PMU1		14		6		6		0.02 Hz

		PMU1		14		5		6.5		0.03 Hz

		PMU1		14		3		7		0.03 Hz

		PMU2		9		3		0.6		77.3 Amps

		PMU2		9		3		0.7		88.7 Amps

		PMU2		9		1		0.3		10.6 Amps

		PMU2		9		1		0.6		1.1 kV

		PMU2		9		1		1		12.0 Amps

		PMU3		4		1		0.5		14.0 Amps

		PMU3		4		1		0.6		14.6 Amps

		PMU3		4		1		1.6		10.4 Amps

		PMU3		4		1		5.5		12.2 Amps

		PMU4		4		1		0.5		13.8 Amps

		PMU4		4		1		0.7		14.5 Amps

		PMU4		4		1		1.6		10.5 Amps

		PMU4		4		1		5.5		12.2 Amps

		PMU5		4		2		0.7		11.7 Amps

		PMU5		4		1		0.6		16.6 Amps

		PMU5		4		1		0.8		13.9 Amps

		PMU6		2		2		1		18.9 Amps

		PMU7		2		2		0.7		14.6 Amps

		PMU8		2		2		0.7		14.5 Amps

		PMU9		2		2		1		12.6 Amps

		PMU10		1		1		0.8		20.0 Amps

		PMU11		1		1		0.8		18.4 Amps

		PMU12		1		1		0.8		12.6 Amps

		PMU13		1		1		0.9		11.3 Amps

		PMU14		1		1		0.6		10.1 Amps

		PMU15		1		1		1.2		1.0 kV
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Oscillation Events

		Oscillation Events Listing for the period March 18, 2017 - March 30, 2017

		SignalName		SignalType		Event Start Time		Event End Time		Mode (Hz)		Peak-to-Peak Magnitude

		PMU1.Frequency.FR		FR		3/18/17 13:18		3/18/17 13:24		6		0.01

		PMU2.I1.IM		IM		3/18/17 21:45		3/18/17 21:49		0.3		10.62

		PMU1.Frequency.FR		FR		3/19/17 6:45		3/19/17 6:52		6		0.02

		PMU1.Frequency.FR		FR		3/19/17 17:15		3/19/17 17:19		6		0.02

		PMU3.IASPM.IM		IM		3/19/17 20:51		3/19/17 20:57		0.6		13.80

		PMU3.ICSPM.IM		IM		3/19/17 20:53		3/19/17 20:57		0.55		13.95

		PMU3.I1SPM.IM		IM		3/19/17 20:53		3/19/17 20:57		0.6		13.94

		PMU4.I1SPM.IM		IM		3/19/17 20:53		3/19/17 20:57		0.55		13.79

		PMU4.ICSPM.IM		IM		3/19/17 20:53		3/19/17 20:57		0.65		13.76

		PMU1.Frequency.FR		FR		3/20/17 11:34		3/20/17 11:38		6.5		0.02

		PMU6.ICSPM.IM		IM		3/20/17 14:14		3/20/17 14:18		1		10.38

		PMU1.Frequency.FR		FR		3/20/17 16:45		3/20/17 16:58		6.5		0.03

		PMU1.Frequency.FR		FR		3/20/17 17:08		3/20/17 17:13		6		0.02

		PMU1.Frequency.FR		FR		3/20/17 17:15		3/20/17 17:23		7		0.02

		PMU4.ICSPM.IM		IM		3/20/17 17:29		3/20/17 17:33		1.6		10.52

		PMU3.ICSPM.IM		IM		3/20/17 17:29		3/20/17 17:33		1.6		10.40

		PMU5.I1WPM.IM		IM		3/21/17 0:48		3/21/17 0:52		0.75		11.66

		PMU3.ICSPM.IM		IM		3/21/17 12:19		3/21/17 12:24		0.65		14.57

		PMU4.ICSPM.IM		IM		3/21/17 12:19		3/21/17 12:24		0.7		14.49

		PMU3.IBSPM.IM		IM		3/21/17 12:19		3/21/17 12:24		0.65		14.19

		PMU7.ICSPM.IM		IM		3/21/17 13:48		3/21/17 13:52		0.7		14.58

		PMU8.ICSPM.IM		IM		3/21/17 13:48		3/21/17 13:52		0.7		14.52

		PMU7.I1SPM.IM		IM		3/21/17 13:48		3/21/17 13:54		0.9		14.31

		PMU8.I1SPM.IM		IM		3/21/17 13:48		3/21/17 13:54		0.9		14.24

		PMU8.IBSPM.IM		IM		3/21/17 13:48		3/21/17 13:54		0.9		14.13

		PMU8.IASPM.IM		IM		3/21/17 13:48		3/21/17 13:54		0.9		14.01

		PMU7.IBSPM.IM		IM		3/21/17 13:48		3/21/17 13:54		0.9		14.00

		PMU7.IASPM.IM		IM		3/21/17 13:48		3/21/17 13:52		0.7		13.59

		PMU7.ICSPM.IM		IM		3/21/17 21:45		3/21/17 21:49		0.7		11.02

		PMU8.ICSPM.IM		IM		3/21/17 21:45		3/21/17 21:49		0.7		10.77

		PMU7.I1SPM.IM		IM		3/21/17 21:45		3/21/17 21:49		0.7		10.62

		PMU7.IBSPM.IM		IM		3/21/17 21:45		3/21/17 21:49		0.7		10.44

		PMU8.I1SPM.IM		IM		3/21/17 21:45		3/21/17 21:49		0.7		10.41

		PMU4.IBSPM.IM		IM		3/22/17 0:22		3/22/17 0:26		5.5		12.17

		PMU3.IBSPM.IM		IM		3/22/17 0:22		3/22/17 0:26		5.5		12.17

		PMU5.I1WPM.IM		IM		3/22/17 0:29		3/22/17 0:33		0.8		13.94

		PMU2.I1.IM		IM		3/22/17 0:35		3/22/17 0:43		0.65		38.04

		PMU2.I1.IM		IM		3/22/17 9:08		3/22/17 9:13		0.7		88.73

		PMU2.I1.IM		IM		3/22/17 9:30		3/22/17 9:37		0.7		73.96

		PMU5.I1WPM.IM		IM		3/22/17 14:00		3/22/17 14:04		0.7		11.51

		PMU2.I1.IM		IM		3/23/17 3:08		3/23/17 3:12		1		11.96

		PMU6.I1SPM.IM		IM		3/23/17 7:14		3/23/17 7:18		1		18.88

		PMU10.ICSPM.IM		IM		3/23/17 11:19		3/23/17 11:23		0.8		20.04

		PMU11.IASPM.IM		IM		3/23/17 11:19		3/23/17 11:23		0.85		18.44

		PMU10.I1SPM.IM		IM		3/23/17 11:19		3/23/17 11:23		0.8		17.65

		PMU11.I1SPM.IM		IM		3/23/17 11:19		3/23/17 11:23		0.85		17.40

		PMU10.IASPM.IM		IM		3/23/17 11:19		3/23/17 11:23		0.85		16.51

		PMU10.IBSPM.IM		IM		3/23/17 11:19		3/23/17 11:23		0.8		16.38

		PMU11.IBSPM.IM		IM		3/23/17 11:19		3/23/17 11:23		0.8		16.13

		PMU12.IBSPM.IM		IM		3/23/17 11:36		3/23/17 11:40		0.85		12.60

		PMU12.I1SPM.IM		IM		3/23/17 11:36		3/23/17 11:40		0.8		12.46

		PMU12.ICSPM.IM		IM		3/23/17 11:36		3/23/17 11:40		1		12.06

		PMU13.IASPM.IM		IM		3/23/17 11:36		3/23/17 11:40		0.9		11.33

		PMU9.IASPM.IM		IM		3/23/17 17:05		3/23/17 17:11		1		12.56

		PMU9.IBSPM.IM		IM		3/23/17 17:05		3/23/17 17:11		1		12.53

		PMU9.I1SPM.IM		IM		3/23/17 17:05		3/23/17 17:11		1		12.51

		PMU9.ICSPM.IM		IM		3/23/17 17:05		3/23/17 17:11		1		12.46

		PMU1.Frequency.FR		FR		3/23/17 17:29		3/23/17 17:35		7		0.03

		PMU9.IASPM.IM		IM		3/23/17 18:59		3/23/17 19:04		1		10.91

		PMU9.ICSPM.IM		IM		3/23/17 18:59		3/23/17 19:04		1		10.87

		PMU9.I1SPM.IM		IM		3/23/17 18:59		3/23/17 19:04		1		10.84

		PMU9.IBSPM.IM		IM		3/23/17 18:59		3/23/17 19:04		1		10.78

		PMU5.I1WPM.IM		IM		3/23/17 23:07		3/23/17 23:11		0.6		16.56

		PMU1.Frequency.FR		FR		3/24/17 17:37		3/24/17 17:43		6.5		0.03

		PMU2.I1.IM		IM		3/25/17 18:08		3/25/17 18:13		0.6		77.25

		PMU2.V1.VM		VM		3/25/17 18:08		3/25/17 18:13		0.6		1.06

		PMU2.I1.IM		IM		3/25/17 18:14		3/25/17 18:18		0.7		67.36

		PMU2.I1.IM		IM		3/25/17 18:20		3/25/17 18:26		0.65		76.00

		PMU1.Frequency.FR		FR		3/26/17 11:24		3/26/17 11:28		6		0.01

		PMU1.Frequency.FR		FR		3/27/17 9:49		3/27/17 9:57		6		0.01

		PMU2.I1.IM		IM		3/27/17 14:29		3/27/17 14:36		0.4		39.52

		PMU2.I1.IM		IM		3/27/17 14:37		3/27/17 14:43		0.7		61.79

		PMU2.I1.IM		IM		3/27/17 14:44		3/27/17 14:49		0.6		73.72

		PMU14.ICSPM.IM		IM		3/28/17 14:33		3/28/17 14:37		0.65		10.11

		PMU1.Frequency.FR		FR		3/28/17 16:59		3/28/17 17:06		7		0.02

		PMU2.I1.IM		IM		3/28/17 23:07		3/28/17 23:12		0.7		57.96

		PMU15.VAPM.VM		VM		3/29/17 0:52		3/29/17 0:56		1.2		1.01

		PMU1.Frequency.FR		FR		3/29/17 17:17		3/29/17 17:23		6.5		0.02

		PMU1.Frequency.FR		FR		3/29/17 17:29		3/29/17 17:41		6.5		0.02
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