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BTE-06 Data Analysis Report

DATA ANALYSIS

TIME PERIOD OF DATA COLLECTED

Data collection began on April 16 at 7:07 am and ended on June 27 at 9:00 pm. Data was
sampled at the rate of one (1) sample every two (2) seconds (0.5Hz).

FILES DOWNLOADED

During this 78-day period, data files were automatically saved into the on-board
computer once each eight hours.* Approximately once aweek the files were downloaded
and transmitted to eTec for reduction and analysis. Files were DAQSTANDARD
formatted files; using the DAQSTANDARD software, each file was converted into an
Excel format. The three data files for each day were then merged into asinglefilein
order to obtain one 24 — hour datafile. Each file contained the following information:

date stamp

time stamp

cell voltages for 24 cells
bi-directional battery current
battery temperature

Date and time stamp on each file was used to create daily files with charge/discharge
data. Time stamps along with a sampling rate of 1 sample each two seconds was used to
graph voltages, currents, or temperatures for that the day. Sampling rate and current
column was used to calculate the battery pack capacity. Cell voltage data were used to
monitor the behavior of individual cells and variations in total battery pack voltage
during the charge/discharge cycles.

GRAPHICAL REPRESENTATION OF TYPICAL ONE DAY DATA

Sampling rate of 1 sample per 2 seconds provided each 24 hours data file with an Excel
file with over 43,000 rows of data. This large number of datum made it impossible to
graph an entire 24 hours period of datain a single graph.

To provide a proper perspective on the data collected, atypical day of operation was
selected. The day selected was Wednesday, May 23, 2001. This day was representative of
the normal operation and service requirements for all of the electric bag tractors utilized
during this project. A typical 12 hours of data are presented in Figures 1 through 4.

Figure 1 shows that in the morning of May 23, 2001, there were 3 drive cycles (indicated
by the negative current values). Following these drive cycles, the vehicle was placed on
charge. Following the charge cycle the vehicle completed a number of drive cycles (>15).

! During the data collection period, the five days of data collected from May 24 and May 28 were
inadvertently overwritten by project personnel while changing out the data collection media. While thisloss
of datawas unfortunate, there was no apparent skewing of results. Tables 4 and 5 reflect the lost data by
showing blank lines for those dates.
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The duration’s of these drive cycles can be measured in minutes. The corresponding
variations in battery pack voltage are shown in Figure 2.
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Figure 1. Drive cycle and charge currents recorded on May 23, 2001
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Figure 2. Battery pack voltage recorded on May 23, 2001

During the charge cycle the battery pack voltage increased from about 80V to over 100V.
After the vehicle was taken off charge and placed back into service, battery pack voltage
immediately decreased, and then gradually dropped as the number of drive cycles

increased.

GSE Electrification Project - SMF



BTE-06 Data Analysis Report

Battery Pack Ah's
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Figure 3. Battery pack Ah’srecorded on May 23, 2001

Figure 3 shows that in about two hours of charging, ~ 360 Ah of energy were returned to
the battery. With each ensuing drive cycle, the energy returned was consumed. By the
end of May 23, about 50 Ah of battery energy was consumed used.
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Figure 4. Battery pack temperature recorded on May 23, 2001

Figure 4 shows that battery temperature increased during the charge cycle. The high rise
in temperature was due to placement of the thermocouple. To ensure the temperature rise
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of the most limiting component was captured, the thermocouple was installed adjacent to
an inter-cell bus bar.?

Calculated Parameters For One Day’s Data
The following parameters were calculated from data collected for May 23, 2001

Number of drive cycles,

Duration of each drive cycle in minutes,

Ampere-hours used during each drive cycle,

Average current during each drive cycle in Amps,

Maximum current during each drive cycle in Amps,

Standard deviation of current during each drive cycle in Amps,
Average time between two drive cycles in minutes,

Number of charge cycles,

Duration of each charge cycle in minutes,

Ampere-hours restored into the battery pack during the charge cycle,
Average charge current in Amps during the charge cycle,
Maximum charge current in Amps during the charge cycle,

2 Although the battery manufacturer (Exide) would not provide information on the most limiting
component(s),during commissioning tests eTec concluded that the intercell busbars were the most limiting
component under sustained high current conditions. Other manufacturer’s had previously provided eTec
with information that during conditions of sustained high current, the intercell busbar was usually the most
limiting component. Since full charge current values were set at the maximum sustained values allowed by
Exide (240A), the use of the intercell busbar as the most limiting component was consistent with that
information.
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Calculated discharge cycle data from the file for May 23, 2001 are presented in Table 1.

TABLE 1

No | Duration | Capacity | Prax | 1% | St. Dev

min Ah Amps | Amps | Amps
1 0.37 0.29 | 124.00 | 47.91 44.64
2 1.30 1.44|104.00 | 66.44 21.95
3 4.77 3.70 | 136.00 | 46.57 28.82
4 0.47 041 |141.00| 52.71 49.34
5 3.13 348 | 346.00 | 66.72 75.90
6 2.87 444 |1 404.00 | 92.92 95,51
7 3.60 3.92 | 256.00 | 65.36 50.10
8 1.63 1.28|291.00| 47.04 70.82
9 17.57 8.92 | 406.00 | 30.46 63.42
10 1.23 2.02 | 405.00 | 98.11 113.50
11 2.20 219 | 275.00 | 59.74 62.11
12 2.90 1.28 | 302.00 | 26.44 52.62
13 5.77 10.36 | 388.00 | 107.83 68.82
14 3.23 451 |252.00| 83.75 52.43
15 3.80 4.88 | 218.00 | 77.00 42.68
16 0.30 0.23 | 234.00 | 46.33 75.12
17 1.37 1.11|220.00 | 48.83 60.15

Table 2 shows the summary of Drive Cycle information calculated using data from May
23, 2001.

TABLE 2

Drive Cycles

Total Number of Drives Cycles - 17

Average Duration of Drive Cycle min 3.32

Average Ah's used per Drive Cycle Ah 3.20

Average Maximum Drive Cycle Current Amps 264.82

Average Drive Cycle Current Amps 62.60

Average Drive Cycle Current Standard Deviation A 60.47

Total Drive Time min 56.50
% Sample rate was 0.5Hz
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Table 3 shows the summary of Charge Cycle information calculated using data from May

23, 2001
TABLE 3

Charge Cycles
Total Number of Charge Cycles - 1
Total Charge Time min 121.60
Ampere-hoursin Ah 360.40:
Average Charge Current Amps 246.60
Initial Battery Pack Voltage \ 80.83
Final Battery Pack Voltage \ 96.09
Voltage Increase \ 15.26
Initial Battery Pack Temperature °C 28.30
Final Battery Pack Temperature °C 60.20
Battery Pack Temperature Increase °C 31.90
Average Time Between Driving Cycles min 74.23

Criteria For Identifying Drive (Discharge) Cycle

To determine the use patterns of the bag tractors, it was necessary to establish certain
Criteria. These were stated in the following questions:

What constitutes a Drive Cycle?
How will the duration of the Drive Cycle be determined?
How will the number of Drive Cycles be determined?

Figure 1 shows that a drive cycle duration is normally short. The start and the end of the
drive cycle is determined based on the discharge current value. The beginning of a Drive
Cycle was ascertained to coincide with battery current becoming negative. The end of
drive cycle occurred when the battery current dropped to zero. The time between those
two events was stipulated to be a Drive Cycle.

The more difficult task was to determine the number of drive cycles within asingle day.
In order to determine this, it was necessary to establish the end of each of the Drive
Cycles relative to the beginning of the next discharge sequence. [Otherwise stated, how
much wait-time needed to pass before the next drive cycle began.] After reviewing all the
data and observing Ramp Operations, it was decided that five (5) minutes would be the
threshold. Wait times less than five minutes would be considered the same drive cycle;
wait times greater than five minutes would establish anew drive cycle.
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CHARGE DATA SUMMARY

During the period between April 14 and June 27 there were 32 charge cycles recorded.
Table 4 shows the summary of charge data.

TABLE 4
Date Charge | Average | Capacity | Vinitial | Vfinal | Vinitial - | TInitial | Tfinal | TInitial -
Time | Current In Vfinal Tfinal
min | Amps | Ah Volts | Volts | Volts °c °c °c
1 23-Aprt 3393 24370 9850 80.63 94.25 13.62 17.20 26.90 9.70
2 25-Aprt 21.37 22260 71.20 77.89 90.47 1258 2410 41.20 17.10Q
3 30-Aprt 146.30 22450 436.20 78.70 94.90 16.20 1960 58.10 38.50
4 4-Mayl 1843 24400 6390 8584 96.60 1076 26.30 29.90 3.60
5 6-May 149.70 158.00 394.00 79.65 9390 1425 2730 6210 34.80
6 8-May 55.70 202.00 185.64 8251 94.22 11.717 3390 52.00 18.10Q
7 | 10-May, 167.80 103.90 29158 86.03 99.04 1298 30.80 5510 24.30
8 11-May, 49.17) 212.00 17280 82.77 96.39 1362 38.60 54.70 16.10Q
9 11-May, 66.40 189.00 209.1§ 8210 99.14 17.04 4350 61.10 17.6Q
10 | 13-May, 25.63 20537 8743 8330 100.05 16.79 31.20 39.00 7.80
11 | 14-May, 12947 136.20 293.35 8157 94.93 133 2850 55.00 26.50
12 | 15-May) 136.93 105.80 24092 8203 973 1533 3330 5390 20.60
13 | 18-May, 136.27 169.40 334.81] 82.60 95.27 1267 2910 58.80 29.7Q
14 | 23-May, 121.60 246.60 360.40 80.83 96.09 152 2830 60.20 31.90
15 | 30-May, 18147 1787 54.064 86.83 9843 11.60 6090 62.00 1.1Q
16 | 30-May, 271.87 8747 396.34 80.75 98.14 1739 3360 6540 31.80
17 1-dun 27550 8220 37879 8206 99.28 17.22 3390 59.90 26.00
18 3-Jun 264.17 7654 33698 8247 99.67 1720 32.00 59.00 27.00
19 5-Jun 7947 1794 23759 8230 100.18 1788 30.20 5230 23.00
20 7-Jun 8343 19465 25445 8207 97.32 1525 36.70 61.30 24.6Q
21 8Jun 5510 223.10 204.84 8289 101.86 1897 4090 58.80 17.90
22 9-Jun 90.37 189.80 28593 80.9¢ 9748 1652 38.00 8250 24.50
23 11-Jun 8347 19152 266.42 8152 97.12 1560 3060 5550 24.90
24 12-Jun  48.17) 174.60 140.17 83.11 99.76 16.65 33.30 46.80 13.50
25 14-Jun  21.63 133.36 48.09 84.64 100.82 16.18§ 27.60 32.10 4.5Q
26 14-Jun  66.33 181.52 200.68§ 82.86 98.77 1591 35.00 5310 18.10
27 16-Jun  77.30 190.13 2449 8128 93.22 1194 3470 57.80 23.10
28 18-Jun 113.63 189.03 358.00 79.96 9594 1598 36.00 67.60 31.60
29 20-Jun 254.63 81.7q 34698 8436 98.14 13.78 4090 69.70 28.80
30 22-Jun  219.23 109.23 399.13 8094 9845 1753 3320 6140 2820
31 24-dun 267.93 75.87 338.82 82.13 100.02 1788 2890 53.70 24.80
32 | 27-un 15313 14380 367.01 8023 9839 1815 2320 5740 34.20
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Table 4 shows that Ampere-hours returned during the observed period was a minimum of
48.09 Ah and maximum of 436.20 Ah. Figure 5 presents the variation of energy returned
to the battery pack capacity during this period.

Energy Consumed by Charge Cycles (Ah's)
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Figure 5. Variation of Recharged Capacity and Charge Cycles

When atrend lineis applied it shows that energy returned during the Project’ s Duration
increased at the rate of ~4.25 Ah per charge cycle. The Trend Line is shown in Figure 6.
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Figure 6. Trend Line for Recharge Capacity
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A Histogram for energy returned was developed and is shown in Figure 7. This Figure
shows that most of the time energy returned was between 220 Ah and 400 Ah. On one
occasion the energy returned was ~ 440 Ah and severa timesit was less then 220 Ah.
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Figure 7. Histogram for Recharge Capacity

Table 4 shows that recharge time during the observed period was a minimum of 18.43
minutes and maximum of 271.87 minutes. Figure 8 shows the variations in recharge
times during the sampling period.
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Figure 8. Variation of Recharge Time and Charge Cycles
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When atrend lineis applied, it indicates that during the sampling period recharge times
increased at the rate of ~ 3.44 minutes per charge cycle. See Figure 9.
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Figure 9. Trend Line for Recharge Time

A Histogram for recharge times shows that the typical recharge time was between 50 and
150 minutes, with most charges less than 110 minutes. See Figure 10.
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Figure 10. Histogram for Recharge Time
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Histograms for recharge current and pre-charge battery pack voltage® are given in Figures
11 and 12. Figure 11 shows recharge current. Figure 12 shows the pre-charge battery
voltage.
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Figure 11. Histogram for Recharge Current

Histogram for Precharge Battery Pack Voltage
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Figure 12. Histogram for Pre-charge Battery Pack Voltage

* Pre-charge battery pack voltage is the battery voltage seen by the charger immediately prior to the
commencement of charging current flow.
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DISCHARGE SUMMARY DATA

During the observed period there was large number of drive cycles every day. For each
day the average data were calculated. Blank rows indicate no data were collected that
day. These data are presented in Table 5.

TABLE 5
Cycles |Duration| Ah |Between| Imax lavg
min Ah min Amps | Amps

14-Apr] 1 1.23 045 1438.777 9260 21.23
15-Apr] 2 1.40 217 71860 366.00 88.77
16-Apr] 45 2.73 3.89 2027 32451 84.98
17-Apr] 24 3.14 325 56.86 267.33 62.29
18-Apr] 5 3.49 500 28451 228.80 84.12
19-Apr

20-Apr 6 3.69 362 236.31] 190.33 55.58
21-Apr 20 2.18 197 69.82 14440 60.57
22-Apr 8 8.84 266 1711 127.00 37.69
23-Apr 3 2.14 250 466.7§ 222.67 49.43
24-Apr 3 3.31 323 47449 18460 51.30
25-Apr 6 2.13 234 23431 168.17 44.44
26-Apr 1 0.93 0.57 1439.077 148.00 36.64
27-Apr 14 3.03 309 9983 16643 64.55
28-Apr 13 2.18 158 10859 116.31 43.93
29-Apr 13 2.28 1.33 10849 9085 34.23
30-Apr 6 1.94 228 213.67 155.00 47.35
1-May 2 6.40 929 71360 33650 86.69
2-May| 28 3.80 411 4763 34200 69.74
3-May| 4 2.37 421 35763 24450 79.69
4-May)| 25 3.13 407 5373 32152 82.93
5-May 23 5.03 469 5736 19891 6048
6-May| 15 5.42 7.27 80.60 32473 77.87
7-May| 23 4.05 451 5856 305483 68.99
8-May| 22 3.46 3.02 5947 307.3§ 8114
9-May 31 3.85 456 4261 32271 79.48
10-May| 41 3.69 368 2743 329.70 63.8]
11-May| 41 5.83 6.32 2647 333.88 68.40
12-May| 31 3.63 444 4282 311.77 83.60
13-May| 37 4.98 531 3325 34216 93.58
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Cycles |Durationl Ah |Between| Imax lavg
min Ah min Amps | Amps
14-May| 16 3.46 356 73.63 312.88 75.39
15-May 36 3.5] 465 3269 31892 87.39
16-May| 25 3.27 481 5433 357.00 99.83
17-May| 27 7.22 717  46.11 24541  64.51
18-May| 12 4.10 341 10455 326.75 63.71
19-May
20-May 30 3.47 406 4453 329.00 77.16
21-May 12 3.49 455 116,51 314.92 93.67
22-May 37 3.73 322 3519 18249 64.57
23-May 17 3.32 320 7423 26482 62.60
24-May|
25-May|
26-May|
27-May|
28-May|
29-May 21 4.21 553 6436 294.24  85.37
30-May 22 3.04 252 50.06 23273 63.83
31-May| 34 3.26 380 39.09 31624 75.10
1-Jun 37 6.34 567 2544 29346  75.32
2-Jun 48 3.11 415 2689 33746 80.98
3-Jun 20 4.43 569 6757 29585 90.66
4-Jun 42 4.09 417 3020 287.62 70.94
5-Jun 14 3.26 403 9960 32400 86.71
6-Jun 18 5.46 528 7454 339.72 74.82
7-Jun 17 12.43 13.11 67.37 38229 78.63
8-Jun 34 5.22 526 3551 344.62 80.90
9-Jun 34 5.80 711 33.89 29341 79.44
10-Jun 34 4.68 437 3767 31253 65.16
11-Jun 36 5.76 455 3192 25514  58.72
12-Jun 24 4.43 410 5356 300.33 64.02
13-Jun 14 3.93 444 9893 317.79 74.38
14-Jun 30 5.59 532 3948 28437 6391
15-Jun 39 5.53 559 3139 309.90 69.16
16-Jun 26 5.66 443 46.75 286.00 61.26
17-Jun 8 11.31 1599 168.69 320.33 81.77
18-Jun 27 4.22 3.69 4490 153.22 52.99
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Cycles |Durationl Ah |Between| Imax lavg
min Ah min Amps | Amps
19-Jun 33 6.05 515 3758 34858 63.70
20-Jun 25 6.99 6.16 4042 316.80 86.92
21-Jun 38 3.50 404 3440 32421 72.03
22-Jun 17 6.78 7.37 65.03 208.82 6149
23-Jdun 36 5.47 4.67 3453 33192 68.54
24-Jun 34 5.90 400 2857 29256 57.57
25-Jun 22 5.30 525 60.15 32041 71.92
26-Jun 22 9.65 9.71 5581 22259 67.05
27-Jun 8 2.80 246 158.0§ 187.3§ 52.29

Table 5 shows that during the observed time interval, there were seven days with no data
collected (see footnote 1). For every other day, data on the table are average values. The
second column in Table 5 contains the number of drive cycles for that day. The number
of drive cycles per day varies from 2 cyclesto 48 cycles, which is shown graphically in
Figure 13. Although some data for the month of May are missing, the graph shows a
gradual increase in the number of drive cycles over the observed period.
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Figure 13. Number of Drive Cycles over the Observed Period
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Drive Cycles per Day

Figure 14 shows that the number of drive cyclesincreased at the rate of ~ 0.23 drive

cycles per day. Trend line also shows that over the data collection

period, the average

number of drive cycles more than doubled, from 13 drive cycles per day at the beginning

to over 30 drive cycles per day.
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Figure 14. Trend Line for the Number of Drive Cycles

Figure 15 contains a Histogram showing the distribution of the number of drive cycles
per day, given on Figure 15, shows that in most of the days there were 25 drive cycles.
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Figure 15. Histogram for the Number of Drive Cycles per Day
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Average Drive Cycle Duration

The third column in Table 5 shows the average duration of drive cycles per day. This
average varies from alow of 0.93 minutes to a high of 12.43 minutes, and is shown
graphically in Figure 16. Although some data for the month of May are missing, the
graph none-the-less shows a gradual increase in the number of drive cycles over the
observed period. Figure 17 shows that the number of drive cyclesincreased at the rate of
0.048 minutes per day. A trend line shows that the average duration of daily drive cycles
doubled over the observed period: from just under 3 minutes per drive cycle at the
beginning to over 6 minutes per drive cycles by the end of observed period.
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Figure 16. Average Duration of Drive Cycles per Day
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Figure 17. Trend line for Average Duration of Drive Cycles per Day
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A Histogram for Drive Cycle duration shows that while most drive cycles were between
2 and 7 minutes in duration, the majority of drive cycles had a duration of 4 minutes.

Histogram for Drive Cycle Duration (minutes)
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Figure 18. Histogram for Drive Cycle Duration

The fifth column in the Table 5 shows the average time between drive cycles each day.
The averages, which vary from alow of 25.44 minutes to a maximum of 1439 minutes
are given in Figure 19. Although some data for the month of May are missing, the graph
shows a gradual decrease in the average number of drive cycles over the observed period.
This can be attributed to both the increased number of drive cycles per day, and lessening
skew effect of the extremely high wait times at the beginning of the observation period.
Figure 20 shows that the average time between drive cycles decreased at the rate of ~ 5.1
minutes per day. The trend line also shows that the average time between drive cycles
decreased over 10 times over the observed period.

To better evaluate the data without the del eterious effects of skewing from four extremely

high datum, those four points were removed from the data set, and the graph recast. The
results are contained in Figures 21 and 22.
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Average Time Between Drive Cycles — Unmodified
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Figure 19. Average time between drive cycles per day over the observed period
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Figure 20. Trend line for average time between drive cycles per day
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Modified Average Drive Cycles

When the four points greater than 300 minutes are ignored, the trend line for time
between two drive cyclesis given on Figure 21.
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Figure 21. Trend Line for Time Between Drive cycles

A histogram for the time between two drive cycles, shown in Figure 22, indicates that the
majority of time, the time between drive cycles was between 40 minutes and 80 minutes.
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Figure 22. Histogram for Time Between two Drive Cycles
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Ampere-Hours (Ah) per Drive Cycle

The fourth column in the Table 5 gives the average Ah’s used in adrive cycles per day.
The average varied from alow of 0.45 Ah to a maximum of 15.99 Ah and is shown in
Figure 23. Although some data for the month of May are missing, the graph shows a
gradual decrease in Ah’'s used per cycle per day over the observed period. Figure 24
shows that the average Ah’s used increased at the rate of ~ 0.05 Ah per drive cycle per

day. A trend line aso shows that the average Ah’s used per drive cycle doubled over the

observed period.
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Figure 23. Average Ah's Used in a Drive Cycle per Day
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Figure 24. Trend Line for Average Ah’s Used in a Drive Cycle per Day
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Figure 25 isaHistogram for Ah’s used per drive cycle, and shows that the typical drive
cycle used between 4 Ah and 6 Ah.

Histogram for Ah's Used per Drive Cycle
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Figure 25. Histogram for Ah's Used
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AVERAGE CHARGE AND DISCHARGE DATA FOR PROJECT

The average values for the charge and discharge cycles were determined for the entire
observed period. Table 5 shows average charge data, while Table 6 shows average

discharge data.
TABLE 5
Charge Average | Capacity | Vinmar | Venae | Vinmae | Tinmiac Tenar | TinimiaL -
Time Current In - VenaL TrNAL
min Amps Ah Volts | Volts | Volts °C °C °C
114.80 | 169.15 256.16 81.95 97.16 15.21 31.60 54.83 22.54
TABLE 6
Average Average Average Average Average
Number of | Duration of Ampere- Time Current for
Cycles per Cycle hours used Between Cycle
Day per Cycle Cycles
minutes Ah minutes Amps
22 441 4.58 147.29 68.94
CONCLUSION

Based upon these averages, the average tractor can expect a normal discharge per day of
approximately 101 Ah, or approximately 26% of it’'s available battery capacity. The
vehicles used in this project were outfitted with discharge limit devices to prevent
discharging the battery below 30% of nhominal capacity. Therefore, the tractor will
consume approximately 30% of its rated capacity per day. However, the SuperCharge
only charges the battery to ~80% State of Charge. This reduces the available energy to
50% (80% of nominal capacity — 30% lower SOC lower Limit). If the tractor consumes
~101 Ah per day, this equates to ~42% available capacity per day. This means the tractor
could theoretically operate for two full days between charges. Thisis consistent with the
datafor all the tractors, which indicates the charger completes dlightly less than 7 charges
per day for a population of 12 electric bag tractors.

GSE Electrification Project - SMF



Cycles Per Day By Highest Usage - Vehicle BTE-06
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Total Cycles per Day of Week - Vehicle BTE-06
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Power Analysis A13 ETEC Charger 7-Day
Monitoring

Introduction

Thisisasummary of the power conditions at the SMF site, recorded at the SuperCharge
battery charger located at Gate A13. Data at this location was collected between 13:35:46
on March 8, 2001 through 09:00:00 on March 14, 2001.

This summary is composed of:

- Theinitia conditions section, wihch defines the power conditions at the above
location.
The Events section, a summary of the voltage events that occurred at this location
during the monitor interval. Events are defined as changes in the monitored voltage.
These changes may be subtle or severe. The power tolerance curve provides a
graphical representation of the likelihood of an event to disrupt equipment operations.
The Voltage Current and Frequency (VIF) section, which contains summaries for
each of these parameters during the monitoring interval.
The Harmonics section, which contains the voltage and current harmonics, and
harmonic distortion summaries acquired during the monitoring interval.
The Power section, which containsthe VA, VARS, Watts, and Power factor acquired
during the monitoring interval. For multiphase locations, voltage and current
imbalances are a so included.

Site and Location Information
Site Information

Name SMF

Date and Time 12/01/00 09:54:49
Location Information

Name A13 ETEC Battery Charger
Power Type Three phase delta

Feed Phase 480V

Date and Time 03/14/01 09:48:52

Nominal Frequency 60 Hz

Preparation Date: March 19, 2001 1



Report Parameters

This report was prepared on 03/19/01. The following limits were used in analyzing the
results.

Maximum Phase Voltage. 504V
Minimum Phase Voltage. 456 V
Maximum Impulse Voltage. 500 V
Maximum. Waveshape V oltage. 10V
Maximum Fregquency Deviation. .02 Hz
Minimum Power Factor. 8
Maximum Voltage T.H.D. 5%
Maximum Current T.H.D 350 %
Maximum V oltage Imbalance. 2%
Maximum Current Imbalance. 200 %

Any values outside these limits are noted in the report. Vaues within the limits are
considered to be within a safe operating range.

Preparation Date: March 19, 2001



Initial Conditions

The summary of al the electrical parameters at this location is presented in the tables and
graphs below. Parameters marked with an “*’ lie outside the limits defined above.

Initial Power measurements for SMF A13 Battery Charger, 03/14/01 at 09:48:52

Measurement Phase A Phase B Phase C
True RMS. Voltage 479.9v 480.5v 480.9v
Max. Peak to Peak Voltage 1.350kV 1.354kV 1.356kV
True RMS. Current 35.25A 40.47A 37.85A
Max. Peak to Peak Current  105.1A 118.8A 117.1A
Fundamental RMS. Voltage 479.8V 480.4Vv 480.9v
Voltage Angle 0° 240.1° 120.1°
Fundamental RMS. Current  34.86A 40.05A 37.77A
Current Angle 351.5° 231.3° 103.7°
Fundamental Impedance 7.954 Ohms 6.918 Ohms 7.351 Ohms
Impedance Angle 8.487° 8.769° 16.38°
Voltage Imbalance 0.12%

Current Imbalance 7.18%

Total Voltage Harmonics 0.952% 0.874% 0.990%
Total Current Harmonics 8.855% 7.595% 8.022%
True VA 9.700k 11.16k 10.52k
True VARS. 1.480k 1.929k 2.924k
True Watts 9.587k 10.99k 10.11k
Distortion 24.17 26.53 48.74
True Power Factor 0.988 0.984 0.960
Fundamental VA 9.668k 11.09k 10.49k
Fundamental VARS. 1.427k 1.692k 2.959k
Fundamental Watts 9.562k 10.96k 10.06k
Fundamental Power Factor  0.989 0.988 0.959

The Initial Conditions are within the limits defined above.

Preparation Date: March 19, 2001



The Voltage waveforms for SMF A13 Battery Charger are shown below:

SMF (413 Battery Charger 3/14/01)

T Phasze A-B Volbage Wawveform. Mar 08 2001 13:35:49

ov

STE0V

13.333 milizecondsidiv. 479.91% RMS CF =1 40

¥,

The Current waveforms for SMF A13 Battery Charger are shown below:

SMF (413 Battery Charger 3/14/01)

o Phasze A Current Wayeform. Mar 05 2001 13:35:49

-, W _,
o ’ / 1 v i \.“\ ',.r"

-100A -

13.333 milizecondsidiv. 35.2574 RMS CF =1 60

¥,
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The Voltage, Current and Impedance Phasors for SMF A13 Battery Charger are shown
below:

SMF (A13 Battery Charger 3/14/01)
Fundamental Phasor Wectors, Mar 05 2001 13:35:49

Phaze ‘otz Angle C-A o Phaze Amps Aniggle CQD
1-=8-B 473V o° 1-24 3484 350
2-=B-C 480V 240°  qage 5 2-=B 40.04 23" qage o°
F-=C-A 480V 120° 3-=C 3TTA 103"
Imbalance = 0.121% Imhalance = 7.153% B
B-Coroe 270"

Phase A Impedance Phasze B Impedance Phase C Impedance
EHE |
-R +R -R +R -R +R
CHE |
Xe Xe s
Amplitude = 7.95 Ohms Amplitude = .91 Chms Amplitude = 7.35 Ohms
Angled 457 Angled 76" Angle6 3"

Preparation Date: March 19, 2001




Voltage Events

The following summarizes the results of the Power Quality monitoring survey from
03/08/01 13:35:46 through 03/14/01 09:00:00. It isintended to present an overview of the
power quality at SMF:A13 Battery Charger 3/14/01. The table below is alisting of the

most significant events.

Event Description No.
Phase A Largest RMS. Event 1600
Phase A Largest Waveshape Event 4940
Phase A Longest Waveshape Event 900
Phase A Largest Impulse Event N/A
Phase A Longest Impulse Event N/A

Phase B Largest RMS. Event 1241
Phase B Largest Waveshape Event 3971
Phase B Longest Waveshape Event 4051
Phase B Largest Impulse Event N/A
Phase B Longest Impulse Event N/A

Phase C Largest RMS. Event 522
Phase C Largest Waveshape Event 1522
Phase C Longest Waveshape Event 262
Phase C Largest Impulse Event N/A
Phase C Longest Impulse Event N/A

Preparation Date: March 19, 2001

Amp.
467.0V
466.5V
474.8V

468.0V
466.7V
471.9V

468.5V
464.0V
468.0V

Duration
30.225 min
33.333ms
50 ms

1.182 hr
33.333ms
66.667 ms

10.767 hr
16.667 ms
33.333ms

Date and Time

Mar 10 2001 04:30:18
Mar 13 2001 05:49:51
Mar 09 2001 12:14:25

Mar 10 2001 04:30:18
Mar 13 2001 05:49:51
Mar 13 2001 07:47:05

Mar 09 2001 22:00:10
Mar 12 2001 14:55:13
Mar 09 2001 12:14:25



Power Tolerance Envelope

The power quality parameters are summarized in the Power Tolerance Envelope shown
below. Each dot on these graphs represents an event. The areas outside of these lines
depict events which are often associated with equipment malfunction. No significant
voltage events occurred during the monitoring period.

Phase A Event Tolerance Summary

SMF (A13 Battery Charger 3/14:01) (CBEMA) (@
Phase A-B Event Talerance Summary. March 14, 2001, 295 events.
200% -
200%
A00% -  Wm E o E R T i1
0% L . . L . . . .
A0 uz A00us 1ms833ms 1= A 1 min 1 hr 1 daw
Phase B Event Tolerance Summary
SMF {413 Battery Charger 3/14:01) (CBEMA) (@
Phase B-C Event Tolerance Summary. March 14, 2001 . 246 everts.
200%
200% -
A00% - P ® ¥ I
0% L . . L . . . .
A0 uz A00us 1ms833ms 1= A 1 min 1 hr 1 daw
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Phase C Event Tolerance Summary

200%

200%

00 %

0%

SMF (A13 Battery Charger 3/14/01) (CBEMA)
Phase C-A Evert Tolerance Sumimary . March 14, 2001 . 106 events.

O M R IERE L

ADuz 400wz A1 ms2833ms s 1=

¥,
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Event History Graphs

A summary of events that occurred during the monitoring interval is shown in the event
history graphs below. These events are graphed by amplitude versus time of occurrence.

Phase A Event History Summary

SMF (A13 Battery Charger 3/14/01) (@
Phasze A-B Event History Summary. March 14, 2001, 299 events,

200% |-

200% -

QOO b o mcmweot e 0500 3o POTNE COT o EOME T M 0 L e Me e T T 4

0%
A13:25 Mar 02, 2001 08:00 har 14, 2001

Phase B Event History Summary

SMF (A13 Battery Charger 3/14/01) (@
Phasze B-C Event Hiztory Summary. March 14, 2001 . 246 events.

200% -

200% -

OO kb bt o o Ml Mool ocHTEDRS  ERSSH o HACONRCIRCIH WM, SCORIES WG IGN oy oo WOER

0%
A13:25 Mar 02, 2001 08:00 har 14, 2001
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Phase C Event History Summary

SMF (A13 Battery Charger 3/14/01)
Phase C-A Event History Summary. March 14, 2001 . 106 events.
300% -
200% -
100 % e = o e B RS M o N SN, MNME,  HEENE H e faoal sy
%
1335 Mar g, 2001 02:00 hdar 14, 2001
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Impulses

Impulses are shown on the left side of the Power Tolerance Envelope. They are relatively
high frequency voltage excursions of short duration. When these disturbances are of
significant magnitude and duration, they can cause malfunction of sensitive electronic
equipment and damage both components and insulation. No significant Impulse Events
occurred during the monitoring period.

Waveshape Faults

Waveshape faults are longer in duration than impulses and are shown in the middle of the
Power Tolerance Envelope. They are often sub-cycle distortions of the AC sinusoid.
However, these distortions can last for a fraction of the single cycle period or they can
continue for hundreds of milliseconds, hours or even days. All equipment which is not
supplied by an Uninterruptible Power Supply, or whose power supply doesn’t inherently
have sufficient “ride through” to withstand this type of disturbance will be disrupted.
Frequently these disturbances are associated with impulses. No significant Waveshape
Faults occurred during the monitoring period

Voltage Swells and Sags

The utility strivesto keep RMS levels within a +5%, -5% range of the nominal voltage.
Swells are those events when RM S levels rise above the +5% range. Sags are those
events when RMS levels go below the -5% range. Duration is generally from a few
cyclesto afew seconds. No significant RMS Events occurred during the monitoring
period.

Preparation Date: March 19, 2001 11



Voltage, Current and Frequency Summaries

Voltage, Current and Frequency measurements for SMF A13 Battery Charger from
13:35:46 on March 8, 2001 through 09:00:00 on March 14, 2001.

RMS. Voltages Value Date and Time
Phase A minimum 466.5V Mar 13 2001 04:55:46
Phase A average 478.7V

Phase A maximum 485.9v Mar 09 2001 22:45:46
Phase B minimum 466.3V Mar 12 2001 14:45:46
Phase B average 479.7V

Phase B maximum 487.0v Mar 09 2001 22:35:46
Phase C minimum 463.8V Mar 12 2001 14:45:46
Phase C average 480.2V

Phase C maximum 487.8V Mar 09 2001 22:45:46
RMS. Currents Value Date and Time
Phase A minimum 1.648A Mar 09 2001 08:05:46
Phase A average 11.03A

Phase A maximum 56.76A Mar 09 2001 22:35:46
Phase B minimum 2.563A Mar 11 2001 09:45:46
Phase B average 13.17A

Phase B maximum 67.75A Mar 09 2001 22:35:46
Phase C minimum 2.380A Mar 08 2001 13:45:46
Phase C average 12.43A

Phase C maximum 53.10A Mar 09 2001 22:35:46
Frequency Value Date and Time
Phase A minimum 59.93Hz Mar 11 2001 06:45:46
Phase A average 59.99Hz

Phase A maximum 60.05Hz Mar 10 2001 13:15:46
Phase B minimum 59.93Hz Mar 11 2001 06:45:46
Phase B average 59.99Hz

Phase B maximum 60.05Hz Mar 10 2001 13:15:46
Phase C minimum 59.93Hz Mar 11 2001 06:45:46
Phase C average 59.99Hz

Phase C maximum 60.05Hz Mar 10 2001 13:15:46

Preparation Date: March 19, 2001



RMS. Voltage Summaries for SMF A13 Battery Charger

Phase A Voltage Summary
SMF (413 Battery Charger 3/14/01) lg
o Phaze A-B RMS Voltage. Mar 14 2001 09:00;00
FE0V |-
SO0
2500 |-
o y ' . '
13:35 Mar 02, 2001 1.162 daysidiv. 09:00 har 14, 2001
Min. 466.5V Mar 13 2001 04:55:46
Avg. 478.7V
Max. 485.9v Mar 09 2001 22:45:46
Phase B Voltage Summary
SMF {413 Battery Charger 3114/01) l@
T Phaze B-C RMS Yoltage. Mar 14 2001 08:00:00
TEOIW
SO0V |-
Rt bl L T T T e e ¥ L e
2500 -

o +
A13:25 Mar 02, 2001

1AG2 daysidiv. 08:00 har 14, 2001

Preparation Date:

Min. 4663V Mar 12 2001 14:45:46
Avg. 479.7V
Max. 4870V Mar 09 2001 22:35:46

March 19, 2001




Phase C Voltage Summary

SMF (413 Battery Charger 3/14/01) .“d
o Phaze C-A RMS Voltage. Mar 14 2001 09:00;00
FE0V |-
SO0 | ;
2500 |-
13:35 Mar 02, QDID‘I 1I.162 daysidiv. I DQ:DD Mar 14, 2001
Min. 463.8V Mar 12 2001 14:45:46
Avg. 480.2V
Max. 487.8V Mar 09 2001 22:45:46

Preparation Date: March 19, 2001
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RMS. Current Summaries for SMF A13 Battery Charger

Phase A Current Summary

SMF (A 13 Battery Charger 3/14/01)
o Phase A RMS Current. Mar 14 2001 09:00:00

TSA-

S04

ik m\i il

i“'l W \M‘m L m‘l’ WHM)

13 35 hdar 0, 2001 1162 daysidiv. (nl=} IZIIZI hdar 1<, 2001
Min. 1.648A  Mar 09 2001 08:05:46
Avg. 11.03A
Max. 56.76A  Mar 09 2001 22:35:46

Phase B Current Summary

SMF (A 13 Battery Charger 3/14/01)
o Phaze B RMS Current. Mar 14 2001 08:00:00

TSA-

Lo
iy i

A 13:35 Mar g, 20-01 1 162 daysidiv. (nl=} IZIIZI hdar 1<, 2001
Min. 2.563A Mar 11 2001 09:45:46
Avg. 13.17A
Max. 67.75A Mar 09 2001 22:35:46
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Phase C Current Summary

1004

TSA-

S04

SMF (A 13 Battery Charger 3/14/01)
Phaze C RMS Current. Mar 14 2001 09:00:00

‘V mu WAL m\“ MM)

Preparation Date: March 19,

13 35 hdar g, 2001 1 162 daysidiv. (nl=} IZIIZI hdar 1<, 2001
Min. 2.380A Mar 08 2001 13:45:46

Avg. 12.43A

Max. 53.10A Mar 09 2001 22:35:46

2001
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Voltage and Current Distortion Summaries

Voltage and Current harmonic distortion measurements for SMFA 13 Battery Charger
between 13:35:46 on March 8, 2001, through 09:00:00 on March 14, 2001.

Voltage Distortion Value Date and Time
Phase A minimum 0.68% Mar 14 2001 06:05:46
Phase A average 0.971%

Phase A maximum 1.26% Mar 09 2001 23:15:46
Phase B minimum 0.57% Mar 13 2001 05:25:46
Phase B average 0.887%

Phase B maximum 1.19% Mar 10 2001 11:35:46
Phase C minimum 0.64% Mar 14 2001 06:35:46
Phase C average 1.014%

Phase C maximum 1.35% Mar 09 2001 23:15:46
Current Distortion Value Date and Time
Phase A minimum 15.29% Mar 13 2001 18:25:46
Phase A average 133.9%

Phase A maximum 327.6% Mar 09 2001 01:55:46
Phase B minimum 8.68% Mar 13 2001 18:25:46
Phase B average 44.18%

Phase B maximum 110.5% Mar 14 2001 07:15:46
Phase C minimum 8.21% Mar 12 2001 13:15:46
Phase C average 43.25%

Phase C maximum 111.8% Mar 14 2001 07:15:46

Preparation Date: March 19, 2001



Voltage T.H.D. Summaries for SMF A13 Battery Charger

Phase A Voltage Distortion

SMF {413 Battery Charger 3114/01) Eg?
5% Phase A-B Woltage Harmonic Distortion. Mar 14 2001 08:00:00
TEMI
5%
25%
W—wwm
0% + 1 + .
1335 Mar g, 2001 1162 daysidiv. 02:00 hdar 14, 2001
Min. 0.68% Mar 14 2001 06:05:46
Avg. 0.971%
Max. 1.26% Mar 09 2001 23:15:46

Phase B Voltage Distortion

SMF {413 Battery Charger 3114/01) Eg?
5% Phase B-C Yoltage Harmonic Distortion. bar 14 2001 09:00:00
TEMI
5%
25%
R NP IR R
0% + 1 + .
1335 Mar g, 2001 1162 daysidiv. 02:00 hdar 14, 2001
Min. 0.57% Mar 13 2001 05:25:46
Avg. 0.887%
Max. 1.19% Mar 10 2001 11:35:46

Preparation Date: March 19, 2001 18



Phase C Voltage Distortion

SMF (413 Battery Charger 3/14/01) (@
i Phazse C-A Woltage Harmonic Distortion. Mar 14 2001 09:00;00
TE%|
e
ZE%|-
0% y ' . '
13:35 Mar 02, 2001 1.162 daysidiv. 09:00 har 14, 2001
Min. 0.64% Mar 14 2001 06:35:46
Avg. 1.014%
Max. 1.35% Mar 09 2001 23:15:46

Preparation Date: March 19, 2001
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Current T.H.D. Summaries for SMF A13 Battery Charger

Phase A Current Distortion

SMF {A13 Battery Charger 3/14/01)

i Phaze A Current Harmonic Distortion. Mar 14 2001 09:00:00 ﬂ: g
TSN
Z2E0% -
125%
0% + 1 + .
1335 Mar g, 2001 1162 daysidiv. 02:00 hdar 14, 2001
Min. 15.29% Mar 13 2001 18:25:46
Avg. 133.9%
Max. 327.6% Mar 09 2001 01:55:46
Phase B Current Distortion
SMF {413 Battery Charger 3114/01) Eg?
i Phaze B Current Harmonic Distortion. Mar 14 2001 05:00:00
TSN
Z2E0% -
125%
0% + 1 .
1335 Mar g, 2001 1162 daysidiv. 02:00 hdar 14, 2001

Preparation Date:

Min.  8.68% Mar 13 2001 18:25:46
Avg. 44.18%
Max. 1105%  Mar 14 2001 07:15:46
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Phase C Current Distortion

SMF {413 Battery Charger 3114/01) .g
Phaze C Current Harmonic Distortion. Mar 14 2001 05:00:00

S00%

TSN

Z2E0% -

125%

0% + 1 .
1335 Mar g, 2001 1162 daysidiv. 02:00 hdar 14, 2001

Min. 8.21% Mar 12 2001 13:15:46
Avg. 43.25%
Max. 111.8% Mar 14 2001 07:15:46

Preparation Date: March 19, 2001
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Power Summaries

Power measurements for SMF A13 Battery Charger from 13:35:46 on March 8,
2001, through 09:00:00 on March 14, 2001.

Imbalance Value Date and Time
Minimum Voltage Imbalance 0.08% Mar 09 2001 12:55:46
Average Voltage Imbalance 0.167%

Maximum V oltage Imbalance 0.31% Mar 10 2001 20:05:46
Minimum Current Imbalance 4.68% Mar 11 2001 18:45:46
Average Current Imbalance 15.52%

Maximum Current Imbalance 27.94% Mar 13 2001 11:25:46
VA Power Value Date and Time
Phase A minimum 459.4VA Mar 11 2001 09:45:46
Phase A average 3.105kVA

Phase A maximum 15.90kVA Mar 09 2001 22:35:46
Phase B minimum 748.5VA Mar 11 2001 09:45:46
Phase B average 3.690kVA

Phase B maximum 18.92kVA Mar 09 2001 22:35:46
Phase C minimum 663.7VA Mar 08 2001 14:45:46
Phase C average 3.498kVA

Phase C maximum 14.91kVA Mar 09 2001 22:35:46
Tota minimum 2.966kVA Mar 09 2001 18:05:46
Total average 10.29kVA

Total maximum 37.36kVA Mar 09 2001 22:35:46
VARS Power Value Date and Time
Phase A minimum -6.977kVAR Mar 09 2001 22:35:46
Phase A average -425.7VAR

Phase A maximum 6.803kVAR Mar 09 2001 22:45:46
Phase B minimum -8.252kVAR Mar 10 2001 18:45:46
Phase B average -471.1VAR

Phase B maximum 8.724kVAR Mar 12 2001 11:35:46
Phase C minimum -8.160kVAR Mar 09 2001 22:35:46
Phase C average 1.493kVAR

Phase C maximum 8.107kVAR Mar 12 2001 20:45:46
Tota minimum -5.305kVAR Mar 09 2001 23:05:46
Total average 596.3VAR

Tota maximum 7.816kVAR Mar 09 2001 20:35:46

Preparation Date: March 19, 2001



Watts Power
Phase A minimum
Phase A average
Phase A maximum

Phase B minimum
Phase B average
Phase B maximum

Phase C minimum
Phase C average
Phase C maximum

Total minimum
Total average
Total maximum

Demand Power
Phase A minimum
Phase A average

Phase A maximum

Phase B minimum
Phase B average
Phase B maximum

Phase C minimum
Phase C average
Phase C maximum

Total minimum
Total average
Total maximum

Power Factor
Phase A minimum
Phase A average
Phase A maximum

Phase B minimum
Phase B average
Phase B maximum

Phase C minimum
Phase C average
Phase C maximum

Total minimum
Total average
Total maximum

Preparation Date: March 19, 2001

Value

-976.6W
2.256kW
15.47kW

-649.4W
3.180kW
17.39kW

-1.581kW
2.970kW
14.04kW

805.2wW
8.407kW
35.16kW

Value
82.57W
2.440kW
10.96kW

531.5W
3.180kW
12.06kW

505.9W
2.970kW
11.66kW

1.258kW
8.591kW
34.69kW

Value
0.000 Lead
0.508 Lead
0.000 Lag

0.000 Lead
0.694 Lead
0.000 Lag

0.000 Lead
0.676 Lag
0.000 Lag

0.970
0.580
0.264

Date and Time
Mar 12 2001 18:35:46

Mar 09 2001 22:35:46
Mar 09 2001 08:25:46

Mar 09 2001 22:35:46
Mar 13 2001 12:45:46

Mar 09 2001 22:35:46
Mar 13 2001 08:35:46

Mar 09 2001 22:35:46

Date and Time
Mar 09 2001 11:15:46

Mar 09 2001 22:35:46
Mar 12 2001 06:00:46

Mar 09 2001 22:35:46
Mar 14 2001 08:30:46

Mar 09 2001 22:35:46
Mar 14 2001 08:30:46

Mar 09 2001 22:35:46

Date and Time
Mar 09 2001 19:55:46

Mar 10 2001 12:05:46
Mar 12 2001 18:35:46

Mar 10 2001 17:55:46
Mar 13 2001 08:05:46

Mar 12 2001 20:55:46
Mar 10 2001 06:25:46

Mar 12 2001 08:55:46
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Voltage and Current Imbalance Summaries for SMF A13 Battery Charger

Voltage Imbalance

SMF (413 Battery Charger 3/14/01) (d
Total Woltage Imbalance. bar 14 2001 09:00:00 A
30%
Z2E%
15% -
TE%

. 13:35 hMar0s, QDID‘I _';.162 daysidiv. * DQ:DD hdar 1<, 2001
Minimum Voltage Imbalance 0.08% Mar 09 2001 12:55:46
Average Voltage Imbalance 0.167%

Maximum V oltage Imbalance 0.31% Mar 10 2001 20:05:46
Current Imbalance
SHF (413 Battery Charger 3/14/01) d
Total Current Imbalance. Mar 14 2001 09:00:00 "
100 %
TE% -
S0% -
25%
0% - ' . :
1335 Mar g, 2001 1162 daysidiv. 0200 hdar 14, 2001
Minimum Current Imbalance 4.68% Mar 11 2001 18:45:46
Average Current Imbalance 15.52%
Maximum Current Imbalance 27.94% Mar 13 2001 11:25:46

Preparation Date: March 19, 2001 24



VA Power Summaries for SMF A13 Battery Charger
Phase A VA Summary

SMF (413 Battery Charger 3:14/01)
Phasze & Y& Mar 14 20071 09:00:00
00KA
TaKa
soka
TR
*13:35 Mar08, 2001 1482 daystdi. 0500 Mar 14, 2001
Min. 459.4VA Mar 11 2001 09:45:46
Avg. 3.105kVA
Max. 15.90kVA Mar 09 2001 22:35:46

Phase B VA Summary

SMF (413 Battery Charger 3/14/01)
Phase B VA, Mar 14 2001 09:00:00
00K A
TEKW A
A0kWA -
2EKWA -
|
' [ H I *
aual __MJ_JJHHI_%_ 9 LY T ] ;
A13:25 Mar 02, 2001 1AG2 daysidiv. 08:00 har 14, 2001
Min. 748.5VA Mar 11 2001 09:45:46
Avg. 3.690kVA
Max. 18.92kVA Mar 09 2001 22:35:46

Preparation Date: March 19, 2001
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Phase C VA Summary

SMF {A13 Battery Charger 3/14/01)

Phase C W, Mar 14 2001 05:00:00
00k A

TEKW A

SOkWA -

2EKWA -

¥

Min. 663.7VA Mar 08 2001 14:45:46
Avg. 3.498kVA
Max. 14.91kVA Mar 09 2001 22:35:46

Total VA Summary

SMF {A13 Battery Charger 3/14/01)

Tatal A bdar 14 2001 05:00:00
S00KNA

225K AL

G0k A -

TEKWA -

0

¥

13:35 Mar 02, 2001 1,162 daysidiv. 09:00 Mar 14, 2001
Min. 2.966kVA Mar 09 2001 18:05:46

Avg. 10.29kVA

Max. 37.36kVA Mar 09 2001 22:35:46

Preparation Date: March 19, 2001
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VARS Power Summaries for SMF A13 Battery Charger

Phase A VARS Summary

Phaze & %AR. Mar 14 2001 05:00:00
A00KAR

SMF (413 Battery Charger 3/14/01)

SOKVAR

-S0KVAR -

- 100KV AR + + + +
13:346 Mar 0, 2001 1162 daysidiv. 0900 ar 14, 2001

Min. -6.977KVAR  Mar 09 2001 22:35:46
Avg. -425.7VAR
Max. 6.803kVAR Mar 09 2001 22:45:46

Phase B VARS Summary

SMF {413 Battery Charger 3114/01)
Phaze B WAR. Mar 14 2001 05:00:00

100K AR
SOKVAR -

ovAR Pk

-SOkMAR |
100kyAR / : ; :
13:35 Mar 03, 2001 1162 daysidiv. 09:00 har 14, 2001
Min. -8.252kVAR Mar 10 2001 18:45:46
Avg. -471.1VAR
Max. 8.724kVAR Mar 12 2001 11:35:46

Preparation Date: March 19, 2001
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Phase C VARS Summary

SMF {A13 Battery Charger 314/01) ."d
Phaze C WAR Mar 14 2001 09:00:00
100KV AR
S0kVAR -
-S0kAR
100k AR . + : '
13135 Mar0g, 2001 1,162 daysidiv. 09:00 kdar 14, 2001
Min. -8.160kVAR Mar 09 2001 22:35:46
Avg. 1.493kVAR
Max. 8.107kVAR Mar 12 2001 20:45:46
Tota VARS Summary
SMF {A13 Battery Charger 314/01) ."d
Total WAk Mar 14 2001 09:00:00
200KSAR
150KVAR -

-150KVAR

-200KWAR

OV AR b h rm  m oh,  an oo ek e rees annre 4 awamarmn ]

A13:25 Mar 02, 2001

1AG2 daysidiv. 08:00 har 14, 2001

Min.
Avg.
Max.

Preparation Date: March 19, 2001

-5.305kVAR Mar 09 2001 23:05:46
596.3 VAR
7.816kVAR Mar 09 2001 20:35:46

28



WATTS Power Summaries for SMF Al13 Battery Charger

Phase A Watts Summary
SMF {413 Battery Charger 3114/01) "a
Phaze AWatts, Mar 14 2001 09:00:00
A 00k
SOk -

=50k -
100k + 1 + .
1335 Mar g, 2001 1162 daysidiv. 02:00 hdar 14, 2001
Min. -976.6W Mar 12 2001 18:35:46
Avg.  2.256kW
Max.  15.47kW Mar 09 2001 22:35:46
Phase B Watts Summary
SMF {413 Battery Charger 3114/01) "a
Phaze B Watts. Mar 14 2001 05:00:00
A 00k
SOk -

=50k -
- 100k + + + +
1335 Mar g, 2001 1162 daysidiv. 0200 hdar 14, 2001
Min.  -649.4W Mar 09 2001 08:25:46
Avg.  3.180kW
Max. 17.39kW Mar 09 2001 22:35:46
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Phase C Watts Summary

SMF {A13 Battery Charger 3/14/01) (@

Phaze Ciy\atts, Mar 14 2001 09:00:00
A 00k

SOk -

=50k -
- 100k - ' . :
1335 Mar g, 2001 1162 daysidiv. 02:00 hdar 14, 2001
Min.  -1.581kW Mar 13 2001 12:45:46
Avg.  2.970kW
Max.  14.04kW Mar 09 2001 22:35:46
Total Watts Summary
SMF {413 Battery Charger 3114/01) (@
Total Wyastts. Mar 14 2001 09:00:00
200k
A 50k -

S L N . DO .1 W O T WY

- 150K -
-300kin ' . ' :
13:35 Mar 03, 2001 1162 days/div. 08:00 Mar 14, 2001
Min. 805.2W Mar 13 2001 08:35:46
Avg.  8.407kwW
Max.  35.16kW Mar 09 2001 22:35:46

Preparation Date: March 19, 2001 30



Demand Power Summaries for SMF A13 Battery Charger

Phase A Demand Summary

SMF {413 Battery Charger 3114/01) "a
Phaze A Demand. bar 14 2001 09:00:00 344 kAH
A 00k
TSk -
S0k |-
25k -
fi
Ll g JA .
1335 Mar g, 2001 1162 daysidiv. 02:00 hdar 14, 2001
Min. 82.57wW Mar 09 2001 11:15:46
Avg. 2.440kW
Max. 10.96kW  Mar 09 2001 22:35:46

Phase B Demand Summary

SMF {413 Battery Charger 3114/01) "a
Phasze B Demand. Mar 14 2001 09:00:00 445 HH
A 00k
TSk -
S0k |-
25k -
LT LT
AL 1A S i
1335 Mar g, 2001 1162 daysidiv. 02:00 hdar 14, 2001
Min. 531.5W Mar 12 2001 06:00:46
Avg. 3.180kW
Max. 12.06kW  Mar 09 2001 22:35:46

Preparation Date: March 19, 2001 31



Phase C Demand Summary

SMF {A13 Battery Charger 3/14/01)

Phasze C Demand. Mar 14 2001 09:00:00 4139 kH
A 00k

TEk -

S0k -

25k -

A13:25 Mar0Z, 2001 1AG2 daysidiv.

Min. 505.9W  Mar 14 2001 08:30:46
Avg. 2.970kW
Max. 11.66kW  Mar 09 2001 22:35:46

Tota Demand Summary

SMF {A13 Battery Charger 3/14/01)

Taotal Demand. Mar 14 2001 08:00:00 1 21k KWH
200k

08:00 har 14, 2001

225k -

S0k -

TEk -

1335 Mar g, 2001 1.162 dadiv. DQ:EIEI hdar 14, 2EIEI1
Min. 1.258kW  Mar 14 2001 08:30:46
Avg. 8.591kW
Max. 34.69kW  Mar 09 2001 22:35:46

Preparation Date: March 19, 2001




Power Factor Summaries for SMF Al3 Battery Charger

Phase A Power Factor Summary

SMF (413 Battery Charger 3/14/01) "a
i Phaze & True Power Factor. Mar 14 2001 09:00:00
0 Lag; :

|

[ M
|
[ | ¥ WA

1335 Mar0F, 2001 1162 daysidiv. 0900 hdar 14, 2004
Min. 0.000 Lead Mar 09 2001 19:55:46
Avg. 0.508 Lead
Max. 0.000 Lag Mar 10 2001 12:05:46

Phase B Power Factor Summary

SMF (413 Battery Charger 3/14/01) "a
S Phase B True Powver Factor. Mar 14 2001 09:00:00 >
1 T ] H ‘
0 Lead! | F‘ LA | A L |r L
13535 Mar0g, 2004 1.162 daysidiv. 09:00 hdar 14, 2001
Min. 0.000 Lead Mar 12 2001 18:35:46
Avg. 0.694 Lead
Max. 0.000 Lag Mar 10 2001 17:55:46

Preparation Date: March 19, 2001 33



Phase C Power Factor Summary

|

SMF (A 13 Battery Charger 3/14/01)
Phasze C True Poweer Factor. Mar 14 2001 08:00:00

LI

0 Lead . 1 . =
12335 Mar 03, 2001 1162 daysidiv. 02:00 hdar 14, 2001
Min. 0.000 Lead Mar 13 2001 08:05:46
Avg. 0.676 Lag
Max. 0.000 Lag Mar 12 2001 20:55:46
Total Power Factor Summary
SMF (A 13 Battery Charger 3/14/01)
o Total True Powwer Factor. Mar 14 2001 09:00:00
oaf
A
W U . Iy ) ; l )
! 1335 Mar g, 2001 1162 daysidiv. 02:00 hdar 14, 2001
Min. 0.970 Mar 10 2001 06:25:46
Avg. 0.580
Max. 0.264 Mar 12 2001 08:55:46

Preparation Date: March 19, 2001




Power Analysis A4 1IEMCCG2 Al13 Total
Panel Load - ETEC Charger - 12 Hour
Monitoring

Introduction

Thisisasummary of the power conditions at the SMF site, as recorded at |ocation Panel
1EMCCG2 Gate A13. Data at this location was collected from 03/14/01 09:46:03
through 03/14/01 21:46:03.

This summary is composed of:

- Theinitia conditions section, which defines the baseline power conditions at the
above location.
The Events section, which isa summary of the voltage events that occurred at this
location during the monitoring interval. Events are defined as changes in the
monitored voltage. These changes may be subtle or severe. The power tolerance
curve provides a graphical representation of the likelihood of an event being capable
of disrupting equipment operations.
The Voltage Current and Frequency (VIF) section, which contains summaries for
each of these parameters during the monitor interval.
The Harmonics section, which contains the voltage and current harmonics, and
harmonic distortion summaries acquired during the monitor interval.
The Power section. This containsthe VA, VARS, Waitts, and Power factor acquired
during the monitor interval. For multiphase locations, voltage and current imbalance
are also included.

Site and Location Information
Site Information

Name SMF

Account Number Southwest A13

Date and Time 08/30/00 10:40:53
Location Information

Name 1EMCCG2 A13 Panel Total
Power Type Three phase wye

Feed Phase 277/480V

Date and Time 03/20/01 10:18:09

Nominal Freguency 60 Hz

Preparation Date: February 11, 2002



Report Parameters

This report was prepared on 03/20/01 by Power Quality of SMUD. The following limits
were used in analyzing the results.

Maximum Phase Voltage. 205V
Minimum Phase Voltage. 260 V
Maximum Neutral Voltage. 2V

Maximum Impulse Voltage. 330V

Maximum. Waveshape V oltage. 10V
Maximum Fregquency Deviation. 0.02 Hz

Minimum Power Factor. 0.8
Maximum Voltage T.H.D. 5%
Maximum Current T.H.D 200 %
Maximum Voltage Imbalance. 2%
Maximum Current Imbalance. 20 %

Any values outside these limits are noted in the report. Vaues within the limits are
considered to be within a safe operating range.

Preparation Date: February 11, 2002



Initial Conditions

A summary of all the electrical parameters at this location is presented in the tables and
graphs below. Parameters marked with an “*’ lie outside the limits defined above.

Initial Power measurements for SMF MCC 1IEMCCG?2 A13 Panel Total, 03/20/01 at 10:18:09

Measurement Phase A PhaseB PhaseC Neutral Ground
True RMS. Voltage 273.2V 275.6V 275.0vV 83.02mV
Max. Peak to Peak Voltage 778.1V 782.6V 782.5V

True RMS. Current 34.18A 36.81A 35.51A 942.1mA 63.85mA
Max. Peak to Peak Current 97.41A 100.7A 100.1A

Fundamental RMS. Voltage 273.2V 275.5V 275.0v

Voltage Angle 0° 240.1° 119.9°

Fundamental RMS. Current 34.14A 36.92A 35.45A

Current Angle 346.4° 226.2° 102.7°

Fundamental Impedance 8.002 Ohms 7.463 Ohms 7.757 Ohms
Impedance Angle 13.50° 13.92° 17.16°

Voltage Imbalance 0.50%

Current Imbalance 3.99%

Total Voltage Harmonics 0.966% 0.862% 0.886% 93.60%
Total Current Harmonics 5.397% 4.192% 4.417% 585.8%
True VA 9.305k 10.14k 9.770k 0.070
True VARS. 1.910k 2.116k 2.791k 0

True Watts 9.107k 9.917k 9.363k -0.070
Distortion 37.65 41.47 47.13 -0.071
True Power Factor 0.978 0.978 0.958 1
Fundamental VA 9.327k 10.17k 9.750k 0.000
Fundamental VARS. 2.178k 2.448k 2.876k -0
Fundamental Watts 9.069k 9.876k 9.316k 0.000
Fundamental Power Factor 0.972 0.970 0.955 -0.981

The Initial Conditions are within the limits defined above.

Preparation Date: February 11, 2002 3



The Voltage waveforms for SMF MCC 1IEMCCG2 A13 Panel Total are shown below:

SMF {(1EMCCG2 A13 Panel Total)

hih Phase & Yolage Waveform. har 14 2001 09 46:07

El‘u"

G000 -

[

13.333 millizecondsidiv. 273.25% RMS CF =1.42

(9

The Current waveforms for SMF MCC 1IEMCCG2 A13 Panel Tota are shown below:

SMF (TEMCCGZ A13 Panel Total)
oiE Phase & Current Waveform. Mar 14 2001 09:46:07
= T O U S
oaftlaf- i I . -
008 -
13.5333 millizecond=sidiv. 34 1864 RMS CF =1 44

(9
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The Voltage, Current and Impedance Phasors for SMF MCC 1IEMCCG2 A13 Panel Total
are shown below:

SMF (1EMCCG2 413 Panel Total) f:gil
Fundamertal Phazor Yectors, Mar 14 2001 09:45:07 3
2)
age age
Phaze ‘oltz Angle o Phaze Amps Angle C 4!3_
1= 273¥ (] 1-=8 3418 34E° Bl
2-=B 275 240°  qanoe = 2-=B 36.948 2268°  qane 0®
o= 278 1147 F-=C 3544 102" A = :
Imbalance = 0.509% B Imbalance = 3.993% B =
270° 270" I
it
I
Phaze A Impedance Phaze B Impedance Phaze C Impedance A+A
KL KL AL [ 1]
B+E
R +R -R +R -R +R e
L
He L He
Amplitude = 5.00 Ohms Amplitude = 7 46 Chims Amplitude = 7.75 Ohms
Angle13.5° Angle13.9° Angle1 ¥t
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Voltage Events

The following summarizes the results of the Power Quality monitoring survey from
03/14/01 09:46:03 through 03/14/01 21:46:03. It is intended to present an overview of the
power quality at SMF MCC 1IEMCCG2 A13 Panel Total. The table below isalisting of the

most significant events.

Event Description No.
Phase A Largest RMS. Event 0

Phase A Largest Waveshape Event  N/A
Phase A Longest Waveshape Event  N/A
Phase A Largest Impulse Event N/A
Phase A Longest Impulse Event N/A

Phase B Largest RMS. Event 1

Phase B Largest Waveshape Event  N/A
Phase B Longest Waveshape Event  N/A
Phase B Largest Impulse Event N/A
Phase B Longest Impulse Event N/A

Phase C Largest RMS. Event 2

Phase C Largest Waveshape Event  N/A
Phase C Longest Waveshape Event  N/A
Phase C Largest Impulse Event N/A
Phase C Longest Impulse Event N/A

Neutral Largest RMS. Event 3

Neutral Largest Waveshape Event  N/A
Neutral Longest Waveshape Event  N/A
Neutral Largest Impulse Event N/A
Neutral Longest Impulse Event N/A

Preparation Date: February 11, 2002

Amp.
281.6V

284.3V

283.5V

158.7mV

Duration
11.999 hr

11.999 hr

11.999 hr

11.999 hr

Date and Time
Mar 14 2001 09:46:06

Mar 14 2001 09:46:06

Mar 14 2001 09:46:06

Mar 14 2001 09:46:06



Power Tolerance Envelope

The power quality parameters are summarized in the Power Tolerance Envelope shown
below. Each dot on these graphs represents an event. The areas outside of these lines
depict events which are often associated with equipment malfunction. No significant

events were recorded during the monitoring period.

Phase A Event Tolerance Summary

SMF {1EMCCG2 413 Panel Total) (CBEMA)

J.'-'
Phaze A Event Tolerance Summary. March 14, 2001 . 1 events. | ’gﬂ]
200%
200%
100% -
0% ; . ; ; : ; ; :
A0 us A00us 1 ms833ms A= 1= 1 min 1 hr 1 day
Phase B Event Tolerance Summary
SMF (1EMCCG2 A13 Panel Total) (CBEMA) J-:gf]
Phaze B Event Tolerance Zummary. March 14, 2001, 1 events. 3, W
200%
200% -
100% -
0% ; . ; ; : ; ; :
A0 us A00us 1 ms833ms A= 1= 1 min 1 hr 1 day
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Phase C Event Tolerance Summary

SMF (1EMCCG2 413 Panel Total) (CBEMA) {4
Phase C Event Tolerance Summary. March 14, 2001 . 1 everts. 3
200% -
200%
100% *
0% . . . .
10 us 100us A ms833ms 1s 1= 1 min 1 hr 1 day
Neutral Event Tolerance Summary
SMF (1EMCCG2 413 Panel Total) (CBEMA) i ;.
Meutral Evert Tolerance Summary. March 14, 2001, 1 events., 3
200% -
200%
100%
0% . . . : . . n I —
10 us 100us 1 ms833ms 13 1= 1 min 1 hr 1 day
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Event History Graphs

A summary of events that occurred during the monitoring interval is shown in the event
history graphs below. These events are graphed by amplitude versus time of occurrence.
No significant events were recorded during the monitoring period.

Phase A Event History Summary

SMF {(1IEMCCG2 A13 Panel Total) o
Phaze & Event History Summary . March 14, 2001 . 1 events. :
200% -
200% -
100% -
k1
09:45 rdar 414, 2001 21:46 Mar 14, 2001
Phase B Event History Summary
SMF {(1IEMCCG2 A13 Panel Total) o
Phase B Event Hiztary Summary. karch 14, 2001 . 1 events. :
200% -
200%
100% -
k1
09:45 rdar 414, 2001 21:46 Mar 14, 2001
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Phase C Event History Summary

SMF {(1EMCCG2 A13 Panel Total)

Phase C Event Hiztary Summary. March 14, 2001, 1 events.

300% -

200%

100 %

k]
09:45 hdar 14, 2001

21:496 hlar 14, 2001

Neutral Event History Summary

SMF {(1EMCCG2 A13 Panel Total)

Meutral Evert History Summary. March 14, 2001 .1 events.

200% -

200%

100% -

%
09:45 hdar 14, 2001

2196 hlar 14, 2001

Preparation Date: February 11, 2002
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Impulses

Impulses are shown on the left side of the Power Tolerance Envelope. They are relatively
high frequency voltage excursions of short duration. When of significant magnitude and
duration, these disturbances can cause malfunction of sensitive electronic equipment and
damage both components and insulation. No significant impulses occurred during the
monitoring period.

Waveshape Faults

Waveshape faults are longer in duration than impulses and are shown in the middle of the
Power Tolerance Envelope. They are often sub-cycle distortions of the AC sinusoid.
However these distortions can last for afraction of the single cycle period or they can
continue for hundreds of milliseconds, hours or even days. All equipment which is not
supplied by an Uninterruptible Power Supply, or whose power supply doesn’t inherently
have sufficient “ride through” to withstand the disturbance will be disrupted. Frequently
these disturbances are associated with impulses. No significant Waveshape Faults
occurred during the monitoring period.

Voltage Swells and Sags

The utility strivesto keep RMS levels within a +5%, -5% range of the nominal voltage.
Swells are those RM S levels which rise above the +5% range. Sags are those RM S levels
which go below the -5% range. The duration is generally from afew cyclesto afew
seconds. No significant RMS events occurred during the monitoring period.

Preparation Date: February 11, 2002 11



Voltage, Current and Frequency Summaries

Voltage, Current and Frequency measurements for SMF MCC 1EMCCG2 A13 Panel

Total from 03/14/01 09:46:03 through 03/14/01 21:46:03.

RMS. Voltages
Phase A minimum
Phase A average

Phase A maximum

Phase B minimum
Phase B average
Phase B maximum

Phase C minimum
Phase C average
Phase C maximum

Neutral minimum
Neutral average
Neutral maximum

RMS. Currents
Phase A minimum
Phase A average
Phase A maximum

Phase B minimum
Phase B average
Phase B maximum

Phase C minimum
Phase C average
Phase C maximum

Neutral minimum
Neutral average
Neutral maximum

Ground minimum
Ground average
Ground maximum

Frequency
Phase A minimum
Phase A average
Phase A maximum

Phase B minimum
Phase B average
Phase B maximum

Phase C minimum
Phase C average
Phase C maximum

Value
270.2V
274.8V
281.6V

271.8V
277.3V
284.3V

272.8V
276.6V
283.5V

61.03mV
73.24mV
158.7mV

Value
2.746A
15.20A
152.1A

4.394A
19.32A
174.6A

5.493A
17.97A
153.0A

930.2mA
943.6mA
966.8mA

61.34mA
62.88mA
65.92mA

Value

59.96Hz
59.99Hz
60.04Hz

59.96Hz
59.99Hz
60.04Hz

59.96Hz
59.99Hz
60.04Hz

Preparation Date: February 11, 2002

Date and Time
Mar 14 2001 10:23:48

Mar 14 2001 12:26:48
Mar 14 2001 10:23:48

Mar 14 2001 12:27:33
Mar 14 2001 10:23:48

Mar 14 2001 12:27:33
Mar 14 2001 10:24:03

Mar 14 2001 15:00:18

Date and Time
Mar 14 2001 10:43:03

Mar 14 2001 11:52:03
Mar 14 2001 10:39:18

Mar 14 2001 15:00:18
Mar 14 2001 10:31:33

Mar 14 2001 15:00:18
Mar 14 2001 09:46:03

Mar 14 2001 11:23:18
Mar 14 2001 09:47:03

Mar 14 2001 09:52:48

Date and Time
Mar 14 2001 15:42:18

Mar 14 2001 14:00:03
Mar 14 2001 15:42:18

Mar 14 2001 14:00:03
Mar 14 2001 15:42:18

Mar 14 2001 14:00:03
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RMS Voltage Summaries for SMF MCC 1IEMCCG2 A13 Panel Total.

Phase A Voltage Summary
SMF (1IEMCCG2 A13 Panel Total) (‘@
Phaze & EMS Yolttage. Mar 14 2001 21:46:03

S00

375V

250 L

125\ |

o ' + ' '
09:45 har 14, 2004 2.4 hourstdiv, 21:496 Mar 14, 2001
Min. 270.2V Mar 14 2001 10:23:48
Avg. 274.8V
Max. 281.6V Mar 14 2001 12:26:48
Phase B Voltage Summary
SMF (1EMCCG2 A13 Panel Total) (‘Zﬂ
Phaze B EMS Valtage. Mar 14 2001 21:46:03

00

I

2500

125

oy ' + ' '
09:45 har 14, 2001 2.4 hoursfdiv. 21:468 Mar 14, 2001

Min. 271.8V Mar 14 2001 10:23:48
Avg. 277.3V

Max. 284.3V Mar 14 2001 12:27:33

Preparation Date: February 11, 2002
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Phase C Voltage Summary

SMF (1EMCCG2 A13 Panel Total) J'.;_ggl
Phase C EMZ Yoltage, Mar 14 2001 21;46:03 3

SO0

aFEV -

2500 -

126 -

o : ' ' '
09:45 rdar 14, 2001 2.4 hoursfdiv. 21:496 Mar 14, 2001

Min. 272.8V Mar 14 2001 10:23:48
Avg.  276.6V

Max. 283.5V Mar 14 2001 12:27:33

Neutral Voltage Summary

SMF (1EMCCG2 A13 Panel Total) J'.;_ggl
o Meutral BMS Yaoltage. Mar 14 2001 2146035 3
FAVE
L o
28V
oy , L , . .,
09:45 rdar 414, 2001 2.4 hoursfdiv. 21:496 Mar 14, 2001

Min.  61.03mV  Mar 14 2001 10:24:03

Avg.  73.24mV
Max. 158.7mV  Mar 14 2001 15:00:18

Preparation Date: February 11, 2002
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RMS. Current Summaries for SMF MCC 1EMCCG2 Al13 Panel Total.
Phase A Current Summary

SMF (1IEMCCGZ A13 Panel Total) “a
FPhaze & RMS Current. Mar 14 2001 21:46:035

20008

150A L

1008 H

S0
- | 11 ,
0245 Mar 14, 2001 2.4 hoursfdiv, 21:46 Mar 14, 2001

Min. 2.746A Mar 14 2001 10:43:03
Avg.  15.20A

Max. 152.1A Mar 14 2001 11:52:03

Phase B Current Summary

SMF {(1EMCCG2 413 Panel Total)
Phaze B EMS Current. Mar 14 2001 21:46:03

20008

1G04

1004 H

S0A

i
Ay

r ! .
09:45 har 14, 2001 2.4 hoursfdiv,

21:48 har 14, 2001

Min.  43%A  Mar 14 2001 10:39:18
Avg.  19.32A
Max. 1746A  Mar 14 2001 15:00:18

Preparation Date: February 11, 2002
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Phase C Current Summary

SMF (1EMCCGZ 413 Panel Total)
Phase C EMS Current. ar 14 2001 21;46:03

2004
1G04 -
1004
S04
i
! LIvinn LJ iy
B : : ;
0945 par 14, 2004 2.4 hoursfdiv, 2146 Mar 14, 2001
Min. 5.493A  Mar 14 2001 10:31:33
Avg.  17.97A

Max.  153.0A Mar 14 2001 15:00:18

Neutral Current Summary

SMF (1EMCCGZ 413 Panel Total)
Meutral EM= Current. Mar 14 2001 21;46:03

A

S04 -
204 -
108

0a . ; ; :
0945 par 14, 2004 2.4 hoursfdiv, 2146 Mar 14, 2001

Min.  9302mA  Mar 14 2001 09:46:03
Avg.  943.6mA
Max. 966.8mA  Mar 14 2001 11:23:18

Preparation Date: February 11, 2002
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Ground Current Summary

SMF (1EMCCGZ 413 Panel Total)
Ground RMS Current. Mar 14 2001 214603

a8

3.T5A

258

1258

0
09:45 hdar 14, 2001 2.4 haourstdiv.

21:96 hlar 14, 2001

Min.  61.34mA  Mar 14 2001 09:47:03

Avg.  62.88mA
Max. 6592mA  Mar 14 2001 09:52:48

Preparation Date: February 11, 2002
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Voltage and Current Distortion Summaries

Voltage and Current harmonic distortion measurements for SMF MCC 1EMCCG2 A13 Panel
Total from 03/14/01 09:46:03 through 03/14/01 21:46:03.

Voltage Distortion
Phase A minimum
Phase A average
Phase A maximum

Phase B minimum
Phase B average
Phase B maximum

Phase C minimum
Phase C average
Phase C maximum

Current Distortion

Phase A minimum
Phase A average
Phase A maximum

Phase B minimum
Phase B average
Phase B maximum

Phase C minimum
Phase C average
Phase C maximum

Value
0.8%
0.979%
1.21%

0.69%
0.844%
1.07%

0.7%
0.868%
1.09%

Value
8.75%
42.41%
122.2%

5.68%
20.86%
83.83%

6.19%
22.38%
84.89%

Preparation Date: February 11, 2002

Date and Time
Mar 14 2001 13:58:33

Mar 14 2001 21:15:18
Mar 14 2001 14:53:33

Mar 14 2001 16:14:33
Mar 14 2001 14:53:48

Mar 14 2001 17:13:18

Date and Time
Mar 14 2001 21:40:18

Mar 14 2001 15:57:48
Mar 14 2001 10:34:03

Mar 14 2001 15:57:48
Mar 14 2001 11:18:18

Mar 14 2001 15:56:03
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Voltage T.H.D. Summaries for SMF MCC 1EMCCG2 A13 Panel Total.

Phase A Voltage Distortion

SMF (1EMCCGZ A13 Panel Total) l-‘zd
o Phaze A Yoltage Harmonic Distortion. bar 14 2001 21:46:03
TE% -
5%+
2.5% -
M
% : ; ; ;
0946 har 14, 20041 2.4 hoursidiv, 2946 Mar 14, 2001
Min. 0.8% Mar 14 2001 13:58:33
Avg.  0.979%
Max. 1.21% Mar 14 2001 21:15:18
Phase B Voltage Distortion
SMF (1EMCCG2 A13 Panel Total) ':-?ﬂ
o Phaze B Voltage Harmonic Distartion. Mar 14 2001 21:46:03
TEWE
5%
2.5%
W
%09:46 hdar 14, 2IIIII:I1 I2.4 haursidi, I 21:46 hdar 14, 2001
Min. 0.69% Mar 14 2001 14:53:33
Avg.  0.844%
Max. 1.07% Mar 14 2001 16:14:33

Preparation Date: February 11, 2002
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Phase C Voltage Distortion

SMF (1EMCCG2 A13 Panel Total)
Phaze C Voltage Harmonic Distortion. Mar 14 2001 214603

0%
TONEF
S% -
28% -
W
4, } ! ! !
09:45 hdar 14, 2001 2.4 haourstdiv. 21:96 hlar 14, 2001
Min.  0.7% Mar 14 2001 14:53:48
Avg.  0.868%
Max. 1.09% Mar 14 2001 17:13:18

Preparation Date: February 11, 2002

20



Current T.H.D. Summaries for SMF MCC 1EMCCG2 A13 Panel Total.
Phase A Current Distortion

SMF {(1EMCCG2 413 Panel Total) “a

i Phaze & Current Harmonic Distortion. bar 14 2001 21: 46803
150%
100% [

A0% -

% . . . .
0945 hdar 14, 2001 2.4 hoursidiv, 2946 Mar 14, 2001
Min. 8.75% Mar 14 2001 21:40:18

Avg.  42.41%
Max. 1222%  Mar 14 2001 15:57:48

Phase B Current Distortion

SMF {(1EMCCG2 413 Panel Total) “a

i Phaze B Current Harmonic Distortion. Mar 14 2001 21:46:03
180% [
100%

S0% -

% . I . .
0945 hdar 14, 2001 2.4 hoursidiv, 2946 Mar 14, 2001
Min. 5.68% Mar 14 2001 10:34:03

Avg.  20.86%
Max. 83.83%  Mar 14 2001 15:57:48

Preparation Date: February 11, 2002



Phase C Current Distortion

SMF (1EMCCGZ 413 Panel Total)
Phaze C Currert Harmonic Distortion. har 14 2001 21.46:03

200%

150%

100% -

S0% -

o . ;
09:45 hdar 14, 2001 2.4 haourstdiv. 21:96 hlar 14, 2001

Min.  6.19% Mar 14 2001 11:18:18

Avg.  22.38%
Max. 84.89%  Mar 14 2001 15:56:03

Preparation Date: February 11, 2002
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Power Summaries

Power measurements for SMF MCC 1IEMCCG2 A13 Pand Total from 03/14/01
09:46:03 through 03/14/01 21:46:03.

Imbalance Value Date and Time
Minimum Voltage Imbalance 0.42% Mar 14 2001 13:08:03
Average Voltage Imbalance 0.529%

Maximum V oltage Imbalance 0.67% Mar 14 2001 19:22:18
Minimum Current Imbalance 2.47% Mar 14 2001 09:55:18
Average Current Imbalance 23.13%

Maximum Current Imbalance 57.52% Mar 14 2001 10:59:18
VA Power Value Date and Time
Phase A minimum 773.5VA Mar 14 2001 10:43:03
Phase A average 4.228kVA

Phase A maximum 41.96kVA Mar 14 2001 11:52:03
Phase B minimum 1.238kVA Mar 14 2001 10:39:48
Phase B average 5.410kVA

Phase B maximum 48.55kVA Mar 14 2001 15:00:18
Phase C minimum 1.518kVA Mar 14 2001 10:55:03
Phase C average 5.022kVA

Phase C maximum 42.44kV A Mar 14 2001 15:00:18
Tota minimum 4.327kVA Mar 14 2001 11:45:03
Total average 14.66kVA

Total maximum 35.26kVA Mar 14 2001 16:43:03
VARS Power Value Date and Time
Phase A minimum -36.00kVAR Mar 14 2001 11:52:03
Phase A average 1.136kVAR

Phase A maximum 20.06kVAR Mar 14 2001 14:08:48
Phase B minimum -36.80kVAR Mar 14 2001 17:19:18
Phase B average 1.764kVAR

Phase B maximum 37.53kVAR Mar 14 2001 11:52:03
Phase C minimum -14.42kVAR Mar 14 2001 14:08:48
Phase C average 2.496kVAR

Phase C maximum 39.64kVAR Mar 14 2001 17:19:18
Tota minimum 2.895kVAR Mar 14 2001 18:48:18
Total average 5.397kVAR

Tota maximum 9.849%kVAR Mar 14 2001 16:15:48

Preparation Date: February 11, 2002



Watts Power
Phase A minimum
Phase A average
Phase A maximum

Phase B minimum
Phase B average
Phase B maximum

Phase C minimum
Phase C average
Phase C maximum

Total minimum
Total average
Total maximum

Demand Power
Phase A minimum
Phase A average

Phase A maximum

Phase B minimum
Phase B average
Phase B maximum

Phase C minimum
Phase C average
Phase C maximum

Total minimum
Total average
Total maximum

Power Factor
Phase A minimum
Phase A average
Phase A maximum

Phase B minimum
Phase B average
Phase B maximum

Phase C minimum
Phase C average
Phase C maximum

Total minimum
Total average
Total maximum

Value
-430.4W
3.846kW
25.18kW

11.11W
5.035kW
33.05kw

-1.024kW
4.036kW
24.39kwW

2.136kwW
12.91kW
33.68kwW

Value
589.5W
3.846kW
10.22kW

1.689kW
5.033kW
11.61kW

811.3W
4.035kW
10.70kW

3.155kw
12.91kW
32.53kwW

Value
0.002 Lead
0.846 Lag
0.000 Lag

0.364 Lead
0.888 Lag
0.003 Lag

0.486 Lead
0.646 Lag
0.000 Lag

0.963
0.783
0.490

Preparation Date: February 11, 2002

Date and Time
Mar 14 2001 14:19:48

Mar 14 2001 09:52:18
Mar 14 2001 21:19:18

Mar 14 2001 15:00:18
Mar 14 2001 09:57:33

Mar 14 2001 09:52:18
Mar 14 2001 11:45:03

Mar 14 2001 16:43:03

Date and Time
Mar 14 2001 11:46:03

Mar 14 2001 16:26:03
Mar 14 2001 18:31:03

Mar 14 2001 16:36:03
Mar 14 2001 18:31:03

Mar 14 2001 16:36:03
Mar 14 2001 18:31:03

Mar 14 2001 16:36:03

Date and Time
Mar 14 2001 14:43:48

Mar 14 2001 11:19:48
Mar 14 2001 11:02:33

Mar 14 2001 21:19:18
Mar 14 2001 14:08:48

Mar 14 2001 10:33:48
Mar 14 2001 10:34:48

Mar 14 2001 11:45:48
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Voltage and Current Imbalance Summaries for SMF MCC 1EMCCG2 A13 Panel
Total

Voltage Imbalance

SMF (1IEMCCG2 A13 Panel Total) (T@
i Tatal Yoltage Imbalance. Mar 14 2001 21:468:03
22 A%
15% [
T A%
P ; ' ; :

0945 har 1, 2001 2.4 hoursidiv, 21:46 Mar 1, 2001
Minimum Voltage Imbalance 0.42% Mar 14 2001 13:08:03
Average Voltage Imbalance 0.529%

Maximum V oltage Imbalance 0.67% Mar 14 2001 19:22:18
Current Imbalance
SMF (1IEMCCG2 A13 Panel Total) lﬂ@
Tatal Current Imbalance. Mar 14 2001 21:46:03

A00%

FEY |-

501% |- H ” r “

5% |

oy . , . ,

0945 har 1, 2001 2.4 hoursidiv, 21:46 Mar 14, 2001

Minimum Current Imbalance 2.47% Mar 14 2001 09:55:18

Preparation Date: February 11, 2002 25



Average Current Imbalance 23.13%
Maximum Current Imbalance 57.52%

Preparation Date: February 11, 2002

Mar 14 2001 10:59:18
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VA Power Summaries for SMF MCC 1EMCCG2 A13 Panel Total.

Phase A VA Summary

SMF (1EMCCG2 A13 Panel Total)
Phaze & %A har 14 2001 21:46:03
A0k

TEKAL

Sk -

2EkAA

o LLLL , [
09:45 har 14, 2001 2.4 hourstdiv, 21:46 Mar 14, 2001

¥

Min.  7735VA  Mar 14 2001 10:43:03
Avg.  4.228kVA
Max. 41.96kVA Mar 14 2001 11:52:03

Phase B VA Summary

SMF (1IEMCCG2 A13 Panel Total)
Phase B VA, Mar 14 2001 21:46:03

00K A

Taku A -

SOkWA -

2EkA

O -
09465 har 14, 2001 2.4 hoursidiv,

21:48 har 14, 2001

Min.  1.238kVA Mar 14 2001 10:39:48
Avg.  5.410kVA
Max. 48.55kVA Mar 14 2001 15:00:18

Preparation Date: February 11, 2002
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Phase C VA Summary

SMF (1EMCCG2 A13 Panel Total)
Phaze C %A, har 14 2001 21:45:03

J00KN A

FOk A

SOk -

281008 H

(L -
09:45 kdar 14, 2004 2.4 hoursdiv. 21:45 ar 14, 2004

¥

Min.  1.518kVA Mar 14 2001 10:55:03

Avg.  5.022kVA
Max. 42.44kVA Mar 14 2001 15:00:18

Total VA Summary

SMF (1EMCCG2 A13 Panel Total)
Total 2. Mar 14 2001 21:45:03
S00KN A
Z20ENA
G0k A -
TENA -
09:45 hdar 14, 2001 2.4 haourstdiv. 21:96 hlar 14, 2001

¥

Min.  4.327kVA Mar 14 2001 11:45:03
Avg.  14.66kVA
Max. 35.26kVA Mar 14 2001 16:43:03

Preparation Date: February 11, 2002
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VARS Power Summaries for SMF MCC 1EMCCG2 Al13 Panel Total.

Phase A VARS Summary

SMF {1EMCCGZ A13 Panel Total)

Fhase & VAR, Mar 14 2001 21:46:03
100K AR

S0KVAR

AR

-S0KWAR

09:45 har 14, 2001 2.4 hoursfdiv, 21:48 har 14, 2001

- 100KV AR

¥

Min.  -36.00kVAR Mar 14 2001 11:52:03
Avg. 1.136kVAR
Max. 20.06kVAR Mar 14 2001 14:08:48

Phase B VARS Summary

SMF {1EMCCGZ A13 Panel Total)

Phase B VAR, Mar 14 2001 21:46:03
100K AR

SOKVAR -

AR

-G0KV AR

- 100k AR + +
09:45 har 14, 2001 2.4 hoursfdiv, 21:48 har 14, 2001

Min.  -36.80kVAR Mar 14 2001 17:19:18
Avg. 1.764kVAR
Max. 37.53kVAR Mar 14 2001 11:52:03

Preparation Date: February 11, 2002
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Phase C VARS Summary

SMF (1EMCCG2 A13 Panel Total) !'a
Phaze C WAR. Mar 14 2001 21:46:03

100K AR

A0KVAR

OuAR BT

-S0KVAR

- 100K AR 4
09:45 hdar 14, 2001 2.4 haourstdiv. 21:96 hlar 14, 2001

Min.  -14.42kVAR Mar 14 2001 14:08:48

Avg.  2.496kVAR
Max. 39.64kVAR Mar 14 2001 17:19:18

Tota VARS Summary

SMF (1EMCCG2 A13 Panel Total) !'a
Total WAR. Mar 14 2001 21:46:03

S00KVAR

150KVAR

- 150K AR

-200K AR 4 +
09:45 hdar 14, 2001 2.4 haourstdiv. 21:96 hlar 14, 2001

Min.  2.895kVAR Mar 14 2001 18:48:18
Avg.  5.397kVAR
Max. 9.849kVAR Mar 14 2001 16:15:48

Preparation Date: February 11, 2002 30



WATTS Power Summaries for SMF MCC 1EMCCG2 A13 Panel Total.
Phase A Watts Summary

SMF {(1EMCCG2 413 Panel Total) !‘a
Phaze & Watts, Mar 14 2001 21:46:03

00k

S0k -

-S0k -

=100k

09:45 har 14, 2001 2.4 hoursfdiv, 21:48 har 14, 2001

Min.  -4304W  Mar 14 2001 14:19:48
Avg.  3.846kW
Max. 25.18kW Mar 14 2001 09:52:18

Phase B Watts Summary
SMF {(1EMCCG2 413 Panel Total) !'a
Phaze B Watts. Mar 14 2001 21:46:03
100knE
S0k -

oy

-S0k -

=100k

09:45 har 14, 2001 2.4 hoursfdiv, 21:48 har 14, 2001

Min.  11.11W Mar 14 2001 21:19:18

Avg.  5.035kW
Max. 33.05kW  Mar 14 2001 15:00:18

Preparation Date: February 11, 2002



Phase C Watts Summary

SMF (1EMCCGZ 413 Panel Total) l.a
Phaze CWiatts, Mar 14 2001 214603
100k
sk |-
—a S | e WS R |
(uyi - el L B "
SO
-0k : : : :
09:<5 har 14, 2001 2.4 hourstdi, 24:496 dar 14, 2001
Min.  -1.024kwW  Mar 14 2001 09:57:33
Avg.  4.036kW
Max. 24.39kW  Mar 14 2001 09:52:18
Total Watts Summary
SMF (1EMCCGZ 413 Panel Total) l.a
Tatal Watts. Mar 14 2001 241:46:03
SO0k
150K |-
o i 1| I e ORI o
-A50MN; -
EO0AN : : : :
09:<5 har 14, 2001 2.4 hourstdi, 24:496 dar 14, 2001

Min.  2.136kW  Mar 14 2001 11:45:03
Avg.  12.91kW
Max. 33.68kW  Mar 14 2001 16:43:03

Preparation Date: February 11, 2002




Demand Power Summaries for SMF MCC 1EMCCG2 Al13 Panel Total.
Phase A Demand Summary

SMF {(1EMCCG2 413 Panel Total) “a
Phaze A Demand. Mar 14 2001 21:46:03 461 KWWH
400k
FEk -
S0k -
Z2Ekur -
’ m I'r‘
ol 1|l L_JIF.\ . . i L
0945 hdar 14, 2001 2.4 hoursidiv, 2146 Mar 14, 2001

Min. 5895W  Mar 14 2001 11:46:03
Avg.  3.846kW
Max. 1022kW  Mar 14 2001 16:26:03

Phase B Demand Summary

SMF {(1EMCCG2 413 Panel Total) “a
Phaze B Demand. Mar 14 2001 21:46:03 60 .4 KWWH
100kuE

Fakai -
SOk |-
2aka -

[ | .

" |
0945 hdar 14, 2001 2.4 hoursidiv, 2946 Mar 14, 2001

Min.  1.689kW  Mar 14 2001 18:31:03
Avg.  5.033kW
Max. 11.61kW  Mar 14 2001 16:36:03

Preparation Date: February 11, 2002 33



Phase C Demand Summary

SMF (1EMCCGZ 413 Panel Total) ‘“;‘d
Phase C Demand. har 14 2001 21:46:03 45.4 KWWH
100k
Tak -
SOk -
2akr -
ohn 4
0945 par 14, 2004 2.4 hoursfdiv, 2146 Mar 14, 2001
Min. 811.3W Mar 14 2001 18:31:03
Avg. 4.035kW
Max. 10.70kW Mar 14 2001 16:36:03
Tota Demand Summary
SMF (1EMCCGZ 413 Panel Total) ‘“;‘d
Total Demand. Mar 14 2001 21:46:03 154 KywH
SO0k
228k -
AS0k -
Fokr -
o] — - - == -
0945 par 14, 2004 2.4 hoursfdiv, 2146 Mar 14, 2001

Min.  3.155kW  Mar 14 2001 18:31:03
Avg.  12.91kW
Max. 3253kW  Mar 14 2001 16:36:03

Preparation Date: February 11, 2002



Power Factor Summaries for SMF MCC 1EMCCG2 A13 Panel Total.
Phase A Power Factor Summary

SMF {1EMCCGZ A13 Panel Total)

Phaze & True Powwer Factor. Mar 14 2001 21:46:03

O Lag

=

O Lead z +
09:45 har 14, 2001

2.4 hoursfdiv.

21:48 har 14, 2001

¥

Min.  0.002Lead Mar 14 2001 14:43:48

Avg.  0.846 Lag

Max. 0.000Lag Mar 142001 11:19:48
Phase B Power Factor Summary

SMF {1EMCCGZ A13 Panel Total)

Phaze B True Power Factor. Mar 14 2001 21:46:03

O Lag

O Lead

09:45 har 14, 2001

2.4 hoursfdiv.

21:48 har 14, 2001

Min.  0.364 Lead Mar 14 2001 11:02:33

Avg.  0.888 Lag

Max. 0.003Lag Mar 142001 21:19:18

Preparation Date: February 11, 2002




Phase C Power Factor Summary

SMF (1EMCCGZ 413 Panel Total)
o Phase C True Powver Factor. Mar 14 2001 21;46:03
ag
1 T I
0O Lead d 4 4 4
0945 par 14, 2004 2.4 hoursfdiv, 2146 Mar 14, 2001

Min.  0.486Lead Mar 14 2001 14:08:48

Avg. 0.646 Lag

Max. 0.000Lag Mar 142001 10:33:48
Total Power Factor Summary

SMF (1EMCCG2 A13 Panel Total)

Total True Povver Factor, Mar 14 2001 21:46:03

05+

/
! 0945 har 14, EI:IIEI'1 I2.-4- hoursfdiv. I 2'1:46 hdar 14, 2001

Min.  0.963 Mar 14 2001 10:34:48

Avg.  0.783

Max. 0.490 Mar 14 2001 11:45:48

Preparation Date: February 11, 2002




