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Balancing Authority ACE Limit
Proof-of-Concept Field Trial

Eastern Interconnection Field Trial Participation

Participation reflects approximately 67% of the projected 2010 peak load for the Eastern Interconnection

Eastern Interconnection Balancing Authority Participants 2010 Frequency| Region | Reliability Start Date
Bias Coordinator

American Electric Power (CSWS) -103.4 SPP SPP September 1. 2003
Associated Electric Cooperative, Inc. (AECI) -45 SERC TVA April 1, 2010
Duke Energy Carolinas (DUK) -196 SERC VACS April 1, 2009
East Kentucky Power Cooperative (EKPC) -42.73 SERC TVA July 6, 2005
Entergy (EES) -227.1 SERC ICTE July 6, 2003
EON-US (LGEE) -74 SERC TVA April 1, 2008
[ndependent Electricity System Operator (IESO) -245.8 NPCC [ESO March 1, 2008
Manitoba Hydro (MHEB) -43.3 MRO MISO July 6, 2005
Midwest Independent Transmission System Operator (MISO) -1033.6 HR;RRCPC’ MISO Jauary 6, 2009
PIM Interconnection (PIM) -1358 REC PIM August 1, 2003
Santee Cooper (SC) -61.52 SERC VACS March 1, 2006
Southern Company (SOCO) -443 SERC SOCO October 13, 2003
Tennessee Valley Authority (TVA) -317.6 SERC TVA October 1, 2003




Balancing Authority ACE Limit
Proof-of-Concept Field Trial

The Balancing Authority ACE Limit (BAAL) shall not be
exceeded for more than 30 consecutive clock-minutes”

Longest exceedance of the
Balancing Authority ACE Limit
since starting operation under| January 2011 Performance
the Field Trial under Field Trial MinCtLow = Count of

Max MinCtLow | Max MinCtHigh | Max MinCtLow|Max MinCtHigh| consecutive clock-
BAD1 26 16 8 5 minutes BAAL ,, was
BA02 17 17 7 5 exceeded
BAO3 19 19 10 11 MinCtHigh = Count of
BAO4 10 20 9 9 consecutive clock-
BAOS 16 22 9 7 minutes BAAL,,, was
BAOG 28 22 25 14 exceeded
BAOD7 15 23 5 5]
BAD3 20 24 7 9
BAO9 28 26 15 11
BA10 21 31 10 7
BA11 14 32 4 4
BA12 29 40 20 15
BA13 28 43 6 9

*BAAL being exceeded for more than 30 consecutive clock-minutes would be a violation under the proposed BAL-007 standard.



Frequency Statistics

Eastern Interconnection

Total Tatal
kinutes Total flinutes Total Total FTL Low
FTL_Loww at Minutes Total Fercentage FTL_Loww |FTL_High at Finutes Total Fercentage FTL_High and FTL_High | Total FTL_ Low
59.95 Hz FTL_ Low at FTL_Low Low During FTL_ Loww Pz BO.02 Hz FTL_High at| FTL_High High During FTL_High Mla Minutes at BO and FTL_High
Year | Month SF B0 Hz SF Minutes TEC Events Duration SF 50 Hz SF Minutes TEC Events Duration Hz SF Minutes

2005 7 28 30 S5 A45.25% 32 k=) [} ii=] il=] 0.00% 11 3 A5 74
2005 =] 47 91 138 34.06%% ==} 10 o 35 35 0.00%% 21 a 126 173
2005 9 32 39 71 45 07 % 33 =] [} 39 S 0.00% 21 i Fi=} 110
2005 10 42 45 a0 46,67 % 43 11 [} 33 33 0.00% 23 5 81 123
2005 11 B5 43 105 BO.19% 53 |5} [u} 35 35 0.00% 22 i Fi=} 143
2005 12 37 36 73 S50.65% 41 r [} 27 27 0.00% 19 3 =] 100
2006 1 42 33 Fi=] 56.00% 43 =} [u} 51 51 0.00% 27 L=} g4 136
2006 2 ]} 54 54 0.00% 39 |5} = 43 45 4. 44FE-02 24 4 107 109
2006 3 28 51 79 35.44% S0 4 17 37 54 31.45% 33 =} [=is] 133
2008 4 19 86 105 15.10% 53 E=) [u} =] =] 0.00% A5 =} 162 181
2006 =} 52 =1l 119 43 70% 54 =} [u} 72 72 0.00% 39 5 139 191
2006 B 45 34 7a 56.96% 41 5 [} 59 59 0.00% 24 1o 293 135
2006 i 31 40 1 45 66 354 =] o S0 a0 0.00%% 29 4 s0 121
20065 =} il=] 85 101 15.84% 49 =) [} =1=] 53 0.00% 25 =] 143 159
2006 =) 9 B0 7a 24 05% 39 =} [} 53 53 0.00% 33 4 113 132
2006 10 a3 42 95 55.79% 51 =] o 54 54 0.00%% 28 =] =] 1459
20065 11 (=1 35 a1 B1.54% 47 =) 1 35 37 2.70% 22 3 1 128
2006 12 34 ii=] 52 B5.35% 34 4 [} 54 54 0.00% 29 5 72 106
2007 1 59 29 55 B7 . 05% 44 i [u} 55 55 0.00% 31 i g4 143
2007 2 17 31 45 35.42% 33 3 [} 39 S 0.00% 21 4 Fin) 37
2007 3 75 83 158 A7 AT % =) 15 [u} =) Fi =) 0.00% 30 =} 161 236
2007 4 36 41 Fird 46 . 75% 45 =} [u} 55 58 0.00% 31 4 99 135
2007 a 70 46 116 B0.34% 54 L=} [} 95 95 0.00% 49 7 141 211
2007 S} B2 30 92 BY.39% A7 =} [u} 51 51 0.00% 25 rd 81 143
2007 7 47 =20 =T FO.15% 33 |5 [u} 39 EE 0.00% 20 4 59 106
2007 |5} 37 25 62 59.65% 31 =} 1 55 56 1.79E-02 32 5 g0 118
2007 =] 20 Fi=} 95 21.05% 41 =] o 27 27 0.00%% 16 a 102 122
2007 10 57 [=1=) 122 45,7 2% 73 =) 1 =15 57 1.75E-02 35 =} 121 179
2007 11 4 21 95 T7.89% &0 4 [} 34 34 0.00% 24 5 55 129
2007 12 37 22 539 B2.71% 38 =] o B1 B1 0.00%% 38 4 83 120
2003 1 u} 75 75 0.00% 34 =] [} 45 43 0.00% 24 4 123 123
2005 2 G 71 [5i=] 20.22% 46 =} [} a1 51 0.00% 24 =} 122 140
2005 3 37 BS 102 36.27% 55 =] o 40 40 0.00%% 34 2 105 142
2003 4 41 [=1=) 106 35.65% [=in] =) [} 59 59 0.00% 33 =] 124 165
2008 s} 657 39 106 B3.21% 63 4 [u} A0 A0 0.00% 20 L=} 79 146
2008 =3 40 21 51 B5. 57% 34 =} [u} 35 35 0.00% 19 =} =151 95
2003 7 42 17 59 F1.19% 29 r [} 17 17 0.00% 12 3 34 Fl=)
2008 [} 41 19 &0 BE.33% 35 E=) [u} 29 29 0.00% 17 =} A5 39
2008 =) 25 44 |=i=] 36.23% 39 4 [u} 55 55 0.00% 21 11 99 124
2008 jin] 35 33 |=}=] 51.47% 30 L=} [} 27 27 0.00% 19 3 B0 95
2008 11 13 g z2 59.09% 13 E=) [u} 13 13 0.00% =) 4 22 35
2003 12 il=] 34 S0 32.00% 35 4 [} 11 11 0.00% =] 3 45 51
2009 1 2 26 28 714AE-02 i1=] 4 [} = =] 0.00% =] 3 45 47
2005 2 u] 34 34 0.00%% 18 4 o 18 18 0.00%% 11 =) a2 52
2009 =} u} 41 41 0.00% 23 =) [} 25 25 0.00% 11 9 =13 =157
2009 4 [u]} 59 =] 0.00% 37 k=) [} 27 27 0.00% 20 3 =15} 56
2009 5 =] 35 435 15.60%% 31 4 o 27 27 0.00%% 15 =] B2 70
2009 =3 30 =23 =1=] 51.72% 28 =) [} 25 25 0.00% 1B 3 53 33
2009 7 14 22 36 35.89% 22 3 [} 20 20 0.00% i1=] 5 S0 54
2009 =} 16 10 Z6 51.54% 20 = [u} 13 13 0.00% 10 = 23 39
2009 9 11 22 33 33.33% 21 3 [} 20 =20 0.00% 14 4 42 53
2009 10 44 45 [=i=] A9, 44% 44 =} [u} 15 ii=] 0.00% 1o 3 B3 107
2009 11 30 19 49 B1.22% 33 3 [u} 34 34 0.00% 21 4 535 53
2009 12 11 23 34 32.35% 20 L=} [} 22 22 0.00% 15 3 45 56
2010 1 36 26 B2 55.06% 35 =} [u} 16 16 0.00% =) 3 42 =]
2010 2 23 16 39 55.97% 24 3 [} 25 25 0.00% 1B =2 42 =1
2010 3 3G | jini=] 34.86% 55 =} [} 40 A0 0.00% 22 =} 111 149
2010 4 B3 38 101 B2.35% B5 a o 54 54 0.00%% 34 =) 92 155
2010 =} 72 30 102 F0.59% [=in] =] [} 40 A0 0.00% 29 4 Fin) 142
2010 B 10 28 35 26.32% 27 2 [} 1 1 0.00% =) 2 35 45
2010 il =] 19 27 29.63% 17 4 o 30 30 0.00%% 13 a 49 57
2010 =} il=] 29 45 35.56% 24 4 [} 17 17 0.00% 11 3 A5 B2
2010 =) [u]} 56 =] 0.00% 31 4 [} 22 22 0.00% 11 4 Fis} =)
2010 10 1 |={u] 51 1.64E-02 40 =} [u} 19 19 0.00% 15 4 79 50
2010 11 u} 59 59 0.00% 44 3 =} 25 31 16.13% 20 3 [=1=) a0
2010 12 |5} 12 20 A0.00% 18 2 3 30 33 9.09E-02 20 L=} 42 53
2011 1 =} 30 35 14.29% 25 3 [u} =) =) 0.00% |5} 4 39 44

This chart is a summary of frequency-related statistics gathered since the start of the Field Trial. Of particular interest is the drop in operation outside of the FTL bounds, trending
lower in the latter part of 2008 with November 2008 having the least number of clock-minutes of operation outside the FTL bounds, followed by August 2009, over the dataset.
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Eastern Interconnection
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This chart is a summary of frequency-related statistics gathered since the start of the Field Trial. Of particular interest is the drop in operation outside of the F

lower in the latter part of 2008 with November 2008 having the least number of clock-minutes of operation outside the FTL bounds, followed by August 2009, over the dataset.

TL bounds, trending
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This chart is a summary of frequency-related statistics gathered since the start of the Field Trial. Of particular interest is the drop in operation outside of the FTL bounds, trending
lower in the latter part of 2008 with November 2008 having the least number of clock-minutes of operation outside the FTL bounds, followed by August 2009, over the dataset.
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%% This-chart-illustrates-the-monthly-totalminutes-of
FTL . Plus FTLy;y, being exceeded.

224

200 —

175 +— | |

150 4+ - —

125 +————— HHH—HHH— HHHH A HHH HH

100+ HHHFAHH HAH HRHAHHH AR A H EHE H A Al

Total Clock-Minutes

-]
m
]
]
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

m
[}
]
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

26 HHHHHHHHHRRHHHHHHHAHAHRARA HHAAAEAAAA RRHHRHAAHHAAARAA HHAARAAAAAAHARRA AP

o [2005] 2005 | 2007 2008 | 2009 [2010]

JRYMMZT 23456789 1MNMMNM21 2348667 8M0M21 234867 8910MM21 234567 39101M21 2345678 9101121
Month

**March 2007- change to
the new Daylight Saving
Time.

O Taotal Minutes at60Hz O Addition Minutes During Time-Errar Carrections




Date |Time| TimeZone | FregError | ActualFreqg | SchedFreq | MinCtL ow | MinCtHigh |ACPS1 |

011411
0140111
01401411
0101411
0101411
0101411
0101411
0101411
010111
010111
010111
010111
010111
01011
010111
011411
010111
010111
010111
010111
01011
010111
010111
01403411
0103411
01403411
0103411
01403411
0103411
0103411
01403411
01403411
01403411
011011
011011
011011
0110411
0110411
01410411
0121411
0121411
0121411
0121411
0121411
0121411
0143111
014311
0143111
013111
0143111
0143111
0143111
0143111
0143111

17:12 CET
17:13 CST
17:14 CST
1718 C5T
17168 CST
1717 CST
17:18 CST
1718 CET
17:42 CST
17:43 CST
17:44 CST
17:45 C5T
17468 C5T
1747 C5T
17:48 CET
17:49 CET
17:60 CST
17:61 C5T
1762 C5T
17:63 C5T
1784 CST
1755 CET
17:86 CET
720 EST
721 EST
722 EST
f23 EST
24 EST
f25 EST
726 EST
727 EST
728 EST
729 EST
11:09 EST
11:10 EST
1111 EST
1112 EST
1113 EST
11:14 EST
17:34 EST
17:35 EST
17:38 EST
1737 EST
17:38 EST
1739 BEST
17:48 CST
17:48 CST
17:60 CST
17:61 C5T
1752 C5T
1753 C5T
1784 CET
1755 CET
1756 CET

-0.0155
-0.0126
-0.0077
-0.0055
-0.0001
-0.0157
-0.0177
0.007
-0.002
-0.0044
0.0073
-0.0028
-0.0106
-0.0051
0.0067
0.0036
0.00589
0.0055
0.01m
0.004
-0.004
-0.0021
0.0059
0.01016
-0.021 42333
-0.027 46667
-0.033058333
-0.0299
0.02542
-0.01837 667
0.01637
-0.0221 1667
-0.01575333
0.01385
-0.01396552
-0.007733333
-0.01 156207
-0.01 158667
-0.0164
-0.04722414
-0.03787667
-0.03767667
0.03708
-0.03153104
002422667
-0.0102
-0.0178
00271
-0.0178
-0.0209
-0.0006
-0.0045
-0.0077
-0.009

55.9641
58 9674
58 89723
58.59705
58,9799
55,9643
589623
58.987
58.978
58 89756
58.895873
599772
55.59654
59,9749
559867
55,9656
58 95589
5895895
55.95M1
55.984
58.976
59,9779
55,9859
59 955954
589 57855
58 87253
59 96652
55,971
59.597458
59958162
59 95363
59 897788
59 59542
59.598615
539.5968603
598957
59.955844
59.98541
58 9536
58 95278
59 8965212
59 96232
59.96294
59.96847
29897577
58 9695
58 89622
58 89529
58 896522
55950
55.597594
5949755
5989723
59.971

59.95
5895
5898
55.98
559.98
59.98
59.98
59.98
5895
5895
58.98
59.98
59.98
59.98
59.98
59.98
5895
58.98
59.98
59.98
59.98
59.98
59.98
60
60
60
&0
g0
g0
&0
60
60
60
g0
g0
g0
g0
g0
g0
60
60
&0
g0
g0
&0
5895
5898
5898
5898
559.98
559.98
59.98
59.98
59.98

11
12
13
14
15
18
17
13
11
12
13
14
15
18
17
18
19
20
M
2
23
24
25
11
12
13
14
15
18
17
13
19
20
1
12
13
14
15
16
11
12
13
14
15
18
11
12
13
14
15
18
17
13
19
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-2534.79
218414
172827
-1818.63
-1099.61
-2256.585
-2430.25

H26.19

242031
-2741.54
-1321.71
27228
-3
2538745
144067
-1230.57
-1217.99
-10680.72
-1029.33
-18159.63
-28558.10
-2566.63
-1434 .66

-651.04

1654 .50
-2183.12
320522
-3178.00
24227
STF12.62
-1451.86
1445 69

-8§32.20

-1740.02
-1761.24

-8758.69

-1321.56
S1222.83
-16686.25
362647
-2663.17
-2640.42
-2110.38
-2132.54
-1529.92
-1778.75
241413
-3052 .65
2842 2
275842
-1264.60
-1857 .34
-1802.20
-1707.43

All durations of the BAAL being
exceeded for more than 15 consecutive

clock-minutes noted on left.

Periods of the FTL being exceeded for
3 consecutive clock minutes or more:

|PreuailingTime

PTimeZone

1/17/11 959

1/17/11 10:00
1/17/11 10:01
1/23/11 16:56
1/23/11 16:57
1/23/11 1658
1/23/11 16:59

EST
E5T
EST
EST
EST
EST
EST

FreqgError
-0.0607

-0.0536
-0.0514
0.0&03
0.0&59
0.06549
0.0563

ActualFre
599393

599414
59.9456
a0.0603
al.0669
A0.06549
a0.0563

SchedFre
&)

1]
1]
al
Al
3]
al



Date

Timefone FreqEmon ActualFreq | SchedFreqg | MinCiLow | MinCiHigh | ACPS1

All durations of the BAAL being

Dates in this pfesentation:

Clock-minute Frequency greater than the FTLnigh on January 23,
2011, ending 16:59 EST: 4 consecutive clock-minutes.

Clock-minute ACE less than the BAALLowoON January 1, 2011, ending
18:19 EST: 18 consecutive clock-minutes during time-error correction.

Clock-minute ACE less than the BAALLowoON January 1, 2011, ending
1856 EST: 25 consecutive clock-minutes during time-error correction.

Clock-minute ACE less than the BAALLowoON January 3, 2011, ending
07:29 EST: 20 consecutive clock-minutes

Clock-minute ACE less than the BAALLowON January 31, 2011,
ending 18:56 EST: 19 consecutive clock-minutes during time-error
correction.

LInder the draft requirement, a proposed BAAL . violation would occur when the ACE is lower than
BAAL_y, for more than 30 consecutive clock-minutes and a proposed BAAL,,, violation would occur
when the ACE is greater than BAALyiy, for more than 30 consecutive clock-minutes.

LInder prior work on draft BAL-008, a proposed FTL_ .. violation would occur when the Frequency is
lower than FTL_.. for more than 30 consecutive clock-minutes and a proposed FTLyiyn violation would
occur when the Frequency is greater than FTLpig, for more than 30 consecutive clock-minutes.
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01/23/2011 ending 16:59 EST

4-minute duration above FTL;y,

El Clock-Minute Average Frequency
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01/23/2011 ending 16:59 EST

4-minute duration above FTL;y,
ACPS81 Clock-Minute Averages
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01/23/2011 ending 16:59 EST

4-minute duration above FTL;y, _ ] ]
Consecutive Minutes Exceeding BAAL
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minutes would be a violation under the proposed standard.




01/01/2011 ending 18:19 EST

18-minute duration below BAAL
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01/01/2011 ending 18:19 EST

18-minute duration below BAAL
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ACPS1 One-Minute Averages
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01/01/2011 ending 18:19 EST

18-minute duration below BAAL

Low

Consecutive Minutes Exceeding BAAL BAAL Violation*
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BAAL shall not be exceeded for more
than 30 consecutive clock-minutes™
25

[u]
[

—_
(]

Consecutive Minutes E xceeding BAAL
o

I:I T T T T T T T T T T T T T

y 2R gy ® @ ® et B g ®

) *BAAL being exceeded for more than 30 consecutive clock-
DateTime {(GMT) minutes would be a violation under the proposed standard.




01/01/2011 ending 18:56 EST

25-minute duration below BAAL
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01/01/2011 ending 18:56 EST

25-minute duration below BAAL

Low

5000

ACP31 Clock-Minute Averages

4000

3000

2000

1000

BAAL -
-1000

ACPS1 CF (%)

-2000

-3000

-4000

-5000

Adjusted CPS1 of
individual BAs under the —
Field Trial

A ,23:«,1

DateTime (GMT)

q,|‘l.'23'-*'6 w,?ﬂ'-?f" a.||*.?3'-16 A4 e A4 3 a.||193'-"!"q' a.||1?3'-""'ﬁ 1|193'-Eq' :.||'l.’?.3"-°5'ﬁ ﬂ.I?Lm:'q' 1I1Cf-c"a 1|1':r-""|' «.I?ﬁjﬁ «.I?J'D'-T'



01/01/2011 ending 18:56 EST

25-minute duration below BAAL
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DateTime (GMT) minutes would be a violation under the proposed standard.




01/03/2011 ending 07:29 EST

20-minute duration below BAAL
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01/03/2011 ending 07:29 EST

20-minute duration below BAAL

Low

ACPS1 One-Minute Averages
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01/03/2011 ending 07:29 EST

20-minute duration below BAAL

Consecutive Minutes Exceeding BAAL
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. *BAAL being exceeded for more than 30 consecutive clock-
DateTime (GMT) minutes would be a violation under the proposed standard.




01/31/2011 ending 18:56 EST

19-minute duration below BAAL
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01/31/2011 ending 18:56 EST

19-minute duration below BAAL
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01/31/2011 ending 18:56 EST

19-minute duration below BAAL
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. *BAAL being exceeded for more than 30 consecutive clock-
DateTime (GMT) minutes would be a violation under the proposed standard.




Clock-minute of ACE

Balancing Authority ACE Limit
Proof-of-Concept Field Trial

Examples of circumstances when BAAL was
exceeded and actions taken if appropriate

Clock-minute of ACE

Total duration of
ACE exceeding

Event associated
with a DCS-

Event associated
with a resource loss
other than a DCS-

exceeding the BAAL |returning within the BAAL the BAAL Reportable Event? | Reportable Event? | Brief explanation of circumstances and notable actions
{mmjfddfyy hh:mm) {mmfdd/yy hh:mm) TimeZone {minutes) {0=Mo, 1=Yes) {0=Mo, 1=Yes) taken if applicable
Tirme error correction in effect. Low ACE due to low load
forecast and wind falling out. Interchange scheduled in at the
171711 1732 1/1/1117:57 C5T 025 0 0 top of the hour, Started a peaker at 15:54, but stopped it at
15:58 before synchronization and after the exceedance
ended.
BAAL Low event, The load forecast was missed, The
1/3/11 7110 1/3/11 7:30 EST 0:20 0 0 _ T
controller started several units to correct the situation,
BAAL-low event, Time error correction was pulling frequency
1/25/11 1:18 1/25/11 1:32 EST m14 1] 1] down, System Operator increased generation to return ACE
within limits,
1/25/11 23:44 1/25/11 23:55 EST m11 0 0 Load curve decreasing, units at equipment points




Balancing Authority ACE Limit
Proof-of-Concept Field Trial

Discussion

Bob Klueber
Balancing Authority Reliability-based Control Standard Drafting Team (BARCSDT)

bklueber@midwestiso.org



