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Presentation Outline

" Project Introduction

= RTCA application

= Area Angle application

= Voltage Corridor application

= Q&A
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Project Introduction
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Background

= Power system faced with increasing complexity
> Renewable resources
> Distributed generation
> Market driven power exchanges

* Phasor measurement offers
> Increased visibility
> Faster response
> More reliable state estimation

= EMS/SCADA and Conventional SE
> May fail to converge
> Slow response time

= New applications based on phasor measurement can help
address these problems
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Project Objective

= Develop Real Time Applications Using Phasor Data and Linear
State Estimator Technology

> Provide operators with actionable intelligence on
contingencies, voltage margins, & phase angle limits
= Applications include
> Real Time Contingency Analysis
> Area Angle Limit Monitoring
> \oltage Stability Monitoring

* Project sponsored by the US Department of Energy, Office of
Electric Power Systems
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Technical Merit

= Assess steady state conditions in real-time under current and
what-if conditions.

= Provide timely information about impending grid problems to
system operators.

= Allow operators to test switching and dispatch actions to
validate system security before taking those actions.

= Test ability to survive the next contingency (NERC N-1 criteria
requirement).

= Fast detection of line outages and stressed conditions.

= Fast determination of proximity of the system state to voltage
collapse conditions.

= Backup for EMS security violation and contingency assessment
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Project approach

* Implement 3 applications to monitor power system
= Test with simulated and recorded data

= Demonstrate at host utilities

Real-time Contingency
=| Analysis (RTCA) —
Data:
Phasor Concentration,
Data = Validation, Area angle stability O|:Jti_ratf[)_r
Stream Alignment — —| detection __| notification
PDC and LSE

Voltage corridor stability
detection
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Project data flow

Seclurit‘y
Monitoring Voltage
> Stability —
Data :
t
Acquisition, ap Ii::::::'mw
patatrompoc—>|  Validation —somst» €LSE L messurement sam ple
u Phasor Data from Pl::'l::-.::]ta and _| | Area Angle
Conditioning “|'| Monitor
system
= At measurement 5 Measuremen outout
—»  Timed interval > utpu
SpEEd (30/SEC): (e 1fps) Assessment |_
> Validation and

|
]
LSE Conditioning
> Area angle test T~
. User —No—{:j Normal State? H:“;;
> Voltage corridor Interface |
afe d b 1
Stablllty ) RTapp |database J
e o Security l
= At application

eRTCA
speed (1-10/sec): |
> RTCA including APt o
voltage stability
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Real-time Contingency Analysis (RTCA)

= Using real-time PMU data
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RTCA Operation

= Study What if Contingency Scenarios

= RTCA Engine
> Uses PMU and LSE data to initialize the system model and solve for contingencies

> Sequence through all contingencies in the list and solves using Power Flow Methods —

NR/ FDLF
> Applies RTCA solution to the voltage stability application

> Provides list of violations (voltage levels, power flow, voltage stability)
» Automatic operation or Manual Operation (Study Mode)

= Outputs
> Tabular lists including all affected components, severity
> One-line displays

> Alarms on application & sent to other systems BONNEVILLE
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RTCA development

= PMU observable is small subset of system
= Challenges:

> PMU data and LSE provide data for a portion of the system. The rest of the

system needs to be equivalenced/reduced or represented fully in the system.

> Rest of the system includes: a) Lower voltage levels not observed by
PMU/LSE b) Buses geographically adjacent and outside of the boundaries of
the system being considered
= How to account for unobservable part?

> Using base case for whole system

> Update case with latest measurements and topology information

BONNEVILLE
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Methodology

= Entire Network = G

_— - B — 1%‘\\\\
G —
\\\
Ps-inj e T N
S i
// LSE \ Ps-inj
\\ o
Ps-inj |
\\
— -

= |SE observable subnetwork =S

» Ps-inj = Power Injection at Boundary Buses

* Electric Power Group °
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Method 1

P & Q Injection = S
LoE | —| <= P &Q Injection
P & Q Injection

« External System is not considered
 Boundary buses are represented by constant Power
Injections
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Method 1Example - IEEE 39 Test System

IEEE 10-Generator 39-Bus New England Test System

S 37
=}
Bus 25 @ | ks § 1
Bus 30

Bus 26 Bus 28

e 7 PMU buses
e 7 LSE Derived buses
 Total 14 Buses in Bus 1

@ @ -
Bus 27 Bus 24 @

Subnetwork S sus 1t @
A
alb: Tate
7 A
— Bu522 ok
Bus 19
mpesUS 23
Bu {34 Bus 33 US 36
® PMU &
560 MW
' 508 MW 632 MW 75 Mvar
. LSE Derlved 650 MW 149 Mvar 70 Mvar

2 Mvar
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Steps

= Create/Setup the base case

1. Initialize the model with LSE solution results
(full system solution) for Voltage and Angle

2. Treat all buses within network S as swing

buses with Voltage and Angle as estimated —_—

by LSE y Bus27 Bus24

— Add swing generators, Change Bus Type Bus 1

3. Solve power flow to get P,Q injections at all

buses
4. Use P,Q injections as new bus injections -B_”Sé
5. Revert back all buses to load buses

Bus 19

— Remove swing generators, Change Bus Type .||6 'lus 2

6. Make sure there is at least 1 Swing bus in
the system™

7. Solve power flow

8. Save case as base case

* Electric Power Group e
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Results — Base Case Solution

Base Case Solution
Voltage Mag (pu) Voltage Mag (pu)

Bus No Reduced

2

3

4
14
15
16
17
18
19
21
23
24
26
27

* Electric Power Group e

1.059897162
1.056566851
1.0592
1.056149045
1.04090898
1.04854909
1.051766292
1.052347969
1.056021074
1.043568056
1.051332757
1.052601512
1.062324284
1.051759806

Full System

1.059875365
1.056547571
1.059186538
1.056139691
1.040893101
1.048530679
1.051745458
1.052327672
1.055994337
1.043552449
1.051323814
1.052584399
1.062293381
1.051733088

% Error

0.002056536
0.001824899
0.001270998
0.000885716
0.001525528
0.001755968
0.001980893
0.001928706
0.002531914
0.001495576
0.000850651
0.001625837
0.002909055
0.002540327

H W W N

14
15
16
16
16
16
17
17
23
26

© Electric Power Group 2018. All rights reserved

Power Flow (MW) Power Flow (MW)
From Bus To Bus Reduced

3

4
18
14
15
16
17
19
21
24
18
27
24
27

364.7000002
75.23039813
-34.06958144
-261.3162533
30.38219651
-289.7156875
204.1605379
-451.5297642
-329.7778375
-42.68949457
192.3313617
11.54644338
353.8000004
270.4000002

BONNEVILLE

Full System

364.7178982
75.24008624
-34.06158543
-261.3055234
30.388844
-289.7091189
204.1156302
-451.5075439
-329.7364886
-42.70155209
192.3233575
11.50966775
353.8122782
270.4370214

% Error

-0.004907355
-0.012876272
0.023475173
0.004106279
-0.021874761
0.002267317
0.022001116
0.004921368
0.01253999
-0.028236709
0.004161813
0.319519458
-0.003470163
-0.013689385
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Results — Contingency Line 14 -15

2

3

4
14
15
16
17
18
19
21
23
24
26
27

Bus Results

Contingency 2 Bus 14 - 15
Bus No Reduced System

Swing Bus = Bus 4

* Electric Power Group °

1.027010036
1.023789346
1.0592
1.062533496
0.953271098
0.971082324
0.98671413
0.999458311
0.978065487
0.965255079
0.970995841
0.974659765
0.996450441
0.985522236

Voltage Mag

(pu)

Full System
1.059447239
1.055846923
1.062935917
1.063305921
1.023334859
1.039761297
1.045953383
1.048486797
1.052769621
1.037382101
1.047904287

1.04459146
1.05959623
1.047546314

NZ=TL

% Error

-3.06171015
-3.036195531
-0.351471507
-0.072643758

-6.8466114
-6.605263381
-5.663660919
-4.676118641

-7.09596216
-6.952792206
-7.339262504
-6.694645504
-5.959419897
-5.920891182

0

Bus 2
—

Bus 18

»  Bus 3

Branch Results
Power Flow (MW)

From Bus To Bus Reduced System

2 3

3 4

3 18

4 14
14 15
15 16
16 17
16 19
16 21
16 24
17 18
17 27
23 24
26 27
0

_"?/us 26
Bus17 & Bus27 Bus24
/
Y & Busi
"
Busd5 /
s 14
e us 21
v
Bus 19
e

(&)

364.7
42.4831694
-1.422496109
-291.5935573
0
-319.9999999
172.3145521
-451.0390324
-329.6372206
-42.2613597
160.1732015
11.67372254
353.7999999
270.4

v’

ﬁbus 23

Full System

363.0725709
49.29227898
-9.746567777
-283.6447089
0

-320
173.3111191
-451.4075396
-329.6683994
-42.69355382
167.975956
5.094286941
353.8270726
276.9166377

% Error

0.44823796
-13.81374471
-85.40515859

2.802396143

-2.20319E-08
-0.575016243
-0.081635165
-0.009457649
-1.012317038
-4.645161549

129.1532195
-0.007651393
-2.353285022
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Contingency Results Comparisons

				Bus Results												Branch Results												Base Case Solution

				Contingency 2 Bus 14 - 15

		Bus No		Reduced System		Full System		% Error				From Bus		To Bus		Reduced System		Full System		% Error						Bus No		Reduced		Full System		% Error				From Bus		To Bus		Reduced		Full System		% Error

		2		1.0270100356		1.0594472393		-3.0617101504				2		3		364.7000000147		363.0725709286		0.4482379602						2		1.0598971621		1.0598753654		0.0020565357				2		3		364.700000154		364.7178981558		-0.004907355

		3		1.0237893461		1.0558469232		-3.0361955307				3		4		42.4831694016		49.292278983		-13.8137447118						3		1.0565668515		1.0565475705		0.0018248992				3		4		75.2303981252		75.2400862436		-0.0128762723

		4		1.0592		1.0629359169		-0.3514715069				3		18		-1.4224961095		-9.7465677769		-85.4051585946						4		1.0592		1.0591865378		0.0012709977				3		18		-34.0695814438		-34.0615854278		0.0234751728

		14		1.062533496		1.0633059214		-0.0726437575				4		14		-291.5935573006		-283.6447089178		2.8023961431						14		1.0561490449		1.0561396905		0.0008857158				4		14		-261.3162533024		-261.3055233685		0.004106279

		15		0.9532710975		1.0233348586		-6.8466113998				14		15		0		0								15		1.0409089799		1.0408931008		0.0015255284				14		15		30.3821965112		30.3888439983		-0.0218747614

		16		0.9710823244		1.0397612966		-6.6052633807				15		16		-319.9999999294		-319.9999999999		-0.000000022						16		1.0485490904		1.0485306785		0.0017559685				15		16		-289.7156875165		-289.7091188924		0.002267317

		17		0.9867141299		1.0459533829		-5.6636609194				16		17		172.3145520509		173.3111191368		-0.575016243						17		1.0517662918		1.0517454578		0.0019808935				16		17		204.1605379278		204.1156302114		0.0220011159

		18		0.9994583107		1.0484867973		-4.6761186407				16		19		-451.0390323569		-451.4075396484		-0.0816351654						18		1.0523479687		1.0523276724		0.0019287055				16		19		-451.5297642071		-451.50754386		0.0049213678

		19		0.9780654866		1.0527696205		-7.0959621602				16		21		-329.6372205555		-329.6683994366		-0.0094576493						19		1.0560210743		1.0559943374		0.0025319137				16		21		-329.7778375278		-329.7364886052		0.01253999

		21		0.9652550794		1.0373821012		-6.9527922065				16		24		-42.2613597027		-42.6935538224		-1.0123170384						21		1.0435680564		1.0435524492		0.0014955756				16		24		-42.689494574		-42.7015520869		-0.0282367086

		23		0.9709958407		1.0479042871		-7.3392625037				17		18		160.1732015086		167.975956029		-4.6451615487						23		1.0513327569		1.0513238138		0.0008506513				17		18		192.3313616731		192.323357535		0.0041618128

		24		0.9746597648		1.04459146		-6.6946455036				17		27		11.6737225371		5.094286941		129.1532195253						24		1.0526015125		1.0525843992		0.001625837				17		27		11.5464433823		11.5096677542		0.319519458

		26		0.9964504413		1.0595962298		-5.9594198973				23		24		353.799999937		353.8270726381		-0.0076513934						26		1.0623242839		1.0622933812		0.0029090551				23		24		353.800000354		353.8122782165		-0.0034701629

		27		0.9855222364		1.0475463138		-5.9208911824				26		27		270.3999999749		276.9166377353		-2.3532850224						27		1.0517598057		1.0517330882		0.002540327				26		27		270.4000002264		270.4370213923		-0.0136893853









Base_Case_Solution

				Base Case Bus Results

										Reduced System 																														Full System

		2		1		-364.7		13.5		0		0		1		1.0598971621		-6.1289236236		1		1		1.1		0.9								2		1		0		0		0		0		1		1.0598753654		-6.1284433913		1		1		1.1		0.9

		3		1		322		2.4		0		0		1		1.0565668515		-8.9469995019		1		1		1.1		0.9								3		1		322		2.4		0		0		1		1.0565475705		-8.9467794238		1		1		1.1		0.9

		4		3		500		184		0		100		1		1.0592		-9.7788		1		1		1.1		0.9								4		1		500		184		0		100		1		1.0591865378		-9.7787306646		1		1		1.1		0.9

		14		1		-292.2		-6.4		0		0		1		1.0561490449		-8.0334412983		1		1		1.1		0.9								14		1		0		0		0		0		1		1.0561396905		-8.0334195921		1		1		1.1		0.9

		15		1		320		153		0		0		1		1.0409089799		-8.3097755479		1		1		1.1		0.9								15		1		320		153		0		0		1		1.0408931008		-8.3098070094		1		1		1.1		0.9

		16		1		329.4		32.3		0		0		1		1.0485490904		-6.9052313802		1		1		1.1		0.9								16		1		329.4		32.3		0		0		1		1.0485306785		-6.9052355886		1		1		1.1		0.9

		17		1		0		0		0		0		1		1.0517662918		-7.8682739836		1		1		1.1		0.9								17		1		0		0		0		0		1		1.0517454578		-7.8680948591		1		1		1.1		0.9

		18		1		158		30		0		0		1		1.0523479687		-8.6928582546		1		1		1.1		0.9								18		1		158		30		0		0		1		1.0523276724		-8.692679607		1		1		1.1		0.9

		19		1		-454.5		-4.3		0		0		1		1.0560210743		-2.3320157759		1		1		1.1		0.9								19		1		0		0		0		0		1		1.0559943374		-2.3320127463		1		1		1.1		0.9

		21		1		-330.6		65.1		0		0		1		1.0435680564		-4.5461552699		1		1		1.1		0.9								21		1		274		115		0		0		1		1.0435524492		-4.5463863663		1		1		1.1		0.9

		23		1		-353.8		26.1		0		0		1		1.0513327569		-0.3535748608		1		1		1.1		0.9								23		1		247.5		84.6		0		0		1		1.0513238138		-0.353186754		1		1		1.1		0.9

		24		1		308.6		-92.2		0		0		1		1.0526015125		-6.7853526214		1		1		1.1		0.9								24		1		308.6		-92.2		0		0		1		1.0525843992		-6.7853191423		1		1		1.1		0.9

		26		1		-270.4		-41.7		0		0		1		1.0623242839		-5.9732017438		1		1		1.1		0.9								26		1		139		17		0		0		1		1.0622933812		-5.9722589754		1		1		1.1		0.9

		27		1		281		75.5		0		0		1		1.0517598057		-7.9722866803		1		1		1.1		0.9								27		1		281		75.5		0		0		1		1.0517330882		-7.9717568171		1		1		1.1		0.9

				Base Case Branch Results								Reduced System 																																Full System

		2		3		0.0013		0.0151		0.2572		0		0		1		0		0		1		0		0		364.700000154		-13.5000000114		-363.1608168385		2.5754648085						2		3		0.0013		0.0151		0.2572		0		0		1		0		0		1		0		0		364.7178981558		-13.5177783817		-363.178500848		2.5968469196

		3		4		0.0013		0.0213		0.2214		0		0		1		0		0		1		0		0		75.2303981252		-29.4571592073		-75.1610855		5.8155235728						3		4		0.0013		0.0213		0.2214		0		0		1		0		0		1		0		0		75.2400862436		-29.4857401357		-75.1707425395		5.8453804365

		3		18		0.0011		0.0133		0.2138		0		0		1		0		0		1		0		0		-34.0695814438		24.4816944126		34.0940856932		-47.9575144849						3		18		0.0011		0.0133		0.2138		0		0		1		0		0		1		0		0		-34.0615854278		24.4888932184		34.0860900575		-47.9638165048

		4		14		0.0008		0.0129		0.1382		0		0		1		0		0		1		0		0		-261.3162533024		37.5274630985		261.8178035712		-44.90009114						4		14		0.0008		0.0129		0.1382		0		0		1		0		0		1		0		0		-261.3055233685		37.4926415833		261.8070237934		-44.8657397597

		14		15		0.0018		0.0217		0.366		0		0		1		0		0		1		0		0		30.3821965112		51.3000911403		-30.2843127059		-90.360691752						14		15		0.0018		0.0217		0.366		0		0		1		0		0		1		0		0		30.3888439983		51.3310214674		-30.2908811737		-90.3897029175

		15		16		0.0009		0.0094		0.171		0		0		1		0		0		1		0		0		-289.7156875165		-62.6393083187		290.4365580234		51.5042059992						15		16		0.0009		0.0094		0.171		0		0		1		0		0		1		0		0		-289.7091188924		-62.6102971141		290.4299543098		51.4754410684

		16		17		0.0007		0.0089		0.1342		0		0		1		0		0		1		0		0		204.1605379278		-59.5878688061		-203.8778049431		48.3825876438						16		17		0.0007		0.0089		0.1342		0		0		1		0		0		1		0		0		204.1156302114		-59.5556086009		-203.8330253043		48.3492521673

		16		19		0.0016		0.0195		0.304		0		0		1		0		0		1		0		0		-451.5297642071		-1.762709084		454.5000004009		4.2999999905						16		19		0.0016		0.0195		0.304		0		0		1		0		0		1		0		0		-451.50754386		-1.719193689		454.477611052		4.2558700986

		16		21		0.0008		0.0135		0.2548		0		0		1		0		0		1		0		0		-329.7778375278		51.0926410297		330.6000003124		-65.1000000555						16		21		0.0008		0.0135		0.2548		0		0		1		0		0		1		0		0		-329.7364886052		51.0666746511		330.5584567682		-65.0764110184

		16		24		0.0003		0.0059		0.068		0		0		1		0		0		1		0		0		-42.689494574		-73.5462691253		42.7077642592		66.4003274615						16		24		0.0003		0.0059		0.068		0		0		1		0		0		1		0		0		-42.7015520869		-73.5673134348		42.7198332917		66.4218520935

		17		18		0.0007		0.0082		0.1319		0		0		1		0		0		1		0		0		192.3313616731		-29.7770104542		-192.094085882		17.9575144798						17		18		0.0007		0.0082		0.1319		0		0		1		0		0		1		0		0		192.323357535		-29.7828394528		-192.0860900857		17.9638165018

		17		27		0.0013		0.0173		0.3216		0		0		1		0		0		1		0		0		11.5464433823		-18.6055771858		-11.5448687691		-16.9490375712						17		27		0.0013		0.0173		0.3216		0		0		1		0		0		1		0		0		11.5096677542		-18.5664127143		-11.5081037653		-16.9867350329

		23		24		0.0022		0.035		0.361		0		0		1		0		0		1		0		0		353.800000354		-26.1000000227		-351.3077645917		25.7996726321						23		24		0.0022		0.035		0.361		0		0		1		0		0		1		0		0		353.8122782165		-26.0741590277		-351.3198333543		25.7781479245

		26		27		0.0014		0.0147		0.2396		0		0		1		0		0		1		0		0		270.4000002264		41.7000000119		-269.4551314838		-58.5509624585						26		27		0.0014		0.0147		0.2396		0		0		1		0		0		1		0		0		270.4370213923		41.6664540531		-269.4918962988		-58.513264975
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» Use the entire system G, keeping rest of the system outside of S also in the model
 However, only S is updated based on LSE results
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Results

Base Case Solution — 10 % Scaled Base Case

= Contingency 127-128

1.00
200
200
4.00
500
E.00
7.00
800
9.00
0.00
n.oa
12.00
13.00
14.00
15,00
16.00
17.00
13.00
20.00
2100
22.00
Z23.00
24.00
25.00
26.00
27.00
33.00
34.00
35.00
36.00
37.00
32.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
43.00
43.00
5100
52.00
53.00
54.00

Bus Fesults

Contingency line 127_128

Original 10 22 Scaled
Busz Mo, Wi [pu) WhA[pU] Error (3]

103
104
100
103
102
103
033
102
100
102
1m
100
100
100
103
103
106
038
100
0.3g
100
105
1m
102
100
0.sg
102
104
0.sg
100
102
102
105
102
103
104
100
10
102
103
038
100
105
103
100
100
1M

103
103
100
103
102
103
0.9
102
100
1.0z
100
100
1.00
039
103
103
106
0.98
1.00
0.37
0.99
105
100
102
0.99
0.97
102
104
0.97
100
102
102
105
102
103
104
o0
1.00
102
103
0.97
100
105
102
0339
0.99
1.00

-0.28
012
-0.76

om
-0.37
-0.18
-0.20

0.00
-0.34

0.oo
012
-0.18
013
-0.45
-0.27

0.0a
-0.50
-0.24

0.og
-0.22
-0.21
-0.07
-0.14
-0.37
-0.63
-0.78
-0.24

0.00
-0.09
-0.20
-0.38
-0.24

0.00
-0.32
-0.22

0.00
-0.56
-0.42
-0.31

0.00
-0.74
-0.45
-0.10
-0.35
-0.71
-0.64
-0.55

* Electric Power Group

Frarm
37.00
3.001.00
9.001.00
3,001.00
9.005.00
9,005.00
3.005.00
9.005.00
9,005.00
3.0086.00
9.00E.00
9,006.00
9.m2.00
3.Mm2.00
9.002.00
9.021.00
3.021.00
9.002.00
9.023.00
9.023.00
9.007.00
9,007.00
3.007.00
9.003.00
9,003.00
9.002.00
9.003.00
9.044.00
9.004.00
9.004.00
9,004.00
9.002.00
9.003.00
9,003.00
9.002.00
9.003.00
9.012.00
9.052.00
100
200
200
300
300
3.00
4.00
5.00
700

To

3,001.00
5.,005.00
5,008.00
3.012.00
3,051.00
5,052.00
9,053.00
5.054.00
5,055.00
9,007.00
5.003.00
5,003.00
9,002.00
5.002.00
9,021.00
9,023.00
5.022.00
9.024.00
9,025.00
5.026.00
3,071.00
5,072.00
5.003.00
9,031.00
5,032.00
9,033.00
5.044.00
5,004.00
3.041.00
5.042.00
5,043.00
9,034.00
5,035.00
9,036.00
9,037.00
5,038.00
9.,121.00
9,533.00
.00
.00
2.00
700
13.00
120.00
16.00
9.00
12.00

Branch Results
Original 1022 Scaled
Fawer[b Power[r Error [2]

73.63
36.20
26.43
16.39
36.04
30.24
27.92
-b0.00
-8.00
.47
2.39
8.3
£.52
£.52
7358
0.95
162
143
0.47
0.47
107
o7
727
196
147
2M
4.41
4.39
106
0.86
1E0
163
176
2058
197
2.74
3.84
130
402.08
15872
364,76
260.94
138.99
34.73
7inz2
19.22
180,15

87.65
39.89
29.05
18.70
39.67
3329
30.72
-56.00
-8.80
10.40
9.22
9.22
A
A
a.08
105
177
157
0.5z
052
114
117
798
215
161
2.21
4.84
482
1716
0.94
177
174
193
335
276
am
423
142
44143
176.90
396.33
285.79
15119
108.62
712.55
129.25
196.23

n.ov
013
R
0.06
n.ov
.12
.0z
n.an
0.aa
9.78
9.80
9.80
9.97
937
993
9.76
960
960
9.62
962
9.47
9.45
9.75
961
959
965
9.89
9.83
9.45
955
0.05
9.33
950
n.09
9.47
956
.12
R
a.81
.46
8.66
953
878
14.66

=i

8.93

Bus Fesults
Original Sysh 10 22 Scaled

Bz Mo Wi [pu)
103

.00
200
200
4.00
5.00
E.00
.00
g.00
9.00
.o
n.oa
1200
300
4.0
15.00
T6.00
7.
19.00
20.00
2100
22.00
23.00
24.00
25.00
26.00
27.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
5100
52.00
53.00
54.00

104
100
103
102
103
033
102
100
102
1m
100
100
100
103
103
106
038
100
0.3g
100
105
1m
102
100
0.sg
102
104
0.sg
100
102
102
105
102
103
104
100
1M
102
103
038
100
105
103
100
100
10

WP

103
103
100
103
102
103
099
102
100
102
100
100
.00
039
103
103
106
094
.00
0.s7
099
105
100
102
099
0.s7
102
104
0.s7
100
102
102
105
102
103
104
100
100
102
103
097
100
105
102
033
099
100

Basze Case Solution Comparizon
Branch Results

Erraor [*]
-0.28
012
015
0.0a
037
013
-0.20
n.oo
-0.34
0.00
012
013
-013
-0.45
-0.27
0.0a
-0.60
-0.28
0.00
022
-0
-0.07
014
-0.37
-0.63
-0.75
-0.29
n0.oo
-0.09
-0.20
-0.33
-0.35
n0.oo
-0.33
-0.23
n0.oo
-0.57
-0.42
-0.31
n0.oo
-0.75
-0.47
010
-0.36
072
-0.65
-0.56

Frarn
3r.00
5.001.00
9,001.00
3,001.00
3.005.00
9.005.00
9.005.00
3.005.00
9.005.00
9.006.00
3.006.00
9.006.00
3,012.00
5.M2.00
9.002.00
3,021.00
5.021.00
9.002.00
9.023.00
3.023.00
9.007.00
9.007.00
3.007.00
9.003.00
9.003.00
9.003.00
9.003.00
9.044.00
3.004.00
9.004.00
9.004.00
9.003.00
9.003.00
9.003.00
9.003.00
9.003.00
9,012.00
9.053.00
1.00
2.00
2.00
3.00
3.00
3.00
4.00
5.00
7.00

BONNEVILLE

FOWER ADMENISTRATION

To

3.001.00
3,005.00
9,006.00
3.02.00
3.051.00
9,052.00
3,053.00
3.054.00
9,055.00
3,007.00
3,003.00
9,003.00
3,002.00
3.002.00
3.021.00
3,023.00
3.022.00
9.024.00
3,025.00
3.026.00
3.071.00
9,072.00
3,003.00
3.031.00
9,032.00
3,033.00
9.044.00
9,004.00
3.041.00
9.042.00
9,043.00
3,034.00
9,035.00
9,036.00
3,037.00
9,038.00
912100
9,533.00
5.00
.00
2.00
700
19.00
150.00
16.00
9.00
12.00

Original 102 Scaled

Faer[ b Power[ b Error [52]

7963
36.20
26.43
16.99
36.04
an0.24
2792
-50.00
-8.00
9.47
833
839
£.52
E.52
735
0.95
162
143
0.47
0.47
o7
o7
727
196
147
20
4.41
4.39
106
0.86
160
163
176
305
197
274
384
130
402.07
15851
3651
26014
13913
32.90
712.55
19.33
180.43

g7.65
33.83
29.05
1870
3367
3329
w72
-56.00
-8.80
0.40
922
922
At
At
8.08
105
177
157
052
052
118
17
7.3
215
161
2.21
4.84
4.82
116
034
177
179
193
335
216
am
4.23
142
44143
7673
396.43
284.09
15118
05.97
71255
129.28
196.36

no?
10.19
9.9
0.06
n.oa
10.12
noz
]
.00
278
a.80
9.80
.97
337
953
276
360
960
262
a62
9.47
9.44
375
9.61
959
L
9.89
9.83
245
955
.05
932
450
.09
.47
956
10.12
316
479
1154
8.58
9.21
B.ER
4.07
0.oa
833
273

E 3008
results

M NewYork Power
& Authority



Sheet1

										Contingency line 127_128																								Base Case Solution Comparison

						Bus Results												Branch Results												Bus Results												Branch Results

						Original System		10 % Scaled										Original		10% Scaled										Original System		10 % Scaled										Original		10% Scaled

				Bus No.		VM (pu)		VM(pu)		Error (%)				From 		To		Power(MW)		Power(MW)		Error (%)						Bus No.		VM (pu)		VM(pu)		Error (%)				From 		To		Power(MW)		Power(MW)		Error (%)

				1.00		1.03		1.03		-0.28				37.00		9,001.00		79.63		87.65		10.07						1.00		1.03		1.03		-0.28				37.00		9,001.00		79.63		87.65		10.07

				2.00		1.04		1.03		-0.12				9,001.00		9,005.00		36.20		39.89		10.19						2.00		1.04		1.03		-0.12				9,001.00		9,005.00		36.20		39.89		10.19

				3.00		1.00		1.00		-0.16				9,001.00		9,006.00		26.43		29.05		9.91						3.00		1.00		1.00		-0.16				9,001.00		9,006.00		26.43		29.05		9.91

				4.00		1.03		1.03		0.01				9,001.00		9,012.00		16.99		18.70		10.06						4.00		1.03		1.03		0.00				9,001.00		9,012.00		16.99		18.70		10.06

				5.00		1.02		1.02		-0.37				9,005.00		9,051.00		36.04		39.67		10.07						5.00		1.02		1.02		-0.37				9,005.00		9,051.00		36.04		39.67		10.08

				6.00		1.03		1.03		-0.18				9,005.00		9,052.00		30.24		33.29		10.12						6.00		1.03		1.03		-0.18				9,005.00		9,052.00		30.24		33.29		10.12

				7.00		0.99		0.99		-0.20				9,005.00		9,053.00		27.92		30.72		10.02						7.00		0.99		0.99		-0.20				9,005.00		9,053.00		27.92		30.72		10.02

				8.00		1.02		1.02		0.00				9,005.00		9,054.00		-50.00		-55.00		10.00						8.00		1.02		1.02		0.00				9,005.00		9,054.00		-50.00		-55.00		10.00

				9.00		1.00		1.00		-0.34				9,005.00		9,055.00		-8.00		-8.80		10.00						9.00		1.00		1.00		-0.34				9,005.00		9,055.00		-8.00		-8.80		10.00

				10.00		1.02		1.02		0.00				9,006.00		9,007.00		9.47		10.40		9.78						10.00		1.02		1.02		0.00				9,006.00		9,007.00		9.47		10.40		9.78

				11.00		1.01		1.00		-0.12				9,006.00		9,003.00		8.39		9.22		9.80						11.00		1.01		1.00		-0.12				9,006.00		9,003.00		8.39		9.22		9.80

				12.00		1.00		1.00		-0.18				9,006.00		9,003.00		8.39		9.22		9.80						12.00		1.00		1.00		-0.18				9,006.00		9,003.00		8.39		9.22		9.80

				13.00		1.00		1.00		-0.13				9,012.00		9,002.00		6.52		7.17		9.97						13.00		1.00		1.00		-0.13				9,012.00		9,002.00		6.52		7.17		9.97

				14.00		1.00		0.99		-0.45				9,012.00		9,002.00		6.52		7.17		9.97						14.00		1.00		0.99		-0.45				9,012.00		9,002.00		6.52		7.17		9.97

				15.00		1.03		1.03		-0.27				9,002.00		9,021.00		7.35		8.08		9.93						15.00		1.03		1.03		-0.27				9,002.00		9,021.00		7.35		8.08		9.93

				16.00		1.03		1.03		-0.00				9,021.00		9,023.00		0.95		1.05		9.76						16.00		1.03		1.03		-0.00				9,021.00		9,023.00		0.95		1.05		9.76

				17.00		1.06		1.06		-0.50				9,021.00		9,022.00		1.62		1.77		9.60						17.00		1.06		1.06		-0.50				9,021.00		9,022.00		1.62		1.77		9.60

				19.00		0.98		0.98		-0.28				9,002.00		9,024.00		1.43		1.57		9.60						19.00		0.98		0.98		-0.28				9,002.00		9,024.00		1.43		1.57		9.60

				20.00		1.00		1.00		0.00				9,023.00		9,025.00		0.47		0.52		9.62						20.00		1.00		1.00		0.00				9,023.00		9,025.00		0.47		0.52		9.62

				21.00		0.98		0.97		-0.22				9,023.00		9,026.00		0.47		0.52		9.62						21.00		0.98		0.97		-0.22				9,023.00		9,026.00		0.47		0.52		9.62

				22.00		1.00		0.99		-0.21				9,007.00		9,071.00		1.07		1.18		9.47						22.00		1.00		0.99		-0.21				9,007.00		9,071.00		1.07		1.18		9.47

				23.00		1.05		1.05		-0.07				9,007.00		9,072.00		1.07		1.17		9.45						23.00		1.05		1.05		-0.07				9,007.00		9,072.00		1.07		1.17		9.44

				24.00		1.01		1.00		-0.14				9,007.00		9,003.00		7.27		7.98		9.75						24.00		1.01		1.00		-0.14				9,007.00		9,003.00		7.27		7.98		9.75

				25.00		1.02		1.02		-0.37				9,003.00		9,031.00		1.96		2.15		9.61						25.00		1.02		1.02		-0.37				9,003.00		9,031.00		1.96		2.15		9.61

				26.00		1.00		0.99		-0.63				9,003.00		9,032.00		1.47		1.61		9.59						26.00		1.00		0.99		-0.63				9,003.00		9,032.00		1.47		1.61		9.59

				27.00		0.98		0.97		-0.75				9,003.00		9,033.00		2.01		2.21		9.65						27.00		0.98		0.97		-0.75				9,003.00		9,033.00		2.01		2.21		9.65

				33.00		1.02		1.02		-0.28				9,003.00		9,044.00		4.41		4.84		9.89						33.00		1.02		1.02		-0.29				9,003.00		9,044.00		4.41		4.84		9.89

				34.00		1.04		1.04		0.00				9,044.00		9,004.00		4.39		4.82		9.83						34.00		1.04		1.04		-0.00				9,044.00		9,004.00		4.39		4.82		9.83

				35.00		0.98		0.97		-0.09				9,004.00		9,041.00		1.06		1.16		9.45						35.00		0.98		0.97		-0.09				9,004.00		9,041.00		1.06		1.16		9.45

				36.00		1.00		1.00		-0.20				9,004.00		9,042.00		0.86		0.94		9.55						36.00		1.00		1.00		-0.20				9,004.00		9,042.00		0.86		0.94		9.55

				37.00		1.02		1.02		-0.38				9,004.00		9,043.00		1.60		1.77		10.05						37.00		1.02		1.02		-0.39				9,004.00		9,043.00		1.60		1.77		10.05

				38.00		1.02		1.02		-0.34				9,003.00		9,034.00		1.63		1.79		9.33						38.00		1.02		1.02		-0.35				9,003.00		9,034.00		1.63		1.79		9.32

				39.00		1.05		1.05		0.00				9,003.00		9,035.00		1.76		1.93		9.50						39.00		1.05		1.05		0.00				9,003.00		9,035.00		1.76		1.93		9.50

				40.00		1.02		1.02		-0.32				9,003.00		9,036.00		3.05		3.35		10.09						40.00		1.02		1.02		-0.33				9,003.00		9,036.00		3.05		3.35		10.09

				41.00		1.03		1.03		-0.22				9,003.00		9,037.00		1.97		2.16		9.47						41.00		1.03		1.03		-0.23				9,003.00		9,037.00		1.97		2.16		9.47

				42.00		1.04		1.04		0.00				9,003.00		9,038.00		2.74		3.01		9.56						42.00		1.04		1.04		0.00				9,003.00		9,038.00		2.74		3.01		9.56

				43.00		1.00		1.00		-0.56				9,012.00		9,121.00		3.84		4.23		10.12						43.00		1.00		1.00		-0.57				9,012.00		9,121.00		3.84		4.23		10.12

				44.00		1.01		1.00		-0.42				9,053.00		9,533.00		1.30		1.42		9.16						44.00		1.01		1.00		-0.42				9,053.00		9,533.00		1.30		1.42		9.16

				45.00		1.02		1.02		-0.31				1.00		5.00		402.05		441.48		9.81						45.00		1.02		1.02		-0.31				1.00		5.00		402.07		441.43		9.79

				46.00		1.03		1.03		0.00				2.00		6.00		158.72		176.90		11.46						46.00		1.03		1.03		0.00				2.00		6.00		158.51		176.79		11.54

				47.00		0.98		0.97		-0.74				2.00		8.00		364.76		396.33		8.66						47.00		0.98		0.97		-0.75				2.00		8.00		365.11		396.43		8.58

				48.00		1.00		1.00		-0.46				3.00		7.00		260.94		285.79		9.53						48.00		1.00		1.00		-0.47				3.00		7.00		260.14		284.09		9.21

				49.00		1.05		1.05		-0.10				3.00		19.00		138.99		151.19		8.78						49.00		1.05		1.05		-0.10				3.00		19.00		139.13		151.18		8.66

				51.00		1.03		1.02		-0.35				3.00		150.00		94.73		108.62		14.66						51.00		1.03		1.02		-0.36				3.00		150.00		92.90		105.97		14.07

				52.00		1.00		0.99		-0.71				4.00		16.00		710.22		712.55		0.33						52.00		1.00		0.99		-0.72				4.00		16.00		712.55		712.55		0.00

				53.00		1.00		0.99		-0.64				5.00		9.00		119.22		129.25		8.41						53.00		1.00		0.99		-0.65				5.00		9.00		119.33		129.28		8.33

				54.00		1.01		1.00		-0.55				7.00		12.00		180.15		196.23		8.93						54.00		1.01		1.00		-0.56				7.00		12.00		180.49		196.36		8.79

				55.00		1.02		1.01		-0.52				7.00		131.00		47.47		56.13		18.24						55.00		1.02		1.01		-0.53				7.00		131.00		46.04		54.12		17.56

				57.00		1.03		1.03		-0.33				8.00		11.00		1.72		4.38		155.13						57.00		1.03		1.03		-0.33				8.00		11.00		1.55		4.31		178.90

				58.00		0.99		0.99		-0.63				8.00		14.00		292.58		313.84		7.26						58.00		0.99		0.99		-0.63				8.00		14.00		293.09		314.00		7.13

				59.00		0.98		0.97		-0.72				9.00		11.00		22.34		22.63		1.27						59.00		0.98		0.97		-0.72				9.00		11.00		22.45		22.65		0.92

				60.00		1.02		1.02		-0.36				11.00		13.00		153.43		169.18		10.26						60.00		1.02		1.02		-0.36				11.00		13.00		153.41		169.16		10.27

				61.00		0.99		0.99		-0.54				12.00		21.00		420.33		460.52		9.56						61.00		0.99		0.99		-0.54				12.00		21.00		420.63		460.63		9.51

				62.00		1.02		1.01		-0.30				13.00		20.00		93.57		103.10		10.19						62.00		1.02		1.01		-0.30				13.00		20.00		93.54		103.08		10.20

				63.00		0.96		0.96		0.00				14.00		15.00		121.65		125.33		3.02						63.00		0.96		0.96		0.00				14.00		15.00		122.13		125.48		2.75

				64.00		0.95		0.94		-0.39				15.00		37.00		19.56		19.60		0.21						64.00		0.95		0.94		-0.39				15.00		37.00		19.96		19.60		-1.79

				69.00		0.96		0.96		-0.74				15.00		89.00		17.09		18.39		7.60						69.00		0.96		0.96		-0.74				15.00		89.00		17.21		18.38		6.76

				70.00		0.95		0.94		-1.10				15.00		90.00		13.15		13.58		3.29						70.00		0.95		0.94		-1.10				15.00		90.00		13.32		13.58		1.97

				71.00		0.98		0.97		-0.60				16.00		42.00		399.17		401.20		0.51						71.00		0.98		0.97		-0.60				16.00		42.00		401.20		401.20		0.00

				72.00		0.97		0.97		-0.35				19.00		21.00		-45.67		-46.56		1.95						72.00		0.97		0.97		-0.35				19.00		21.00		-45.94		-46.65		1.55

				73.00		0.98		0.97		-0.49				19.00		87.00		183.09		195.89		6.99						73.00		0.98		0.97		-0.49				19.00		87.00		183.50		195.96		6.79

				74.00		1.00		0.99		-0.46				20.00		22.00		-15.12		-15.44		2.11						74.00		1.00		0.99		-0.46				20.00		22.00		-15.12		-15.44		2.11

				76.00		0.96		0.96		0.00				20.00		27.00		24.31		27.36		12.54						76.00		0.96		0.96		0.00				20.00		27.00		24.31		27.36		12.54

				77.00		0.98		0.98		-0.18				21.00		24.00		-227.38		-250.33		10.09						77.00		0.98		0.98		-0.18				21.00		24.00		-227.38		-250.33		10.09

				78.00		0.99		0.99		-0.18				22.00		23.00		-96.23		-104.71		8.80						78.00		0.99		0.99		-0.18				22.00		23.00		-96.23		-104.71		8.80

				79.00		0.98		0.98		-0.35				23.00		25.00		126.47		139.26		10.12						79.00		0.98		0.98		-0.35				23.00		25.00		126.47		139.26		10.12

				80.00		0.99		0.98		-0.29				24.00		319.00		116.78		128.56		10.09						80.00		0.99		0.98		-0.29				24.00		319.00		116.78		128.56		10.09

				81.00		1.03		1.03		-0.00				25.00		26.00		78.68		86.38		9.78						81.00		1.03		1.03		0.00				25.00		26.00		78.68		86.38		9.78

				84.00		1.03		1.03		0.00				26.00		27.00		46.08		50.26		9.07						84.00		1.03		1.03		0.00				26.00		27.00		46.08		50.26		9.07

				85.00		0.99		0.98		-0.25				26.00		320.00		2.48		2.73		10.34						85.00		0.99		0.98		-0.25				26.00		320.00		2.48		2.73		10.34

				86.00		0.99		0.99		-0.40				33.00		34.00		-120.48		-139.31		15.63						86.00		0.99		0.99		-0.40				33.00		34.00		-121.12		-139.25		14.96

				87.00		0.99		0.99		-0.47				33.00		38.00		85.24		95.88		12.49						87.00		0.99		0.99		-0.47				33.00		38.00		85.53		95.83		12.04

				88.00		1.02		1.01		-0.17				33.00		40.00		47.80		55.90		16.95						88.00		1.02		1.01		-0.17				33.00		40.00		47.95		55.88		16.53

				89.00		1.03		1.03		-0.27				33.00		41.00		-67.56		-72.97		8.01						89.00		1.03		1.03		-0.27				33.00		41.00		-67.36		-72.96		8.31

				90.00		1.03		1.02		-0.35				34.00		42.00		-120.48		-121.12		0.54						90.00		1.03		1.02		-0.35				34.00		42.00		-121.12		-121.12		0.00

				91.00		1.05		1.05		0.00				35.00		72.00		48.59		54.01		11.14						91.00		1.05		1.05		0.00				35.00		72.00		48.59		54.01		11.14

				92.00		1.05		1.05		0.00				35.00		76.00		113.05		126.76		12.13						92.00		1.05		1.05		0.00				35.00		76.00		113.04		126.75		12.12

				94.00		0.99		0.99		-0.41				35.00		77.00		-48.10		-52.65		9.47						94.00		0.99		0.99		-0.41				35.00		77.00		-48.10		-52.65		9.47

				97.00		1.02		1.02		-0.18				36.00		88.00		-113.54		-128.12		12.84						97.00		1.02		1.02		-0.18				36.00		88.00		-113.54		-128.10		12.83

				98.00		1.00		1.00		0.00				37.00		38.00		50.28		49.59		-1.37						98.00		1.00		1.00		0.00				37.00		38.00		49.78		49.58		-0.39

				99.00		0.99		0.99		-0.05				37.00		40.00		39.08		40.04		2.44						99.00		0.99		0.99		-0.05				37.00		40.00		38.75		40.03		3.30

				100.00		1.01		1.00		-0.16				37.00		41.00		-43.38		-54.06		24.62						100.00		1.01		1.00		-0.16				37.00		41.00		-43.89		-54.04		23.13

				102.00		1.00		1.00		-0.24				37.00		49.00		-188.17		-196.39		4.37						102.00		1.00		1.00		-0.24				37.00		49.00		-185.92		-196.36		5.61

				103.00		1.03		1.03		-0.20				37.00		89.00		-1.82		-0.69		-61.94						103.00		1.03		1.03		-0.20				37.00		89.00		-2.05		-0.71		-65.53

				104.00		1.00		0.99		-0.20				37.00		90.00		-1.31		-0.28		-78.23						104.00		1.00		0.99		-0.20				37.00		90.00		-1.59		-0.30		-81.12

				105.00		1.02		1.02		-0.29				38.00		41.00		-104.82		-114.42		9.16						105.00		1.02		1.02		-0.29				38.00		41.00		-104.70		-114.39		9.26

				107.00		1.01		1.01		-0.31				38.00		43.00		84.95		88.97		4.73						107.00		1.01		1.01		-0.32				38.00		43.00		84.63		88.87		5.01

				108.00		0.99		0.99		0.00				39.00		42.00		500.00		500.00		0.00						108.00		0.99		0.99		0.00				39.00		42.00		500.00		500.00		0.00

				109.00		0.98		0.97		-0.69				40.00		48.00		40.38		44.76		10.84						109.00		0.98		0.97		-0.69				40.00		48.00		40.21		44.73		11.25

				110.00		0.97		0.97		-0.66				41.00		42.00		-193.38		-226.60		17.18						110.00		0.97		0.97		-0.66				41.00		42.00		-195.32		-226.48		15.95

				112.00		0.97		0.97		-0.79				41.00		49.00		-68.38		-69.95		2.30						112.00		0.97		0.97		-0.79				41.00		49.00		-67.39		-69.95		3.79

				113.00		0.97		0.96		-0.85				41.00		51.00		-41.34		-41.18		-0.40						113.00		0.97		0.96		-0.85				41.00		51.00		-40.58		-41.24		1.63

				114.00		0.98		0.97		-0.76				42.00		46.00		580.64		580.05		-0.10						114.00		0.98		0.97		-0.76				42.00		46.00		580.05		580.05		-0.00

				115.00		0.96		0.94		-1.69				43.00		44.00		11.19		6.47		-42.24						115.00		0.96		0.94		-1.66				43.00		44.00		10.93		6.43		-41.16

				116.00		1.02		1.02		-0.20				43.00		48.00		-3.95		-2.57		-35.09						116.00		1.02		1.02		-0.20				43.00		48.00		-3.94		-2.55		-35.13

				117.00		0.93		0.91		-2.39				43.00		53.00		36.49		39.71		8.85						117.00		0.93		0.91		-2.36				43.00		53.00		36.43		39.65		8.84

				118.00		0.93		0.91		-2.43				44.00		47.00		118.81		127.94		7.68						118.00		0.93		0.91		-2.40				44.00		47.00		118.81		127.97		7.71

				119.00		1.04		1.04		0.00				44.00		54.00		-21.69		-19.42		-10.45						119.00		1.04		1.04		0.00				44.00		54.00		-21.54		-19.49		-9.53

				120.00		0.96		0.94		-1.65				45.00		60.00		-222.36		-231.32		4.03						120.00		0.96		0.94		-1.65				45.00		60.00		-223.35		-232.38		4.04

				121.00		0.99		0.97		-1.80				45.00		74.00		241.67		251.05		3.88						121.00		0.99		0.97		-1.78				45.00		74.00		241.74		251.22		3.92

				122.00		0.97		0.96		-1.64				46.00		81.00		311.13		311.06		-0.02						122.00		0.97		0.96		-1.61				46.00		81.00		311.06		311.06		0.00

				123.00		1.00		1.00		-0.51				47.00		73.00		26.51		24.20		-8.74						123.00		1.00		1.00		-0.50				47.00		73.00		26.51		24.23		-8.60

				124.00		1.02		1.02		0.00				47.00		113.00		30.55		35.55		16.37						124.00		1.02		1.02		0.00				47.00		113.00		30.55		35.55		16.37

				125.00		1.01		1.01		0.00				48.00		107.00		-5.01		-3.43		-31.52						125.00		1.01		1.01		0.00				48.00		107.00		-5.16		-3.44		-33.25

				126.00		1.00		0.99		-0.92				49.00		51.00		103.34		106.70		3.25						126.00		1.00		0.99		-0.85				49.00		51.00		101.95		106.62		4.58

				127.00		0.99		0.98		-1.09				51.00		52.00		63.36		67.17		6.01						127.00		1.00		0.99		-0.92				51.00		52.00		62.84		67.03		6.67

				128.00		1.00		1.00		-0.56				52.00		55.00		0.93		-1.56		-266.81						128.00		1.00		1.00		-0.67				52.00		55.00		0.43		-1.69		-491.99

				129.00		1.00		0.99		-0.66				53.00		54.00		-32.69		-36.39		11.34						129.00		1.00		1.00		-0.63				53.00		54.00		-32.74		-36.46		11.35

				130.00		1.02		1.01		-0.50				54.00		55.00		-64.81		-67.30		3.84						130.00		1.02		1.01		-0.49				54.00		55.00		-64.72		-67.43		4.20

				131.00		0.99		0.98		-0.28				55.00		57.00		-42.54		-45.38		6.67						131.00		0.99		0.98		-0.28				55.00		57.00		-42.94		-45.65		6.32

				132.00		1.00		1.00		-0.51				57.00		58.00		-9.79		-9.86		0.73						132.00		1.00		1.00		-0.49				57.00		58.00		-10.12		-10.09		-0.31

				133.00		1.00		1.00		-0.49				57.00		63.00		33.08		36.84		11.36						133.00		1.00		1.00		-0.49				57.00		63.00		32.99		36.78		11.48

				134.00		1.02		1.01		-0.90				58.00		59.00		-25.40		-27.08		6.61						134.00		1.02		1.01		-0.76				58.00		59.00		-25.74		-27.31		6.11

				135.00		1.01		1.00		-1.08				59.00		61.00		-243.77		-267.30		9.65						135.00		1.02		1.01		-0.93				59.00		61.00		-244.12		-267.54		9.59

				136.00		1.05		1.04		-0.62				60.00		62.00		-225.78		-235.06		4.11						136.00		1.05		1.04		-0.56				60.00		62.00		-226.81		-236.16		4.12

				137.00		1.05		1.04		-0.27				62.00		64.00		197.10		218.22		10.71						137.00		1.05		1.04		-0.27				62.00		64.00		197.19		218.28		10.69

				138.00		1.06		1.06		0.00				62.00		144.00		-99.65		-96.98		-2.68						138.00		1.06		1.06		0.00				62.00		144.00		-101.16		-98.43		-2.69

				139.00		1.01		1.01		-0.44				63.00		526.00		151.98		168.03		10.56						139.00		1.01		1.01		-0.44				63.00		526.00		151.98		168.03		10.56

				140.00		1.04		1.04		-0.51				69.00		211.00		-27.45		-31.25		13.81						140.00		1.04		1.04		-0.51				69.00		211.00		-27.45		-31.24		13.80

				141.00		1.05		1.05		0.00				69.00		79.00		-17.30		-18.18		5.10						141.00		1.05		1.05		0.00				69.00		79.00		-17.30		-18.19		5.13

				142.00		1.02		1.00		-1.09				70.00		71.00		-84.37		-92.84		10.04						142.00		1.02		1.00		-1.09				70.00		71.00		-84.37		-92.84		10.04

				143.00		1.04		1.04		0.00				70.00		528.00		28.37		31.24		10.12						143.00		1.04		1.04		0.00				70.00		528.00		28.37		31.24		10.12

				144.00		1.02		1.01		-0.27				71.00		72.00		-26.23		-29.77		13.47						144.00		1.02		1.01		-0.27				71.00		72.00		-26.23		-29.76		13.45

				145.00		1.01		1.00		-0.83				71.00		73.00		-60.66		-66.19		9.13						145.00		1.01		1.00		-0.83				71.00		73.00		-60.66		-66.20		9.13

				146.00		1.05		1.05		0.00				72.00		77.00		-49.34		-54.71		10.89						146.00		1.05		1.05		0.00				72.00		77.00		-49.34		-54.71		10.89

				147.00		1.05		1.05		0.00				72.00		531.00		14.06		15.47		10.05						147.00		1.05		1.05		0.00				72.00		531.00		14.06		15.47		10.05

				148.00		1.06		1.05		-0.48				73.00		76.00		27.50		27.10		-1.44						148.00		1.06		1.05		-0.48				73.00		76.00		27.50		27.12		-1.39

				149.00		1.07		1.07		0.00				73.00		79.00		-23.41		-28.66		22.42						149.00		1.07		1.07		0.00				73.00		79.00		-23.40		-28.63		22.36

				150.00		0.99		0.98		-0.28				74.00		88.00		-78.86		-100.00		26.81						150.00		0.99		0.98		-0.28				74.00		88.00		-78.81		-99.86		26.72

				151.00		1.00		1.00		-0.40				74.00		562.00		51.26		56.50		10.21						151.00		1.00		1.00		-0.40				74.00		562.00		51.26		56.50		10.21

				152.00		1.05		1.05		0.00				76.00		77.00		-68.57		-76.17		11.08						152.00		1.05		1.05		0.00				76.00		77.00		-68.57		-76.17		11.08

				153.00		1.04		1.04		0.00				77.00		78.00		-257.85		-282.49		9.56						153.00		1.04		1.04		0.00				77.00		78.00		-257.85		-282.50		9.56

				154.00		0.97		0.96		-0.94				77.00		80.00		-3.12		-5.75		84.10						154.00		0.97		0.96		-0.93				77.00		80.00		-3.12		-5.73		83.90

				155.00		1.02		1.01		-0.56				77.00		552.00		-10.98		-12.07		9.89						155.00		1.02		1.01		-0.57				77.00		552.00		-10.98		-12.07		9.89

				156.00		0.96		0.96		0.00				77.00		609.00		30.35		33.47		10.30						156.00		0.96		0.96		0.00				77.00		609.00		30.35		33.47		10.30

				157.00		0.98		0.97		-1.69				78.00		79.00		79.43		88.45		11.36						157.00		0.98		0.97		-1.66				78.00		79.00		79.43		88.44		11.35

				158.00		1.00		0.99		-1.25				78.00		84.00		-338.00		-371.80		10.00						158.00		1.00		0.99		-1.21				78.00		84.00		-338.00		-371.80		10.00

				159.00		0.99		0.97		-1.84				79.00		211.00		-9.97		-12.07		21.08						159.00		0.99		0.97		-1.81				79.00		211.00		-9.97		-12.07		21.04

				160.00		1.00		0.99		-0.58				80.00		211.00		-31.13		-36.55		17.44						160.00		1.00		0.99		-0.57				80.00		211.00		-31.12		-36.54		17.41

				161.00		1.04		1.03		-0.24				81.00		194.00		11.47		11.49		0.18						161.00		1.04		1.03		-0.24				81.00		194.00		11.47		11.49		0.21

				162.00		0.99		0.98		-1.20				81.00		195.00		101.78		101.77		-0.01						162.00		0.99		0.98		-1.20				81.00		195.00		101.77		101.77		-0.00

				163.00		1.04		1.03		-0.66				85.00		86.00		-92.54		-99.23		7.23						163.00		1.04		1.03		-0.67				85.00		86.00		-92.66		-99.25		7.12

				164.00		0.98		0.97		-0.93				86.00		87.00		-115.94		-123.46		6.49						164.00		0.98		0.97		-0.94				86.00		87.00		-116.17		-123.51		6.31

				165.00		1.00		0.99		-0.83				86.00		323.00		-14.86		-16.33		9.95						165.00		1.00		0.99		-0.83				86.00		323.00		-14.86		-16.33		9.95

				166.00		1.00		0.99		-0.52				89.00		91.00		-29.24		-31.29		7.01						166.00		1.00		0.99		-0.52				89.00		91.00		-29.36		-31.32		6.68

				167.00		0.97		0.96		-1.13				90.00		92.00		-54.33		-59.49		9.49						167.00		0.97		0.96		-1.10				90.00		92.00		-54.45		-59.50		9.29

				168.00		1.00		0.99		-0.75				91.00		94.00		8.57		10.56		23.14						168.00		1.00		1.00		-0.67				91.00		94.00		8.47		10.54		24.38

				169.00		0.99		0.98		-0.84				91.00		97.00		99.40		109.06		9.72						169.00		0.99		0.98		-0.81				91.00		97.00		99.38		109.05		9.73

				170.00		0.93		0.93		0.00				92.00		103.00		78.38		86.68		10.58						170.00		0.93		0.93		0.00				92.00		103.00		78.32		86.67		10.67

				171.00		0.98		0.98		0.00				92.00		105.00		140.59		154.37		9.80						171.00		0.98		0.98		0.00				92.00		105.00		140.54		154.36		9.84

				172.00		1.02		1.01		-1.02				94.00		97.00		8.64		8.88		2.75						172.00		1.02		1.01		-1.01				94.00		97.00		8.69		8.88		2.30

				173.00		0.98		0.96		-2.67				97.00		100.00		43.52		48.09		10.50						173.00		0.98		0.96		-2.67				97.00		100.00		43.47		48.08		10.60

				174.00		1.06		1.06		-0.48				97.00		102.00		40.23		44.47		10.53						174.00		1.06		1.06		-0.48				97.00		102.00		40.19		44.47		10.64

				175.00		0.97		0.95		-1.87				97.00		103.00		-18.22		-21.58		18.42						175.00		0.97		0.95		-1.87				97.00		103.00		-18.10		-21.56		19.11

				176.00		1.05		1.05		0.00				98.00		100.00		-6.97		-7.61		9.23						176.00		1.05		1.05		0.00				98.00		100.00		-6.96		-7.61		9.35

				177.00		1.01		1.01		0.00				98.00		102.00		8.27		9.04		9.35						177.00		1.01		1.01		0.00				98.00		102.00		8.26		9.04		9.45

				178.00		0.94		0.92		-1.82				99.00		107.00		-52.41		-58.28		11.20						178.00		0.94		0.92		-1.82				99.00		107.00		-52.29		-58.26		11.41

				179.00		0.97		0.95		-2.37				99.00		108.00		-10.35		-9.94		-4.03						179.00		0.97		0.95		-2.37				99.00		108.00		-10.38		-9.94		-4.22

				180.00		0.98		0.97		-1.26				99.00		109.00		28.32		29.38		3.76						180.00		0.98		0.97		-1.26				99.00		109.00		28.32		29.38		3.75

				181.00		1.05		1.05		-0.18				99.00		110.00		43.49		46.21		6.26						181.00		1.05		1.05		-0.18				99.00		110.00		43.51		46.22		6.23

				182.00		1.04		1.04		-0.55				100.00		102.00		36.12		39.97		10.64						182.00		1.04		1.04		-0.55				100.00		102.00		36.08		39.96		10.74

				183.00		0.97		0.97		-0.21				102.00		104.00		43.53		46.63		7.12						183.00		0.97		0.97		-0.21				102.00		104.00		43.56		46.64		7.06

				184.00		1.04		1.03		-0.40				103.00		105.00		26.93		28.37		5.34						184.00		1.04		1.03		-0.35				103.00		105.00		26.99		28.38		5.15

				185.00		1.05		1.05		0.00				104.00		108.00		31.53		33.35		5.78						185.00		1.05		1.05		0.00				104.00		108.00		31.56		33.36		5.70

				186.00		1.07		1.07		0.00				104.00		322.00		2.41		2.65		10.04						186.00		1.07		1.07		0.00				104.00		322.00		2.41		2.65		10.04

				187.00		1.07		1.07		0.00				105.00		107.00		64.05		69.30		8.21						187.00		1.07		1.07		0.00				105.00		107.00		64.08		69.30		8.15

				188.00		1.05		1.05		-0.16				105.00		110.00		50.67		55.02		8.58						188.00		1.05		1.05		-0.16				105.00		110.00		50.64		55.02		8.64

				189.00		1.00		1.00		-0.61				108.00		324.00		25.18		27.75		10.22						189.00		1.00		1.00		-0.61				108.00		324.00		25.18		27.75		10.22

				190.00		1.06		1.06		0.00				109.00		110.00		-10.29		-10.12		-1.65						190.00		1.06		1.06		0.00				109.00		110.00		-10.29		-10.12		-1.59

				191.00		1.04		1.04		0.00				109.00		113.00		-3.90		-6.08		56.07						191.00		1.04		1.04		0.00				109.00		113.00		-3.90		-6.08		56.08

				192.00		0.94		0.91		-2.66				109.00		114.00		11.44		11.41		-0.22						192.00		0.94		0.91		-2.66				109.00		114.00		11.44		11.42		-0.18

				193.00		1.00		0.99		-0.72				110.00		112.00		15.94		16.04		0.65						193.00		1.00		0.99		-0.72				110.00		112.00		15.94		16.04		0.68

				194.00		1.05		1.05		-0.01				112.00		114.00		-4.09		-5.95		45.61						194.00		1.05		1.05		-0.01				112.00		114.00		-4.09		-5.94		45.46

				195.00		1.04		1.04		-0.00				115.00		122.00		52.61		58.85		11.86						195.00		1.04		1.04		0.00				115.00		122.00		52.54		58.74		11.81

				196.00		0.97		0.97		-0.61				116.00		120.00		-62.84		-70.92		12.87						196.00		0.97		0.97		-0.61				116.00		120.00		-62.68		-70.69		12.79

				197.00		0.99		0.99		-0.36				117.00		118.00		-487.45		-533.30		9.41						197.00		0.99		0.99		-0.36				117.00		118.00		-487.68		-533.64		9.42

				198.00		1.02		1.02		0.00				118.00		119.00		-577.69		-631.55		9.32						198.00		1.02		1.02		0.00				118.00		119.00		-577.93		-631.91		9.34

				199.00		0.95		0.95		-0.92				118.00		1,201.00		29.27		31.76		8.48						199.00		0.95		0.95		-0.92				118.00		1,201.00		29.28		31.77		8.50

				200.00		0.96		0.95		-0.95				1,201.00		120.00		29.27		31.76		8.48						200.00		0.96		0.95		-0.95				1,201.00		120.00		29.28		31.77		8.50

				201.00		0.97		0.96		-0.99				118.00		121.00		46.50		50.53		8.67						201.00		0.97		0.96		-0.99				118.00		121.00		46.50		50.53		8.68

				202.00		0.99		0.99		-0.48				119.00		120.00		710.72		784.09		10.32						202.00		0.99		0.99		-0.48				119.00		120.00		710.56		783.84		10.31

				203.00		1.00		1.00		-0.19				119.00		121.00		541.17		596.89		10.30						203.00		1.00		1.00		-0.19				119.00		121.00		541.10		596.78		10.29

				204.00		0.97		0.96		-1.16				122.00		123.00		17.75		18.38		3.54						204.00		0.97		0.96		-1.16				122.00		123.00		17.83		18.48		3.65

				205.00		0.99		0.98		-0.91				122.00		125.00		15.45		16.34		5.77						205.00		0.99		0.98		-0.91				122.00		125.00		15.47		16.37		5.79

				206.00		1.00		1.00		-0.85				123.00		124.00		-67.61		-75.25		11.30						206.00		1.00		1.00		-0.85				123.00		124.00		-67.52		-75.12		11.26

				207.00		1.02		1.01		-0.79				123.00		125.00		6.84		7.13		4.16						207.00		1.02		1.01		-0.79				123.00		125.00		6.83		7.10		3.95

				208.00		1.00		0.99		-0.69				125.00		126.00		-493.01		-543.53		10.25						208.00		1.00		0.99		-0.69				125.00		126.00		-492.98		-543.51		10.25

				209.00		1.00		1.00		-0.55				126.00		127.00		-34.22		-37.36		9.15						209.00		1.00		1.00		-0.55				126.00		127.00		-99.08		-109.16		10.18

				210.00		0.98		0.98		-0.55				126.00		129.00		-156.39		-172.81		10.50						210.00		0.98		0.98		-0.55				126.00		129.00		-131.22		-144.88		10.41

				211.00		1.00		1.00		-0.28				126.00		132.00		-174.35		-192.14		10.20						211.00		1.00		1.00		-0.28				126.00		132.00		-158.36		-174.54		10.22

				212.00		1.01		1.01		-0.19				126.00		157.00		-29.16		-32.05		9.92						212.00		1.01		1.01		-0.19				126.00		157.00		-29.17		-32.08		9.95

				213.00		1.01		1.01		0.00				126.00		158.00		-46.49		-51.17		10.07						213.00		1.01		1.01		0.00				126.00		158.00		-46.46		-51.14		10.08

				214.00		0.99		0.99		-0.13				126.00		169.00		-111.80		-123.60		10.56						214.00		0.99		0.99		-0.13				126.00		169.00		-88.08		-97.28		10.44

				215.00		0.99		0.98		-0.32				127.00		128.00		0.00		0.00		ERROR:#DIV/0!						215.00		0.99		0.98		-0.32				127.00		128.00		-171.67		-189.58		10.43

				216.00		0.98		0.97		-0.54				127.00		134.00		-166.00		-181.31		9.22						216.00		0.98		0.97		-0.54				127.00		134.00		-137.80		-150.35		9.11

				217.00		1.02		1.02		-0.18				127.00		168.00		-249.10		-275.02		10.41						217.00		1.02		1.02		-0.18				127.00		168.00		-171.00		-188.84		10.43

				218.00		1.01		1.01		-0.20				128.00		130.00		-199.91		-221.51		10.80						218.00		1.01		1.01		-0.20				128.00		130.00		-234.70		-259.30		10.48

				219.00		1.06		1.06		-0.00				128.00		133.00		199.91		221.51		10.80						219.00		1.06		1.06		-0.00				128.00		133.00		61.27		67.53		10.22

				220.00		1.01		1.01		0.00				129.00		130.00		-236.67		-261.83		10.63						220.00		1.01		1.01		0.00				129.00		130.00		-232.70		-257.26		10.56

				221.00		1.00		1.00		0.00				129.00		133.00		77.37		85.40		10.38						221.00		1.00		1.00		0.00				129.00		133.00		99.45		109.87		10.47

				222.00		1.05		1.05		0.00				130.00		132.00		295.58		326.30		10.39						222.00		1.05		1.05		0.00				130.00		132.00		280.58		309.62		10.35

				223.00		1.00		1.00		-0.08				130.00		151.00		164.51		181.30		10.20						223.00		1.00		1.00		-0.08				130.00		151.00		162.19		178.69		10.17

				224.00		1.00		0.99		-0.60				130.00		167.00		278.86		307.55		10.29						224.00		1.00		0.99		-0.60				130.00		167.00		275.74		303.94		10.23

				225.00		0.95		0.92		-2.48				130.00		168.00		250.88		277.78		10.72						225.00		0.95		0.92		-2.48				130.00		168.00		236.20		261.52		10.72

				226.00		1.02		1.01		-0.42				133.00		137.00		-637.49		-701.20		9.99						226.00		1.02		1.01		-0.42				133.00		137.00		-665.57		-732.45		10.05

				227.00		1.00		1.00		0.00				133.00		168.00		6.78		7.89		16.39						227.00		1.00		1.00		0.00				133.00		168.00		-59.14		-65.16		10.18

				228.00		1.04		1.04		-0.42				133.00		169.00		141.99		157.33		10.80						228.00		1.04		1.04		-0.42				133.00		169.00		120.28		133.19		10.74

				229.00		1.05		1.05		-0.33				133.00		171.00		764.84		841.43		10.01						229.00		1.05		1.05		-0.33				133.00		171.00		764.85		841.44		10.01

				230.00		1.04		1.04		0.00				134.00		135.00		-105.42		-115.03		9.12						230.00		1.04		1.04		0.00				134.00		135.00		-76.76		-83.48		8.76

				231.00		1.05		1.05		-0.00				134.00		184.00		-62.02		-68.03		9.68						231.00		1.05		1.05		0.00				134.00		184.00		-62.06		-68.09		9.72

				232.00		1.04		1.04		-0.10				135.00		136.00		-275.11		-301.76		9.69						232.00		1.04		1.04		-0.10				135.00		136.00		-246.22		-269.93		9.63

				233.00		1.00		1.00		0.00				136.00		137.00		39.29		42.27		7.57						233.00		1.00		1.00		0.00				136.00		137.00		63.45		69.11		8.91

				234.00		1.04		1.04		-0.28				136.00		152.00		-376.31		-413.00		9.75						234.00		1.04		1.04		-0.28				136.00		152.00		-370.19		-406.27		9.75

				235.00		1.01		1.01		-0.02				137.00		140.00		329.59		357.46		8.45						235.00		1.01		1.01		-0.02				137.00		140.00		331.06		358.86		8.40

				236.00		1.02		1.02		0.00				137.00		181.00		-91.96		-100.89		9.71						236.00		1.02		1.02		0.00				137.00		181.00		-91.97		-100.89		9.71

				237.00		1.06		1.06		-0.00				137.00		186.00		-471.06		-517.50		9.86						237.00		1.06		1.06		-0.00				137.00		186.00		-471.10		-517.54		9.86

				238.00		1.01		1.01		0.00				137.00		188.00		-431.82		-474.70		9.93						238.00		1.01		1.01		0.00				137.00		188.00		-431.78		-474.66		9.93

				239.00		1.00		1.00		0.00				139.00		172.00		18.80		21.11		12.32						239.00		1.00		1.00		0.00				139.00		172.00		18.87		21.18		12.26

				240.00		1.02		1.02		0.07				140.00		141.00		-79.39		-88.10		10.98						240.00		1.02		1.02		0.07				140.00		141.00		-79.18		-87.90		11.02

				241.00		1.05		1.05		0.00				140.00		142.00		-8.05		-11.82		46.73						241.00		1.05		1.05		0.00				140.00		142.00		-7.40		-11.19		51.21

				242.00		0.99		0.99		0.00				140.00		145.00		-16.22		-18.78		15.77						242.00		0.99		0.99		0.00				140.00		145.00		-15.99		-18.56		16.06

				243.00		1.01		1.01		0.00				140.00		146.00		-48.12		-53.67		11.53						243.00		1.01		1.01		0.00				140.00		146.00		-47.95		-53.51		11.58

				244.00		0.99		0.99		-0.20				140.00		147.00		-62.69		-69.25		10.46						244.00		0.99		0.99		-0.20				140.00		147.00		-62.56		-69.13		10.49

				245.00		0.97		0.97		-0.38				140.00		182.00		154.87		170.83		10.31						245.00		0.97		0.97		-0.38				140.00		182.00		154.94		170.90		10.30

				246.00		0.97		0.96		-0.50				141.00		146.00		-35.87		-40.47		12.81						246.00		0.97		0.96		-0.50				141.00		146.00		-35.71		-40.31		12.88

				247.00		0.97		0.96		-0.54				142.00		143.00		-222.35		-248.89		11.94						247.00		0.97		0.96		-0.54				142.00		143.00		-221.66		-248.23		11.99

				248.00		0.98		0.97		-1.01				143.00		145.00		103.95		118.32		13.83						248.00		0.98		0.97		-1.01				143.00		145.00		103.49		117.87		13.90

				249.00		0.98		0.97		-1.04				143.00		149.00		-29.75		-31.41		5.57						249.00		0.98		0.97		-1.04				143.00		149.00		-29.90		-31.56		5.52

				250.00		1.02		1.01		-0.54				145.00		146.00		-147.62		-159.51		8.05						250.00		1.02		1.01		-0.54				145.00		146.00		-148.08		-159.95		8.02

				281.00		1.03		1.03		0.09				145.00		149.00		-71.74		-80.03		11.56						281.00		1.03		1.03		0.09				145.00		149.00		-71.59		-79.89		11.59

				319.00		1.02		1.01		-0.12				146.00		147.00		-150.93		-165.33		9.54						319.00		1.02		1.01		-0.12				146.00		147.00		-151.06		-165.46		9.53

				320.00		1.01		1.01		-0.47				148.00		178.00		96.09		107.32		11.69						320.00		1.01		1.01		-0.47				148.00		178.00		95.95		107.18		11.71

				322.00		1.00		1.00		-0.16				148.00		179.00		47.66		53.21		11.63						322.00		1.00		1.00		-0.16				148.00		179.00		47.61		53.16		11.65

				323.00		0.98		0.98		-0.53				152.00		153.00		-28.74		-31.49		9.56						323.00		0.98		0.98		-0.53				152.00		153.00		-22.38		-24.46		9.27

				324.00		0.97		0.97		-0.20				153.00		161.00		101.56		112.11		10.39						324.00		0.97		0.97		-0.20				153.00		161.00		107.41		118.58		10.40

				526.00		0.94		0.94		-0.74				154.00		156.00		-26.44		-29.53		11.71						526.00		0.94		0.94		-0.74				154.00		156.00		-25.92		-28.97		11.76

				528.00		0.97		0.96		-0.87				154.00		183.00		-43.56		-47.47		8.96						528.00		0.97		0.96		-0.87				154.00		183.00		-44.08		-48.03		8.97

				531.00		0.96		0.96		-0.46				155.00		161.00		-65.55		-72.35		10.38						531.00		0.96		0.96		-0.46				155.00		161.00		-71.25		-78.64		10.38

				552.00		1.00		1.00		-0.05				157.00		159.00		-362.97		-396.56		9.25						552.00		1.00		1.00		-0.05				157.00		159.00		-363.17		-396.84		9.27

				562.00		0.98		0.97		-1.24				158.00		159.00		-90.07		-98.64		9.51						562.00		0.98		0.97		-1.24				158.00		159.00		-90.11		-98.70		9.53

				609.00		0.96		0.95		-0.52				158.00		160.00		43.41		47.25		8.84						609.00		0.96		0.95		-0.52				158.00		160.00		43.48		47.33		8.88

				664.00		1.03		1.03		-0.00				162.00		164.00		461.88		507.25		9.82						664.00		1.03		1.03		-0.00				162.00		164.00		461.88		507.25		9.82

				1,190.00		1.01		1.01		-0.08				162.00		165.00		-546.88		-600.75		9.85						1,190.00		1.01		1.01		-0.08				162.00		165.00		-546.88		-600.75		9.85

				1,200.00		1.02		1.01		-1.76				163.00		164.00		-215.50		-234.92		9.01						1,200.00		1.02		1.01		-1.76				163.00		164.00		-221.69		-241.74		9.04

				1,201.00		1.01		1.01		-0.32				165.00		166.00		-552.38		-607.55		9.99						1,201.00		1.01		1.01		-0.35				165.00		166.00		-552.38		-607.55		9.99

				2,040.00		0.97		0.96		-0.65				167.00		169.00		-27.28		-30.06		10.21						2,040.00		0.97		0.96		-0.65				167.00		169.00		-30.25		-33.47		10.64

				7,001.00		1.05		1.05		0.00				172.00		173.00		24.52		27.10		10.55						7,001.00		1.05		1.05		0.00				172.00		173.00		24.57		27.15		10.51

				7,002.00		1.05		1.05		0.00				172.00		174.00		-32.47		-35.42		9.09						7,002.00		1.05		1.05		0.00				172.00		174.00		-32.46		-35.41		9.09

				7,003.00		1.03		1.03		0.00				173.00		174.00		-55.91		-61.34		9.73						7,003.00		1.03		1.03		0.00				173.00		174.00		-55.97		-61.40		9.71

				7,011.00		1.01		1.01		0.00				173.00		175.00		-27.46		-30.65		11.61						7,011.00		1.01		1.01		0.00				173.00		175.00		-27.38		-30.58		11.66

				7,012.00		1.05		1.05		0.00				173.00		176.00		-56.03		-61.30		9.40						7,012.00		1.05		1.05		0.00				173.00		176.00		-55.99		-61.26		9.41

				7,017.00		1.05		1.05		0.00				175.00		176.00		-58.26		-63.26		8.58						7,017.00		1.05		1.05		0.00				175.00		176.00		-58.26		-63.25		8.58

				7,023.00		1.05		1.05		0.00				175.00		179.00		11.06		11.97		8.18						7,023.00		1.05		1.05		0.00				175.00		179.00		11.10		12.01		8.13

				7,024.00		1.03		1.03		0.00				176.00		177.00		99.15		108.93		9.87						7,024.00		1.03		1.03		0.00				176.00		177.00		99.21		108.99		9.86

				7,039.00		1.05		1.05		0.00				177.00		178.00		152.72		167.67		9.79						7,039.00		1.05		1.05		0.00				177.00		178.00		152.78		167.73		9.79

				7,044.00		1.01		1.01		0.00				178.00		179.00		18.71		20.52		9.62						7,044.00		1.01		1.01		0.00				178.00		179.00		18.72		20.52		9.61

				7,049.00		1.05		1.05		0.00				178.00		180.00		-208.59		-229.88		10.20						7,049.00		1.05		1.05		0.00				178.00		180.00		-208.68		-229.96		10.20

				7,055.00		1.00		1.00		0.00				181.00		138.00		481.31		529.46		10.00						7,055.00		1.00		1.00		0.00				181.00		138.00		481.32		529.46		10.00

				7,057.00		1.02		1.02		0.00				181.00		187.00		-646.79		-711.25		9.97						7,057.00		1.02		1.02		0.00				181.00		187.00		-646.80		-711.26		9.97

				7,061.00		1.01		1.01		0.00				184.00		185.00		-199.04		-218.81		9.93						7,061.00		1.01		1.01		0.00				184.00		185.00		-199.06		-218.83		9.94

				7,062.00		1.00		1.00		0.00				186.00		188.00		667.67		734.94		10.07						7,062.00		1.00		1.00		0.00				186.00		188.00		667.64		734.90		10.07

				7,071.00		0.99		0.99		0.00				187.00		188.00		491.84		541.07		10.01						7,071.00		0.99		0.99		0.00				187.00		188.00		491.83		541.06		10.01

				7,130.00		1.05		1.05		0.00				188.00		138.00		539.78		593.96		10.04						7,130.00		1.05		1.05		0.00				188.00		138.00		539.77		593.95		10.04

				7,139.00		1.05		1.05		0.00				189.00		208.00		17.31		20.29		17.22						7,139.00		1.05		1.05		0.00				189.00		208.00		17.31		20.29		17.20

				7,166.00		1.01		1.01		0.00				189.00		209.00		-8.38		-9.85		17.60						7,166.00		1.01		1.01		0.00				189.00		209.00		-8.38		-9.85		17.58

				9,001.00		1.01		1.01		-0.38				190.00		231.00		528.94		528.94		0.00						9,001.00		1.01		1.01		-0.39				190.00		231.00		528.94		528.94		-0.00

				9,002.00		0.99		0.99		0.00				190.00		240.00		-33.09		-36.40		10.00						9,002.00		0.99		0.99		0.00				190.00		240.00		-33.09		-36.40		10.00

				9,003.00		0.98		0.97		-1.82				191.00		192.00		832.00		915.83		10.08						9,003.00		0.98		0.97		-1.83				191.00		192.00		832.00		915.83		10.08

				9,004.00		0.98		0.96		-1.92				192.00		225.00		9.62		7.45		-22.60						9,004.00		0.98		0.96		-1.93				192.00		225.00		9.62		7.45		-22.60

				9,005.00		1.01		1.01		-0.39				193.00		205.00		28.49		31.98		12.22						9,005.00		1.01		1.01		-0.40				193.00		205.00		28.49		31.97		12.21

				9,006.00		1.00		0.99		-1.41				193.00		208.00		-5.97		-6.34		6.12						9,006.00		1.00		0.99		-1.42				193.00		208.00		-5.97		-6.34		6.14

				9,007.00		0.99		0.98		-1.64				194.00		219.00		124.73		124.68		-0.03						9,007.00		0.99		0.98		-1.65				194.00		219.00		124.72		124.68		-0.03

				9,012.00		1.00		1.00		-0.14				194.00		664.00		-113.33		-113.34		0.00						9,012.00		1.00		1.00		-0.14				194.00		664.00		-113.33		-113.34		0.00

				9,021.00		0.99		0.99		-0.06				195.00		219.00		16.61		16.61		0.01						9,021.00		0.99		0.99		-0.06				195.00		219.00		16.61		16.61		0.00

				9,022.00		0.96		0.96		-0.32				196.00		197.00		-57.72		-64.77		12.21						9,022.00		0.96		0.96		-0.32				196.00		197.00		-57.72		-64.76		12.21

				9,023.00		0.97		0.97		-0.21				196.00		210.00		-13.83		-15.35		10.96						9,023.00		0.97		0.97		-0.21				196.00		210.00		-13.83		-15.35		10.95

				9,024.00		0.97		0.97		-0.26				197.00		198.00		-90.24		-99.04		9.74						9,024.00		0.97		0.97		-0.26				197.00		198.00		-90.24		-99.04		9.74

				9,025.00		0.96		0.96		-0.31				197.00		211.00		-11.06		-13.77		24.55						9,025.00		0.96		0.96		-0.31				197.00		211.00		-11.06		-13.76		24.51

				9,026.00		0.97		0.96		-0.30				198.00		202.00		11.68		12.87		10.21						9,026.00		0.97		0.96		-0.30				198.00		202.00		11.68		12.87		10.21

				9,031.00		0.93		0.91		-2.71				198.00		203.00		73.19		79.78		9.00						9,031.00		0.93		0.91		-2.72				198.00		203.00		73.19		79.78		9.00

				9,032.00		0.94		0.92		-2.46				198.00		210.00		90.49		100.15		10.67						9,032.00		0.94		0.92		-2.48				198.00		210.00		90.49		100.14		10.67

				9,033.00		0.93		0.90		-2.77				198.00		211.00		46.50		50.63		8.89						9,033.00		0.93		0.90		-2.78				198.00		211.00		46.50		50.63		8.90

				9,034.00		1.00		0.98		-1.97				199.00		200.00		-1.27		-1.62		27.69						9,034.00		1.00		0.98		-1.98				199.00		200.00		-1.27		-1.62		27.64

				9,035.00		0.95		0.93		-2.34				199.00		210.00		-33.73		-36.88		9.33						9,035.00		0.95		0.93		-2.36				199.00		210.00		-33.73		-36.88		9.34

				9,036.00		0.96		0.94		-2.20				200.00		210.00		-24.14		-26.26		8.76						9,036.00		0.96		0.94		-2.21				200.00		210.00		-24.14		-26.26		8.76

				9,037.00		0.96		0.94		-2.23				201.00		204.00		3.75		4.33		15.32						9,037.00		0.96		0.94		-2.24				201.00		204.00		3.76		4.33		15.32

				9,038.00		0.94		0.92		-2.56				203.00		211.00		30.71		33.00		7.46						9,038.00		0.94		0.92		-2.57				203.00		211.00		30.71		33.00		7.46

				9,041.00		0.96		0.94		-2.12				204.00		205.00		-29.66		-31.94		7.71						9,041.00		0.96		0.94		-2.13				204.00		205.00		-29.65		-31.94		7.72

				9,042.00		0.95		0.93		-2.33				205.00		206.00		-1.98		-0.98		-50.62						9,042.00		0.95		0.93		-2.35				205.00		206.00		-1.98		-0.98		-50.40

				9,043.00		0.96		0.94		-2.10				206.00		207.00		-9.86		-8.25		-16.36						9,043.00		0.96		0.94		-2.11				206.00		207.00		-9.86		-8.26		-16.26

				9,044.00		0.98		0.96		-1.88				206.00		208.00		-4.15		-5.97		43.74						9,044.00		0.98		0.96		-1.90				206.00		208.00		-4.15		-5.96		43.61

				9,051.00		1.00		1.00		0.00				212.00		215.00		-42.76		-47.97		12.20						9,051.00		1.00		1.00		0.00				212.00		215.00		-42.76		-47.97		12.19

				9,052.00		0.98		0.96		-1.71				213.00		214.00		272.00		299.20		10.00						9,052.00		0.98		0.96		-1.72				213.00		214.00		272.00		299.20		10.00

				9,053.00		1.00		1.00		0.00				214.00		215.00		251.38		275.24		9.49						9,053.00		1.00		1.00		0.00				214.00		215.00		251.38		275.24		9.49

				9,054.00		1.00		1.00		0.00				214.00		242.00		-3.24		-2.49		-23.28						9,054.00		1.00		1.00		0.00				214.00		242.00		-3.24		-2.49		-23.22

				9,055.00		1.00		1.00		0.00				215.00		216.00		160.03		173.64		8.51						9,055.00		1.00		1.00		0.00				215.00		216.00		160.03		173.65		8.51

				9,071.00		0.98		0.96		-1.87				216.00		217.00		-17.17		-21.39		24.57						9,071.00		0.98		0.96		-1.88				216.00		217.00		-17.17		-21.39		24.54

				9,072.00		0.98		0.96		-1.79				217.00		218.00		17.14		18.52		8.10						9,072.00		0.98		0.96		-1.81				217.00		218.00		17.14		18.52		8.10

				9,121.00		0.98		0.98		-0.39				217.00		219.00		-115.90		-130.08		12.23						9,121.00		0.98		0.98		-0.39				217.00		219.00		-115.90		-130.07		12.23

				9,533.00		1.04		1.04		-0.03				217.00		220.00		-18.76		-20.24		7.91						9,533.00		1.04		1.04		-0.03				217.00		220.00		-18.76		-20.24		7.90

														219.00		237.00		-56.49		-56.49		0.00																219.00		237.00		-56.49		-56.49		0.00

														220.00		218.00		32.93		35.49		7.77																220.00		218.00		32.93		35.49		7.77

														220.00		221.00		46.53		52.92		13.75																220.00		221.00		46.53		52.92		13.75

														220.00		238.00		-283.26		-312.19		10.21																220.00		238.00		-283.26		-312.19		10.21

														221.00		223.00		325.50		359.79		10.54																221.00		223.00		325.50		359.79		10.54

														222.00		237.00		-78.00		-85.80		10.00																222.00		237.00		-78.00		-85.80		10.00

														224.00		225.00		-238.91		-256.85		7.51																224.00		225.00		-238.91		-256.85		7.51

														224.00		226.00		-37.14		-45.18		21.62																224.00		226.00		-37.14		-45.18		21.62

														225.00		191.00		-647.31		-710.63		9.78																225.00		191.00		-647.31		-710.63		9.78

														226.00		231.00		-38.01		-46.22		21.59																226.00		231.00		-38.01		-46.22		21.59

														227.00		231.00		-235.00		-258.50		10.00																227.00		231.00		-235.00		-258.50		10.00

														228.00		229.00		-226.12		-247.64		9.52																228.00		229.00		-226.12		-247.64		9.52

														228.00		231.00		5.56		5.33		-4.14																228.00		231.00		5.56		5.33		-4.14

														228.00		234.00		-2.44		-2.99		22.56																228.00		234.00		-2.44		-2.99		22.57

														229.00		190.00		20.85		23.79		14.11																229.00		190.00		20.85		23.79		14.11

														231.00		232.00		552.90		608.26		10.01																231.00		232.00		552.90		608.26		10.01

														231.00		237.00		-452.15		-452.15		-0.00																231.00		237.00		-452.15		-452.15		0.00

														232.00		233.00		104.29		114.72		10.00																232.00		233.00		104.29		114.72		10.00

														234.00		235.00		10.27		12.24		19.17																234.00		235.00		10.27		12.24		19.16

														234.00		237.00		13.11		12.96		-1.13																234.00		237.00		13.11		12.96		-1.13

														235.00		238.00		-258.76		-283.68		9.63																235.00		238.00		-258.76		-283.69		9.63

														241.00		237.00		575.43		632.97		10.00																241.00		237.00		575.43		632.97		10.00

														240.00		281.00		-33.09		-36.40		10.00																240.00		281.00		-33.09		-36.40		10.00

														242.00		245.00		68.25		75.45		10.55																242.00		245.00		68.25		75.45		10.55

														242.00		247.00		98.51		109.06		10.71																242.00		247.00		98.51		109.05		10.70

														243.00		244.00		57.20		62.99		10.13																243.00		244.00		57.20		62.99		10.13

														243.00		245.00		18.80		20.61		9.59																243.00		245.00		18.80		20.61		9.59

														244.00		246.00		56.67		62.35		10.02																244.00		246.00		56.67		62.35		10.02

														245.00		246.00		19.57		21.68		10.79																245.00		246.00		19.57		21.68		10.79

														245.00		247.00		5.84		6.48		11.11																245.00		247.00		5.84		6.48		11.10

														246.00		247.00		-1.63		-1.73		6.21																246.00		247.00		-1.63		-1.73		6.23

														247.00		248.00		40.55		45.25		11.61																247.00		248.00		40.55		45.25		11.61

														248.00		249.00		6.50		7.21		10.95																248.00		249.00		6.50		7.21		10.95

														249.00		250.00		-22.52		-24.71		9.74																249.00		250.00		-22.52		-24.71		9.74

														3.00		1.00		25.05		26.78		6.88																3.00		1.00		25.07		26.73		6.63

														3.00		2.00		-39.93		-46.12		15.49																3.00		2.00		-39.79		-46.13		15.93

														3.00		4.00		710.22		782.74		10.21																3.00		4.00		712.55		787.16		10.47

														7.00		5.00		71.79		78.03		8.69																7.00		5.00		71.88		78.10		8.66

														7.00		6.00		-38.47		-44.59		15.91																7.00		6.00		-38.26		-44.49		16.27

														10.00		11.00		-21.55		-23.83		10.55																10.00		11.00		-21.51		-23.81		10.67

														12.00		10.00		131.45		144.47		9.91																12.00		10.00		131.49		144.49		9.89

														15.00		17.00		241.75		267.22		10.53																15.00		17.00		241.75		267.22		10.53

														16.00		15.00		301.53		338.30		12.19																16.00		15.00		301.77		338.14		12.05

														21.00		20.00		521.19		575.02		10.33																21.00		20.00		521.21		575.04		10.33

														24.00		23.00		63.56		69.36		9.13																24.00		23.00		63.56		69.36		9.13

														36.00		35.00		113.54		128.12		12.84																36.00		35.00		113.54		128.10		12.83

														45.00		44.00		244.03		275.92		13.07																45.00		44.00		244.43		275.93		12.89

														45.00		46.00		-263.33		-295.66		12.27																45.00		46.00		-262.82		-294.76		12.15

														62.00		61.00		72.06		78.58		9.05																62.00		61.00		72.41		78.82		8.85

														63.00		64.00		-190.61		-210.28		10.32																63.00		64.00		-190.69		-210.34		10.30

														73.00		74.00		-264.18		-289.04		9.41																73.00		74.00		-264.20		-289.05		9.41

														81.00		88.00		193.34		229.39		18.65																81.00		88.00		193.29		229.23		18.60

														85.00		99.00		92.54		99.23		7.23																85.00		99.00		92.66		99.25		7.12

														86.00		102.00		37.54		39.74		5.87																86.00		102.00		37.66		39.76		5.59

														87.00		94.00		60.84		65.19		7.16																87.00		94.00		60.99		65.22		6.94

														114.00		207.00		-11.02		-14.73		33.69																114.00		207.00		-11.02		-14.72		33.60

														116.00		124.00		62.84		70.92		12.87																116.00		124.00		62.68		70.69		12.79

														121.00		115.00		52.61		58.85		11.86																121.00		115.00		52.54		58.74		11.81

														122.00		157.00		-209.98		-228.22		8.68																122.00		157.00		-210.16		-228.46		8.71

														130.00		131.00		-47.35		-55.98		18.22																130.00		131.00		-45.92		-53.97		17.54

														130.00		150.00		-94.46		-108.28		14.63																130.00		150.00		-92.64		-105.64		14.04

														132.00		170.00		113.35		124.39		9.74																132.00		170.00		115.66		126.99		9.79

														141.00		174.00		91.79		101.10		10.15																141.00		174.00		91.84		101.15		10.14

														142.00		175.00		157.68		174.76		10.83																142.00		175.00		157.65		174.73		10.83

														143.00		144.00		99.75		97.07		-2.68																143.00		144.00		101.26		98.53		-2.69

														143.00		148.00		207.33		230.55		11.20																143.00		148.00		207.13		230.36		11.22

														145.00		180.00		282.04		311.28		10.37																145.00		180.00		282.13		311.37		10.36

														151.00		170.00		163.98		180.69		10.19																151.00		170.00		161.67		178.09		10.16

														153.00		183.00		85.56		93.84		9.68																153.00		183.00		86.13		94.46		9.68

														155.00		156.00		103.43		114.37		10.57																155.00		156.00		102.84		113.72		10.57

														159.00		117.00		-487.45		-533.30		9.41																159.00		117.00		-487.68		-533.64		9.42

														160.00		124.00		43.28		47.06		8.72																160.00		124.00		43.35		47.15		8.77

														163.00		137.00		215.50		234.92		9.01																163.00		137.00		221.69		241.74		9.04

														164.00		155.00		238.39		262.63		10.17																164.00		155.00		232.07		255.65		10.16

														182.00		139.00		-86.13		-94.31		9.49																182.00		139.00		-86.06		-94.24		9.50

														189.00		210.00		-15.93		-18.14		13.85																189.00		210.00		-15.93		-18.14		13.83

														193.00		196.00		-22.52		-25.64		13.84																193.00		196.00		-22.52		-25.64		13.82

														195.00		212.00		84.83		100.15		18.07																195.00		212.00		84.82		100.12		18.04

														200.00		248.00		-4.13		-5.07		22.72																200.00		248.00		-4.13		-5.07		22.68

														201.00		69.00		-44.75		-49.43		10.45																201.00		69.00		-44.76		-49.43		10.45

														202.00		211.00		-26.77		-29.47		10.09																202.00		211.00		-26.77		-29.47		10.09

														204.00		2,040.00		-38.61		-42.96		11.26																204.00		2,040.00		-38.61		-42.95		11.25

														209.00		198.00		-46.42		-51.70		11.39																209.00		198.00		-46.42		-51.70		11.39

														211.00		212.00		-126.85		-147.19		16.03																211.00		212.00		-126.84		-147.15		16.01

														218.00		219.00		-80.97		-90.13		11.31																218.00		219.00		-80.97		-90.13		11.31

														223.00		224.00		-102.93		-111.57		8.40																223.00		224.00		-102.93		-111.57		8.40

														229.00		230.00		-343.88		-378.14		9.96																229.00		230.00		-343.88		-378.14		9.96

														234.00		236.00		-597.82		-657.39		9.96																234.00		236.00		-597.82		-657.39		9.96

														238.00		239.00		-548.46		-603.14		9.97																238.00		239.00		-548.46		-603.14		9.97

														196.00		2,040.00		39.03		43.48		11.40																196.00		2,040.00		39.03		43.48		11.39

														119.00		1,190.00		100.42		110.47		10.01																119.00		1,190.00		100.42		110.47		10.01

														120.00		1,200.00		-100.00		-110.00		10.00																120.00		1,200.00		-100.00		-110.00		10.00

														7,002.00		2.00		623.00		685.30		10.00																7,002.00		2.00		623.00		685.30		10.00

														7,003.00		3.00		1,210.00		1,331.00		10.00																7,003.00		3.00		1,210.00		1,331.00		10.00

														7,061.00		61.00		400.00		440.00		10.00																7,061.00		61.00		400.00		440.00		10.00

														7,062.00		62.00		400.00		440.00		10.00																7,062.00		62.00		400.00		440.00		10.00

														7,166.00		166.00		553.00		608.30		10.00																7,166.00		166.00		553.00		608.30		10.00

														7,024.00		24.00		410.00		451.00		10.00																7,024.00		24.00		410.00		451.00		10.00

														7,001.00		1.00		467.00		513.70		10.00																7,001.00		1.00		467.00		513.70		10.00

														7,130.00		130.00		1,292.00		1,421.20		10.00																7,130.00		130.00		1,292.00		1,421.20		10.00

														7,011.00		11.00		234.00		257.40		10.00																7,011.00		11.00		234.00		257.40		10.00

														7,023.00		23.00		185.00		203.50		10.00																7,023.00		23.00		185.00		203.50		10.00

														7,049.00		49.00		460.81		483.88		5.01																7,049.00		49.00		455.95		483.75		6.10

														7,139.00		139.00		700.00		770.00		10.00																7,139.00		139.00		700.00		770.00		10.00

														7,012.00		12.00		372.00		409.20		10.00																7,012.00		12.00		372.00		409.20		10.00

														7,017.00		17.00		330.00		363.00		10.00																7,017.00		17.00		330.00		363.00		10.00

														7,039.00		39.00		500.00		550.00		10.00																7,039.00		39.00		500.00		550.00		10.00

														7,057.00		57.00		165.00		181.50		10.00																7,057.00		57.00		165.00		181.50		10.00

														7,044.00		44.00		37.00		40.70		10.00																7,044.00		44.00		37.00		40.70		10.00

														7,055.00		55.00		45.00		49.50		10.00																7,055.00		55.00		45.00		49.50		10.00

														7,071.00		71.00		116.00		127.60		10.00																7,071.00		71.00		116.00		127.60		10.00






Applying Methods to BPA system

= WECC Planning Case 2020 HS (~ 20,000 Buses)

= Subnetwork — 500 kV BPA System

> Buses — 162

> Branches — 196
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Observations

1. Results for observable buses are accurate

2. Results for external system buses and lines have around the same % error as the initial
base case and is proportional to the mismatch between the base case and real-time

solution

3. Contingencies near boundary buses may not give accurate results at the boundary

especially when boundary conditions are different in the base case

4.  Adding more measurements and/or including lower voltage measurements improves the

accuracy of the results

5.  Results with the larger system (300 buses) are in general better than 39 buses

* Electric Power Group e
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Next Steps

= Test with BPA System
> Method 1
> Method 2

= Test Different scenarios for Method 2

> Base case with different loading than real-time scenario
> Base case with different topology in external system

> Base case with different topology in subnetwork S
= Integrate with LSE and run in real-time

= Work on output result displays

* Electric Power Group e
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Area Angle Limit Monitoring

= Monitoring multiple line outages inside an area using synchrophasors

BONNEVILLE
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Area-angle application

= Power flow creates a phase angle

= Higher angles result from
> Higher power flow
> Higher impedance (fewer lines carrying flow)

= Angle can indicate excessive stress or a lost transmission line

» Area angle indicates transmission failure or overloads

Power Power
flow flow
Into out of
area area

BONNEVILLE
POWER ADMINISTRATION

? M NewYorkPower
\ & Authority
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Procedure to monitor the multiple line contingencies

= Different types of areas — Generation, Load and transfer path. The method is tested
on load and transfer path areas.

= Select boundary buses such that they form a cutset (Cutset buses when removed
separate the area from the network).

= Reduction of the area gives the weights at the boundary buses. (weights are scalar
and are related to the impedance of the reduced area).

= Run the single line contingencies to get the thresholds (Offline computations).

= In real time get the PMU measurement of voltage angle at the border buses and
compute the area angle. Compare this area angle with thresholds to monitor the
multiple contingencies.

= The method can monitor multiple line contingencies inside the area but do not
reveal which lines are outaged.

BONNEVILLE

? M NewYork Power
& Authority
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Methodology: Reduction of an Area

= Any area with properly chosen border bus cutset can be reduced to a single line
equivalent.

o 0—
Q

Ma
—>
* Mb b
N I
Area R with Generation outside Equivalent network Single line
Border buses Ma area is replaced with Joining border buses equivalent
and Mb Power injections at And with power
border buses injections

BONNEVILLE
POWER ADMINISTRATION
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Monitoring multiple outages using area angle

into the area
remains constant
after outages

«  Maximum power

1 2 3 1 2 1 that can enter into

the area decreases

pinto lpinto pinto »  The power entering

max nhax max
P P P and area angle
b b b increases
S S * Areaangleisa
1 better indicator of
v L X stress
prax(® — 3pm prad — ppma PI(® = P™* . Thresholds can beI
. - setup on area angle
t into into s
ers(o) . Pm © 0"3(1) — P_ 0I’S(2) — P_ to monitor the
B 3?) 2b b multiple outages
max(2) max (1) max(0)
rs < PFS < PI’S
ers(Z) > Hrs(l) > ers(O)
-4 A A NewYork Power
| e NSTL / < Moty
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Area Selection at BPA

© Electric Power Group 2018. All rights reserved

Area chosen is a part
of BPA system —
Mostly part of Oregon
Single line diagram
has 1377 buses and
1607 lines

Red buses — Northern
part and green buses
are southern part
which form a cutset
Out of 17 border
buses, 12 have PMU
measurements
available, 5 do not.

M NewYorkPower
Authority



Challenges

= Not all the border buses of the cutset have PMUs (12/17)

= Power flowing through the area is small = When a contingency
happens the change in the area angle is small

= Parallel paths have low impedance — When a contingency
happens inside the area, the power flowing through the area is
not the same as in base case.

BONNEVILLE
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Current progress & Next steps

= BPA area setup

= The code for offline computations to setup thresholds has been
optimized to run from few hours to few minutes depending
upon the size of the area

» Choosing a different area to minimize the effect of parallel
paths

= Scaling the power injections such that power flowing through
the area is large to increase the area angle under contingencies

= Minimizing the area angle error due to unavailability of PMUs
at all the border bus cutset — 0 angle vs nearby border buses
where we have PMUs

= Testing the thresholds with live PMU data

\ A NewYork Power
‘ & Authority
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Voltage Stability

= For da transmission corridor

||||||||||||||||||||||
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\/ & Authority

* Electric Power Group °

|35



Transmission Corridor voltage index

= Most VSI applications apply to a
single line or corridor

= This application computes an
stability index across a corridor
that may consist of a number of
lines.

= [t uses PMU measurements at
both ends of the corridor to
compute the voltage across the
corridor

il
A
3
AL AR
* Electric Power Group
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Methodology: Single Line Equivalent for a Transmission Corridor

» The PMU measurements at both
ends of a transmission corridor
are required

= Complex power is computed from
the complex V & | measurements

= Using the complex power through
the system and current flow in
and out of the corridor, the
voltage across the corridor can
be computed

*» The index is simply the voltage
across the system divided by the
load voltage

» Has to be set based on local limits

BONNEVILLE
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Index test case example

COIl Power Flow — using 2023 High Summer Case
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VSI reaction to loss of 2 Palo Verde Units

VSl vs Time Sa 2 Palo Verde Units)
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Loss of 3 Palo Verde Units

26 T
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Loss of PDCI

VSlin %

VSlv VS I .(Loss ufl PDCI)

X:1798 i
Y:22.43

2243

400

600

800 1000
Time Samples

MALIN

540

520

2]

=]

=
I

480 —

Malin Voltage (kV)
E
£
I

g
i

420 —

VOLTAGE

1200

1400 1600 1800

484.1 |

400

* Electric Power Group

600

800 1000
Time Samples

© Electric Power Group 2018. All rights reserved

1200

BONNEVILLE

FOWER ADMENISTRATION

4

1400 1600 1800

M NewYorkPower
Authority



Results Summary

| CaseName _________|Malin Voltage |VSI (%

| Base Case (2023 HS) 535.7 kV
"2 Loss of 2 Palo Verde Units ~ 514.8 kV
=1 Loss of 3 Palo Verde Units ~ 497.3 kv
U Loss of PDCI 484.1 kV

12.81
16.61
19.45
22.43

» As expected, VSI increases with increase in event severity (lower voltages)

» Need to perform offline studies to set thresholds

* Electric Power Group °
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VSl for various loading levels for COI

VSl vs COI Loading
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Next Steps

=Progressively load COl beyond 3808 MW and run VSI for
previous contingencies to find:

»>Voltage Collapse Point

»>Set VSI Threshold for alarming

»\alidate off-line results in VSI Tool

BONNEVILLE
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Current Status & Next Steps

Real time applications prototype, and 1/19/2018 Test cases and test results documents
development and testing

Prototype Demonstration for DoE and 3/16/2018 Demonstration at EPG

all the participants

= Completed algorithm research, proof of concept, and now
move into production application development

= The project is delayed due to the limited PMU coverage
challenge

= |t’s still not late to participate in this project if interested!

BONNEVILLE
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Q&A

Thank You!

Neeraj Nayak
nayak@electricoowergroup.com

Ken Martin Lin Zhang
martin@electricoowergroup.com zhang@electricpowergroup.com

BONNEVILLE

M NewYorkPower
& Authority

* Electric Power Group O




	�DOE Grant Award #DE-OE0000849�
	Acknowledgement and Disclaimer
	Presentation Outline 
	Project Introduction
	Background
	Project Objective
	Technical Merit 
	Participants
	Project approach
	Project data flow  
	Real-time Contingency Analysis (RTCA)
	RTCA Operation
	RTCA development
	Methodology
	Method 1
	Method 1Example - IEEE 39 Test System
	Steps
	Results – Base Case Solution
	Results – Contingency Line 14 -15
	Method 2
	IEEE 300 Bus Test System - Observable Buses
	IEEE 300 Bus Test System - Observable Buses
	Contingency Line 127 - 128
	Results
	Applying Methods to BPA system
	Observations
	Next Steps
	Area Angle Limit Monitoring
	Area-angle application
	Procedure to monitor the multiple line contingencies
	Methodology: Reduction of an Area
	Monitoring multiple outages using area angle
	Area Selection at BPA
	Challenges	
	Current progress & Next steps	
	Voltage Stability 
	Transmission Corridor voltage index
	Methodology: Single Line Equivalent for a Transmission Corridor 
	Index test case example
	VSI reaction to loss of 2 Palo Verde Units
	Loss of 3 Palo Verde Units
	Loss of PDCI
	Results Summary
	VSI for various loading levels for COI
	Next Steps
	Current Status & Next Steps
	Q & A��Thank You!

