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Synchro-Phasor Investment Program 

Executive Summary 
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Section 1: History and Background 
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H57F:2Q2IE$S9QQ$312M965$HF5$G`9Q9HE$H2$455$G:6$OG:GI5$HF5$9:H51O9HH5:H$:GHR15$2J$
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72:H12Q4$H2$GRH2OGH97GQQE$HGW5$721157H9M5$G7H92:4$S9QQ$49I:9J97G:HQE$9:715G45$HF5$15Q9G`9Q9HE$
2J$HF5$9:H5172::57H92:$G:6$4F2RQ6$15Q5G45$QGH5:H$H1G:4O94492:$7G3G79HE$GH$M51E$Q2S$724H<$

$
/F5$312O945$2J$,V>$H57F:2Q2IE$94$FRI5B$HF5$23321HR:9HE$9OO5:45<$0H$94$H9O5$H2$HGW5$G$
49I:9J97G:H$Q5G3$J21SG16$9:$65M5Q239:I$HF5$OE19G6$R454$2J$HF94$H57F:2Q2IE$G:6$4HG:6$2:$
HF5$4F2RQ6514$2J$HF5$1545G17F$G:6$65O2:4H1GH92:$2J$HF5$RH9Q9HEB$I2M51:O5:HB$G:6$
G7G65O97$M9492:G1954$2M51$HF5$3G4H$;=$E5G14$H2$9O3Q5O5:H$G$`5HH51B$O215$JQ5Y9`Q5B$G:6$
O215$1549Q95:H$I196<$

$

1.1 Synchro-Phasor Project Scope 
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1.2 Proposal Organization 
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Figure 1 – Existing and desired phasor measurement units and phasor data 
concentrators in the Western Interconnection 
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Figure 2 – Conceptual phasor communications architecture 
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 Infrastructure Situational 
Awareness 
 
NASPI Class B & C 
Service Level 

Wide Area 
Controls 
 
NASPI Class A 
Service Level 

Model Validation 
 
NASPI Class D 
Service Level 

System Performance 
and Event Analysis 
 
NASPI Class D  
Service Level 

Level 4  *Intelligent alarms 
and grid optimizers 

*Inter-area continuous 
feedback and discrete 
controls 

  

Level 3 * NASPInet Phasor 
Gateway & Data Bus 
proof-of-concept 
demonstrations 

*Alarms that use 
wide-area  
measurements to 
calculate  
system stability 
margins and  
pre-determined 
operator actions  
(voltage instability 
predictor,  
mode meter, etc)  

*Regional "defense in 
depth"  
control systems that 
take  
proportionate actions 
based on  
wide-area 
measurements;  
*Regional continuous 
feedback  
controls  

* Model parameter 
identification  
from real-time data  
 

 

Level 2 *Build out the existing 
network 
*Develop architecture 
for integrating 
Synchro-Phasor 
Network in the control 
centers 
*Implement historical 
archive for synchro-
phasor data 

Phase Angle 
Alarms;          
*Reactive Reserve 
Alarms     
*Wind Generation 
State Awareness 
 

*Regional controls that 
take pre-  
determined discrete 
actions  
based on wide-area  
measurements;               
*Arming existing RAS 
based on  
wide-area 
measurements;  
*Reactive power 
management  
controls  

*Processes and 
tools for  
system-wide model 
validation in  
time and frequency 
domain  
 

*Tools for data mining and 
data  
management  
 *Processes and  
tools for using synchronized  
phasor measurements for  
system performance 
analysis  
(e.g. oscillation damping, 
mode  
shapes, participation factors)  
 

Level 1 *Upgrade the existing 
Synchro-Phasor 
Network 

*Trending high-
speed wide-area  
measurements - 
frequency,  
voltages, path 
flows, and phase  
angles  
 

*Research benefits 
and  
feasibility of wide-area 
control  
applications  
 

*Processes and 
tools for  
equipment model 
verification  
(power plants, 
including wind,  
HVDC systems, 
SVCs, etc)  

*Processes and tools for 
using synchronized wide-
area data for disturbance 
event analysis            
*Compliance with NERC  
Disturbance Monitoring  
Standard PRC-002  
 

 INFRASTRUCTURE REAL-TIME OFF-LINE 

$
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Section 2: Guiding Principles 
$
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$
!$-QQ2S$GQQ$15Q9G`9Q9HE$5:H9H954$HFGH$J2QQ2S$^5651GQ$":51IE$)5IRQGH21E$#2OO94492:$
T^")#U$%HG:6G164$2J$#2:6R7H$H2$FGM5$G77544$H2$GQQ$GMG9QG`Q5$,V>$6GHG$4R`[57H$
H2$'N-$154H197H9:I$HF5$R45$2J$HF5$6GHG$H2$2351GH9:I$35142::5Q<$#2:M5145QEB$G445H$
2S:514$S9QQ$312M965$3FG421$6GHG$H2$15Q9G`9Q9HE$35142::5Q$SF2$:556$9H$H2$7G11E$2RH$
HF591$15432:49`9Q9H954<$

$
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$
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Section 3: Project Specific Elements and Background 
$

/F5$457H92:$654719`54$G$3QG:$H2$O2M5$J12O$HF5$5Y94H9:I$1545G17F$:5HS21W$H2$G$457R15B$
15Q9G`Q5B$3126R7H92:+I1G65$4E:7F12+3FG421$:5HS21W$HFGH$S9QQ$312M965$HF5$J2R:6GH92:$J21$
15GQ+H9O5$G33Q97GH92:4$4R7F$G4$49HRGH92:GQ$GSG15:544$G:6$49HRGH92:GQ$72:H12Q4<$$$

3.1 Challenges and Opportunities Moving Forward  

$$
/F5$5Y94H9:I$4E:7F12+3FG421$:5HS21W$94$M95S56$G4$G$1545G17F+I1G65$4E4H5O$HFGH$94$
4R9HG`Q5$319OG19QE$J21$2JJ+Q9:5$G33Q97GH92:4$4R7F$G4$4E4H5O$351J21OG:75$G:GQE494B$
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O265Q$MGQ96GH92:B$G:6$312H2HE39:I$2J$1545G17F$965G4<$/F5$:5HS21W$6254$:2H$
7R115:HQE$O55H$15Q9G`9Q9HE$G:6$7E`51+457R19HE$15aR915O5:H4$2J$15GQ+H9O5$G33Q97GH92:4$
4R7F$G4$15GQ+H9O5$72:H12Q4$G:6$49HRGH92:GQ$GSG15:544<$0H$94$:2H$[R4H9J9G`Q5$H2$72:H9:R5$
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G$3126R7H92:+I1G65$4E4H5O$7G3G`Q5$2J$4R3321H9:I$15GQ+H9O5$G33Q97GH92:4<$$
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3.2 Task 1: Infrastructure Improvement, Network Expansion, and Data 

Management 

$$
Regulatory Issues$$
$$
'21HF$-O5197G:$"Q57H197$)5Q9G`9Q9HE$#21321GH92:e4$T'")#U$,)#+==C$%HG:6G16$S9QQ$
15aR915$OG:E$5:H9H954$H2$9:715G45$HF5$:RO`51$2J$N94HR1`G:75$NGHG$)57216514$2:$
HF591$4E4H5O4B$G$JR:7H92:$Q9W5QE$H2$`5$O5H$`E$HF5$9:4HGQQGH92:$2J$,V>4<$/2$15OG9:$
72O3Q9G:H$S9HF$OG:6GH21E$15Q9G`9Q9HE$4HG:6G164$G4$HF5E$5M2QM5B$G$ORQH9+E5G1$,V>$
653Q2EO5:H$3QG:$OR4H$`5$65M5Q2356$9:6535:65:H$2J$HF94$JR:69:I$23321HR:9HE$$
$$
Technology$$
$$
)5Q9G`9Q9HE$2J$HF5$5Y94H9:I$4E:7F12+3FG421$:5HS21W$FG4$`55:$2:5$2J$HF5$OG[21$
15G42:4$J21$HF5$4Q2S$3G75$2J$4E:7F12+3FG421$G623H92:$J21$15GQ+H9O5$G33Q97GH92:4<$
NGHG$6123+2RH4$G15$J15aR5:H$J12O$W5E$Q27GH92:4B$3G1H97RQG1QE$J12O$9:H51+RH9Q9HE$6GHG$
5Y7FG:I54<$/F5$JG9QR154$G15$O24HQE$GHH19`RH56$H2$HF5$1G692$72OOR:97GH92:4$R456$
S9HF$219I9:GQ$,V>$9:4HGQQGH92:4$O215$HFG:$;=$E5G14$GI2<$$
 
Phasor Measurement Units$$
$$
,FG421$V5G4R15O5:H$>:9H$H57F:2Q2IE$FG4$15G7F56$G$OGHR15$4HGH5<$/F515$G15$G$
:RO`51$2J$QG1I5$15QGE$OG:RJG7HR1514$HFGH$2JJ51$72OO5179GQ+I1G65$,V>4<$0:4H9HRH5$
2J$"Q57H197GQ$G:6$"Q57H12:97$":I9:5514$T0"""U$4HG:6G164$G15$65M5Q2356$H2$72M51$
,V>$4H5G6E$4HGH5$351J21OG:75$G:6$9:H51+2351G`9Q9HEB$G:6$15aR915O5:H4$FGM5$`55:$
JR1HF51$5Y3G:656$H2$72M51$,V>$6E:GO97$351J21OG:75<$NR5$H2$G$MG195HE$2J$,V>$
J9QH51$45HH9:I4B$HF5$312[57H$9:H5:64$H2$H54H$G:6$751H9JE$,V>4$`5J215$HF5E$G15$9:4HGQQ56$
9:$HF5$J95Q6<$$
$$
VG:E$S54H51:$RH9Q9H954$:556$H2$4HG1H$G$153QG75O5:H$312I1GO$J21$OG:E$2J$HF591$
219I9:GQ$,V>4<$/F545$R:9H4$G15$:2$Q2:I51$4R3321H56$`E$M5:6214$G:6$G15$:2:+
72O3Q9G:H$S9HF$0"""$#;A<@@L$9:H51+2351G`9Q9HE$4HG:6G164$G:6$6E:GO97$351J21OG:75$
15aR915O5:H4<$)53QG75O5:H$S9QQ$`5$GQ42$G775Q51GH56$`E$72O3Q9G:75$S9HF$HF5$'")#$
,)#+==C$4HG:6G16<$$

$
Phasor Data Concentrators and Data Management$$
$$
#2OO5179GQ$,FG421$NGHG$#2:75:H1GH214$T,N#U$G15$GQ42$GMG9QG`Q5$H2$5:G`Q5$
4E:7F12+3FG421$:5HS21W4<$!"##$O5O`514$G15$H54H9:I$G:6$5MGQRGH9:I$45M51GQ$
72OO5179GQ$,N#4<$Z2HF$G$F951G17F97GQ$G:6$694H19`RH56$G17F9H57HR15$2J$,N#4$:5564$
H2$`5$5MGQRGH56<$!9HF$FRI5$M2QRO54$2J$4E:7F12+3FG421$6GHG$G:H9793GH56B$6GHG$
OG:GI5O5:H$H22Q4$G15$G$319219HE$2J$HF94$312[57H<$iRGQ9HE$2J$%51M975$Ti2%U$G:6$
351J21OG:75$2J$HF5$4E:7F12+3FG421$:5HS21W$:5564$H2$`5$O2:9H2156$G:6$4HGH94H974$
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OG65$GMG9QG`Q5$2:$:5HS21W$GMG9QG`9Q9HEB$49I:GQ$QGH5:7EB$G:6$6GHG$61232RH4<$/F5$
)5Q9G`9Q9HE$#22169:GH214$S9QQ$351J21O$HF5$%E:7F12+,FG421$'5HS21W$O2:9H219:I$
JR:7H92:<$$
$$
Historical Data Archive and Access Management 
$
#R115:HQE$S9HF9:$!"##B$5G7F$2J$HF5$O5O`51$RH9Q9H954$G17F9M54$6GHG$HFGH$94$Q27GQQE$
72QQ57H56$HF12RIF$HF591$2S:$9:H1G+RH9Q9HE$3FG421$:5HS21W<$/F5$O24H$72OO2:$
O57FG:94O$J21$HF94$94$R49:I$72:H9IR2R4$J9M5+O9:RH5$`9:G1E$J9Q54$9:$HF5$,FG421^9Q5$
J21OGH<$/F5$3127544$J21$4FG19:I$9:H1G+RH9Q9HE$6GHG$J9Q54$6R19:I$G$OG[21$694HR1`G:75$94$
G$OG:RGQ$3127544$G:6$94$62:5$HF12RIF$G$457R15$^/,$49H5<$#2OO5179GQ$
H57F:2Q2I954$FGM5$OGHR156$4RJJ9795:HQE$H2$9O3Q5O5:H$G:$GRH2OGH56$!"##+S965$
6GHG$G17F9MGQ$G:6$G77544$OG:GI5O5:H$4E4H5O$HFGH$S9QQ$I15GHQE$4H15GOQ9:5$HF5$
G17F9MGQ$G:6$6GHG$O9:9:I$3127544$9:$4R3321H$2J$2JJ+Q9:5$G33Q97GH92:4<$
$
Telecommunications$$
$$
V24H$2J$HF5$6GHG$61232RH$944R54$G15$15QGH56$H2$G:GQ2I$72OOR:97GH92:4$R456$S9HF$
5G1QE$,V>$9:4HGQQGH92:4<$V24H$5:H9H954$FGM5$O2M56B$21$G15$O2M9:I$H2B$G$69I9HGQ$
72OOR:97GH92:4$9:J1G4H1R7HR15$HFGH$7G:$`5HH51$4R3321H$,V>$:5HS21W9:I<$N9I9HGQ$
72OOR:97GH92:4B$OG9:QE$J9`51+23H974B$S9QQ$`5$R456$S9HF$G$3126R7H92:+I1G65$
4E:7F12+3FG421$:5HS21W<$/F5$:5564$J21$G669H92:GQ$J9`51$S9QQ$`5$965:H9J956<$$
$$
Inter-Utility Data Exchange$$
$$
>H9Q9H954B$9:6535:65:H$4E4H5O$2351GH214B$G:6$15Q9G`9Q9HE$722169:GH214$[29:HQE$2351GH5$
HF5$9:H5172::57H92:$G:6$:556$H2$5Y7FG:I5$15GQ+H9O5$4E:7F12+3FG421$6GHG$S9HF$HF591$
9:H5172::57H56$3G1H:514<$/F94$312324GQ$9:7QR654$G:$9:H51+RH9Q9HE$4E:7F12+3FG421$6GHG$
5Y7FG:I5$:5HS21W$H2$5:G`Q5$S965+G15G$49HRGH92:GQ$GSG15:544$G33Q97GH92:4<$/F5$
N*"$FG4$G$1545G17F$312[57HB$'-%,0:5HB$HFGH$OGE$JG79Q9HGH5$4R7F$6GHG$5Y7FG:I5<$
'-%,0:5H$94$4H9QQ$G$1545G17F$312[57H$G:6$9H$94$:2H$7Q5G1$SF5HF51$9H$S9QQ$`5$4R9HG`Q5$J21$
15GQ+H9O5$G33Q97GH92:4$9:$HF5$H9O5J1GO5$2J$HF94$312324GQ$T65Q9M51G`Q54$9:$HS2$H2$J9M5$
E5G14U<$
$
(2S5M51B$!"##$9:H5:64$H2$9:7QR65$'-%,0:5H$9:$HF5$7R115:H$312324GQ$G4$G$39Q2H$2J$
'-%,0e4$:5SQE$65M5Q2356$43579J97GH92:4B$G:6$S9QQ$3QG:$J21$O9I1GH92:$H2$'-%,0:5H$9:$
HF5$JRHR15$G4$9H4$65M5Q23O5:H$OGHR154<$0:$HF5$O5G:H9O5B$69157H$,N#+H2+,N#$
72OOR:97GH92:4$G15$32449`Q5$G:6$7R115:HQE$R456$J21$HF5$9:H51+RH9Q9HE$6GHG$5Y7FG:I5<$$
$$
)5Q9G`9Q9HE$2J$72OOR:97GH92:4$15OG9:4$HF5$OG[21$944R5$`57GR45$2J$HF5$R45$2J$
G:GQ2I$1G6924<$0O312M5O5:H$2J$HF5$H5Q572OOR:97GH92:$9:J1G4H1R7HR15$94$:55656$H2$
9O312M5$HF5$aRGQ9HE$G:6$15Q9G`9Q9HE$2J$6GHG$5Y7FG:I5<$$
$
Integration of Synchro-Phasor Information into Existing Business Practices 
$
/F5$9:H5I1GH92:$2J$,V>+I5:51GH56$9:J21OGH92:$9:H2$5Y94H9:I$`R49:544$31G7H9754$94$
719H97GQ$H2$HF5$9O3Q5O5:HGH92:$2J$4E:7F12+3FG421$G33Q97GH92:4<$/F94$7G:$2:QE$`5$
G772O3Q94F56$`E$G$!"##+S965$H1G9:9:I$15aR915O5:H$H2$56R7GH5$72:H12Q$75:H51$
35142::5Q$2:$HF5$R45$2J$HF5$9:J21OGH92:$9:$2351GH92:4$G:6$HF5$65M5Q23O5:H$2J$HF5$
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4HG:6G16$2351GH9:I$312756R154$J21$HF5$R45$2J$HF5$6GHG<$/F94$S9QQ$15aR915$c`G45Q9:9:Id$
2J$HF5$:21OGQ$2351GH92:4$2J$HF5$!"##$I196<$

$
Summary of Task 1: 
 
Task 1a: Upgrade the Existing Network – >3I1G65$HF5$5Y94H9:I$4E:7F12+3FG421$

:5HS21W$l$3FG421$O5G4R15O5:H$R:9H4$T,V>UB$3FG421$6GHG$
72:75:H1GH214$T,N#UB$G:6$H5Q572OOR:97GH92:4$l$H2$G$3126R7H92:+I1G65$
4E4H5O$7G3G`Q5$2J$O55H9:I$7E`51+457R19HE$15aR915O5:H4$G:6$HF5$
15Q9G`9Q9HE$G:6$GMG9QG`9Q9HE$:5564$2J$15GQ+H9O5$72:H12Q4$G:6$49HRGH92:GQ$
GSG15:544$G33Q97GH92:4<$

$
Task 1b: Build Out the Existing Network – ZR9Q6$2RH$HF5$5Y94H9:I$:5HS21W$`E$

G669:I$,V>4$G:6$H5Q572OOR:97GH92:4$H2$4R3321H$HF5$G7aR949H92:$G:6$
5Y7FG:I5$2J$:55656$6GHG$GH$49H54$S9HF9:$HF5$9:H5172::57H92:<$

$$
Task 1c: Integrate Synchro-Phasor Information – 0:H5I1GH5$4E:7F12+3FG421$

9:J21OGH92:$9:H2$72:H12Q$75:H51$2351GH92:4$`E$715GH9:I$G:$5:M912:O5:H$
HFGH$GQQ2S4$65M5Q23O5:HB$312H2HE39:IB$G:6$653Q2EO5:H$2J$4E:7F12+
3FG421$G33Q97GH92:4<$/F94$4F2RQ6$9:7QR65$H1G9:9:I$2:$HF5$R:6514HG:69:I$
G:6$R45$2J$4E:7F12+3FG421$G33Q97GH92:4$J21$2351GH214B$G:6$2351GH92:4$
G:6$3QG::9:I$5:I9:5514<$

$ 
Task 1d: Implement Historical Archive and Access Management System – 

0O3Q5O5:H$G:$5:6+H2+5:6$3FG421$6GHG$G17F9MGQ$G:6$G77544$
OG:GI5O5:H$4E4H5O$S9HF9:$!"##$S9HF$72:J9IR1GH92:B$G6O9:94H1GH92:B$
156R:6G:7EB$G:6$H1R4H$OG:GI5O5:H$O57FG:94O4$9:$3QG75<$

$
Task 1e: NASPInet Phasor Gateway and Data Bus Pilot$b$#2:6R7H$3122J+2J+

72:753H$J95Q6$65O2:4H1GH92:4$2:$MG192R4$G4357H4$2J$HF5$'-%,0:5H$
G17F9H57HR15$G:6$9H4$JR:7H92:GQ$72O32:5:H4$T:GO9:I$72:M5:H92:B$
G449I:O5:H$G:6$5:J2175O5:H$3127544B$65M975$15I94H1GH92:B$R36GH5$G:6$
15O2MGQ$O57FG:94OB$51121$Q2II9:IB$7E`51$457R19HE$7G3G`9Q9HEB$5H7<U<$

$

3.3 Task 2: Implementation of Synchro-Phasor Situational Awareness 

Applications across WECC 

$$
*M51$HF5$E5G14B$G$49I:9J97G:H$GO2R:H$2J$1545G17F$FG4$`55:$62:5$2:$F2S$
4E:7F12:9\56B$S965+G15G$O5G4R15O5:H4$72RQ6$9O312M5$32S51$4E4H5O$2351GH92:4$
G:6$15Q5G45$QGH5:H$H1G:4O94492:$7G3G79HE$J21$72OO5179GQ$R45<$-$QG1I5$:RO`51$2J$
4E:7F12+3FG421$G33Q97GH92:4$FGM5$`55:$6947R4456$G:6$G15$:2S$S5QQ$R:6514H226<$
/F5$GMG9QG`9Q9HE$2J$12`R4H$69I9HGQ$72OOR:97GH92:4$G:6$4GH5QQ9H5+4E:7F12:9\56$
H1G:46R7514$O5G:4$HF5$H9O5$94$19IFH$J21$9O3Q5O5:HGH92:$2J$MG192R4$15GQ+H9O5$
72:H12Q4B$49HRGH92:GQ$GSG15:544B$G:6$4E4H5O$351J21OG:75$G:GQE494$G33Q97GH92:4<$
$
%E:7F12:9\56$S965+G15G$O5G4R15O5:H4$G15$5Y357H56$H2$61GOGH97GQQE$9O312M5$
2351GH21e4$49HRGH92:GQ$GSG15:544$G4$65O2:4H1GH56$`E$HF5$.G:RG1E$C_B$C==L$5M5:H$
654719`56$5G1Q951<$0:$G669H92:B$QG1I5$47GQ5$9:H5I1GH92:$2J$15:5SG`Q5$1542R1754$S9QQ$
31545:H$G$:5S$7FGQQ5:I5$H2$HF5$4E4H5O$2351GH214<$0:9H9GQ$2351GH92:GQ$5Y35195:75$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$@A$2J$KL$

4F2S4$HFGH$QG1I5$G:6$JG4H$7FG:I54$9:$S9:6$I5:51GH92:$7G:$`5$5Y357H56B$4R7F$G4$K=$
35175:H$1GO39:I$2J$HF5$S9:6$I5:51GH92:$JQ55H$9:$HF5$,G79J97$'21HFS54H$S9HF9:$G:$
F2R1B$G:6$9:69M96RGQ$312[57H4$G4$OR7F$G4$@==$35175:H$1GO39:I$9:$@=$O9:RH54<$
*351GH214$:556$15GQ+H9O5$H22Q4$H2$G:H9793GH5$G:6$15G7H$H2$HF5$JG4H$7FG:I54$9:$
I5:51GH92:$3GHH51:4<$$
$$
0H$94$R45JRQ$H2$453G1GH5$6943GH7F51$H22Q4$J12O$HF245$R456$`E$2351GH92:4$5:I9:5519:I$
4HGJJ<$N943GH7F51$H22Q4$G15$O215$G7H92:+619M5:B$SF9Q5$HF5$5:I9:5519:I$4HGJJ$H22Q4$7G:$
9:7QR65$7G3G`9Q9H954$J21$O215$9:+653HF$4E4H5O$351J21OG:75$21$5M5:H$G:GQE494<$$$
$$

A. Implement trending of real-time measurements 

$$
,12M969:I$2351GH214$G$72:H9:R2R4$H15:6$2J$W5E$32S51$4E4H5O$O5G4R15O5:H4$
TH15:69:I$H22Q4U$94$HF5$J914H$5445:H9GQ$G33Q97GH92:<$$

$$
1. Trending Interconnection Frequency 

 
/F5$GM51GI5$J15aR5:7E$94$HF5$4GO5$GH$G:E$329:H$9:$G:$9:H5172::57H92:<$%E4H5O$
J15aR5:7E$94$G:$9:697GH21$2J$4E4H5O$9:H5I19HE<$ZR4$J15aR5:7954$G15$15Q9G`Q5$
9:697GH214$2J$32S51$4E4H5O$94QG:64$G:6$4E4H5O$453G1GH92:$329:H4<$$
$$
^15aR5:7E$9:J21OGH92:$94$GQ42$M51E$9O321HG:H$6R19:I$HF5$`QG7W4HG1H$G:6$4E4H5O$
154H21GH92:$J2QQ2S9:I$`15GW+R34B$G4$65O2:4H1GH56$`E$":H51IEe4$5Y35195:75$
J2QQ2S9:I$FR1197G:5$]R4HGM<$$$
$$
^15aR5:7E$94$G$I15GH$9:697GH21$2J$HF5$I5:51GH92:$G:6$Q2G6$2RHGI54$9:$HF5$
9:H5172::57H92:<$,V>$J15aR5:7E$3Q2H4$312M965$G$I226$9:697GH92:$2J$Q24H$
I5:51GH92:<$$
$
-$J15aR5:7E$6123$2J$=<@$(\$94$HE397GQ$9:$!"##$J21$L==$V!$2J$I5:51GH92:$Q244<$
-Q42B$HF5$3123GIGH92:$2J$HF5$J15aR5:7E$6123$7G:$9:697GH5$SF515$HF5$I5:51GH92:$
6123$277R1156<$$
$$
^15aR5:7E$69JJ515:75$7G:$GQ42$`5$G$I226$9:697GH21$2J$9:H51+G15G$2479QQGH92:4<$
$
!"##$31232454$72:H9:R2R4$H15:69:I$2J$J15aR5:7954$GH$HF5$J2QQ2S9:I$Q27GH92:4$9:$
HF5$!54H51:$0:H5172::57H92:P$$

$
!$ -H$Q5G4H$HS2$J15aR5:7E$O2:9H219:I$49H54$S9HF9:$5G7F$32H5:H9GQ$94QG:6$
!$ "Q$,G42$
!$ #2Q21G62B$S9HF9:$,R`Q97$%51M975$2J$#*j!54H51:$-15G$,2S51$-6O9:94H1GH92:$

4E4H5O4$
!$ *15I2:j!G4F9:IH2:$
!$ 06GF2$
!$ #GQ9J21:9GB$:21HF$G:6$42RHF$2J$,GHF$@K$
!$ "G4H$2J$)9M51$
!$ ,F25:9Y$
!$ !54H51:$V2:HG:G$
!$ Z19H94F$#2QRO`9G$
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!$ -Q`51HG<$
$$
-QQ$H15:64$S9QQ$FGM5$G$J9Y56$47GQ5$J12O$KD<DK$H2$_=<=K$(\<$/F5$6943QGE$J1GO5$S9QQ$
`5$cI155:d$G4$Q2:I$G4$HF5$4E4H5O$J15aR5:7E$94$S9HF9:$1G:I5<$!F5:$G:E$J15aR5:7E$
O2M54$2RH4965$HF5$Q9O9H4B$G:$GRH247GQ5$JR:7H92:$94$5:G`Q56$G:6$HF5$6943QGE$J1GO5$
S9QQ$HR1:$H2$c156<d$-:$2351GH21$7G:$2M511965$HF5$GRH247GQ5$JR:7H92:<$$
$$
-$J15aR5:7E$H15:6$2J$J9M5$O9:RH54$94$G65aRGH5$J21$M949`9Q9HE$2J$4E4H5O$I2M51:21$
15432:45<$-$4F21H51$J15aR5:7E$H15:6$2J$;=$4572:64$94$:55656$J21$2479QQGH92:$
M949`9Q9HE<$$^15aR5:7E$H15:69:I$94$15G6E$J21$653Q2EO5:H<$$

$$
2.  Trending System Voltages at Key Load Center and Bulk Transmission 

Busses  
$$

!$ ?2S$M2QHGI54$G15$9:697GH214$2J$Q2S$15G7H9M5$4R3321H<$0J$15I92:GQ$M2QHGI54$G15$
2RH$2J$:21OGQ$Q9O9H4B$HF5$2351GH214$7G:$9:451H$4FR:H$7G3G79H214$H2$9O312M5$
15G7H9M5$4R3321H<$$

$
!$ *479QQGH92:4$7G:$GQ42$`5$2`451M56$9:$M2QHGI54<$$

$
!$ /F5$6943QGE$J1GO5$S9QQ$15OG9:$cI155:d$G4$Q2:I$G4$M2QHGI54$4HGE$S9HF9:$HF5$
72115432:69:I$Q9O9H4<$!F5:$HF5$M2QHGI5$O2M54$2RH4965$HF5$Q9O9H4B$G:$
GRH247GQ5$JR:7H92:$S9QQ$`5$5:G`Q56$G:6$HF5$6943QGE$J1GO5$HR1:56$c156<d$-:$
2351GH21$S9QQ$FGM5$G:$23H92:$H2$694G`Q5$HF5$GRH247GQ5$JR:7H92:$G:6$15HR1:$H2$
HF5$315+45H$Q9O9H4<$$

$
!$ ?2:I+H51O$M2QHGI5$H15:6$6R1GH92:$94$2:5$F2R1<$?2:I+H51O$M2QHGI5$H15:6$94$

GQ15G6E$312M9656$`E$%#-N-<$%F21H+H51O$M2QHGI5$H15:6$6R1GH92:$94$2:5$
O9:RH5<$/F5$:556$J21$4F21H+H51O$M2QHGI5$H15:64$:5564$H2$`5$72:4965156$
JR1HF51<$$

$
!$ 0J$HF5$,V>$61234$6GHGB$HF5$15321H56$M2QHGI5$94$\512$G:6$7G:$7GR45$JGQ45$
GQG1O$G:6$3Q2H$GRH247GQ5<$/F5$M2QHGI5$6943QGE$OR4H$FGM5$G:$9:H5QQ9I5:H$315+
312754421$H2$1572I:9\5$HF5$6GHG$6123+2RH4<$$

$
!$ 82QHGI5$H15:69:I$94$15G6E$J21$HF5$312H2HE39:I$3FG45<$$

$$
3. Trending of Path Loading 
$$

!$ )5GQ$G:6$15G7H9M5$32S51$JQ2S4$2:$HF5$OG[21$3GHF4$7R115:HQE$O2:9H2156$`E$HF5$
)5Q9G`9Q9HE$#22169:GH214$S9QQ$`5$H15:656<$

$
!$ ,GHF$JQ2S4$G15$M51E$45:49H9M5$H2$6GHG$6123+2RH4B$3G1H97RQG1QE$9J$45M51GQ$Q9:5+
JQ2S4$HFGH$OGW5$R3$G$H1G:4J51$3GHF$G15$G6656<$NGHG$15Q9G`9Q9HE$S9QQ$`5$
5MGQRGH56$G:6$156R:6G:H$O5G4R15O5:H4$OGE$`5$:55656$J21$W5E$3GHF4<$
Z5:5J9H4$2J$`15GW51$4HGHR4$9:J21OGH92:$S9QQ$`5$72:4965156<$$

$
!$ ,GHF$JQ2S$9:J21OGH92:$312M9654$9O321HG:H$9:J21OGH92:$15IG169:I$32S51$
2479QQGH92:4<$-$4F21H+H51O$T;=$4572:6U$3Q2H$OGE$`5$R456$S9HF$HF5$Q2:I+H51O$
3GHF$JQ2S$H15:6<$$
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$
!$ ,GHF$H15:69:I$94$2:5$2J$HF5$F9IF54H$319219HE$312[57H$5Q5O5:H4<$$

$$
4. Trending of phase angles  
 
!$ ,FG45$-:IQ54$`5HS55:$OG[21$Q2G6$75:H514$G:6$I5:51GH92:$49H54$S9QQ$`5$
H15:656$G:6$3FG45$G:IQ5$69JJ515:754$O2:9H2156<$/F5$31232456$49H54$72:494H$
2J$VGQ9:$T#GQ9J21:9G+*15I2:$Z21651UB$]1G:6$#2RQ55B$,GQ2$85165B$^2R1$
#21:514B$OG[21$Q2G6$75:H514B$G:6$I5:51GH92:$75:H514<$
$

!$ )5QGH9M5$3FG45$G:IQ54$G15$M51E$45:49H9M5$H2$6GHG$6123+2RH4<$/F94$312`Q5O$SG4$
2:5$2J$HF5$15G42:4$HF5$,FG45$-:IQ5$-QG1O$SG4$69472::57H56$9:$42O5$72:H12Q$
75:H514<$NGHG$15Q9G`9Q9HE$:5564$H2$`5$5MGQRGH56$G:6$156R:6G:H$O5G4R15O5:H4$
OGE$`5$:55656$J21$W5E$3GHF4<$$
$

!$ ,FG45$G:IQ5$Q9O9H4$OR4H$`5$GQ42$312M9656$S9HF$HF5$H15:69:I$H22Q<$$
$

!$ ,FG45$G:IQ5$H15:69:I$94$G$F9IF+319219HE$312[57H$5Q5O5:H<$$
$

5. Trending oscillation energy  
$$
!$ /F5$5:51IE$2J$32S51$2479QQGH92:4$9:697GH54$SF5HF51$G:$2479QQGH92:$94$I12S9:I$21$
694493GH9:I<$-:E$`R9Q6+R3$9:$5:51IE$49I:GQ4$2479QQGH21E$G7H9M9HE$7G:$GQ51H$G:$
2351GH21$H2$7F57W$S9HF$HF5$2HF51$9:697GH214$654719`56$G`2M5<$$$
$

!$ *479QQGH92:$5:51IE$3Q2H4$G15$1572OO5:656$J21P$$
$

o$ '21HF+%2RHF$2479QQGH92:$$
o$ V2:HG:G+'21HFS54H$2479QQGH92:$
o$ N5451H$%2RHFS54H$b$%2RHF51:$#GQ9J21:9G$
o$ -Q`51HG$
o$ m5OG:2$TZ19H94F$#2QRO`9GU$

$
*479QQGH92:$5:51IE$H15:69:I$94$G$F9IF+319219HE$312[57H$5Q5O5:H<$$
$$
B. Implement Synchro-Phasor Based Alarming$$
$$
1. Phase Angle Displays and Alarms 
$
/F5$MGQR5$2J$15QGH9M5$3FG45$G:IQ5$9:J21OGH92:$`57GO5$2`M92R4$6R19:I$G:GQE494$2J$
HF5$-RIR4H$@=B$@DD_$2RHGI5<$-4$HF5$G:IRQG1$453G1GH92:$`5HS55:$]1G:6$#2RQ55$
G:6$VGQ9:$SG4$9:715G49:IB$HF5$6GO39:I$2J$HF5$2479QQGH92:$SG4$65715G49:I<$,FG45$
G:IQ5$9:J21OGH92:B$9J$GMG9QG`Q5B$72RQ6$FGM5$F5Q356$315M5:H$HF5$-RIR4H$@XB$C==;$
"G4H$#2G4H$`QG7W2RH<$
$$
%HR6954$2J$694HR1`G:754$FGM5$4F2S:$HFGH$15QGH9M5$3FG45$G:IQ54$9:$HF5$!54H$
4H12:IQE$72115QGH5$S9HF$2M51GQQ$4E4H5O$4H1544$G:6$HF5$4E4H5O$4R4753H9`9Q9HE$H2$
9:H51+G15G$2479QQGH92:4<$!F5:$3FG45$G:IQ54$5Y7556$719H97GQ$Q9O9H4B$2351GH214$S9QQ$`5$
31545:H56$23H92:4$H2$9:715G45$15G7H9M5$32S51$15451M54B$9:451H$451954$7G3G79H214B$
21$156R75$3GHF$JQ2S4<$$
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$$
/F5$4GO5$G:IQ54$965:H9J956$9:$@+6$S9QQ$H2$`5$O2:9H2156$G:6$GQG1O56<$
$$
2. Phase Angle Baselining  
$$
%HR6954$S9QQ$`5$351J21O56$H2$312M965$`G45Q9:54$J21$HF5$3FG45$G:IQ54<$-$HS2+4H53$
G3312G7F$S9QQ$`5$R456<$^914Hg$F94H2197$3FG45$G:IQ5$6GHG$S9QQ$`5$R456$H2$72115QGH5$
4E4H5O$351J21OG:75$H2$HF5$O5G4R156$G:IRQG1$453G1GH92:<$%572:6g$32S51$4E4H5O$
49ORQGH92:4$S9QQ$`5$62:5$H2$315697H$F2S$4E4H5O$351J21OG:75$15QGH54$H2$HF5$3FG45$
G:IQ54$R:651$QG1I5$694HR1`G:75$5M5:H4<$,FG45$G:IQ5$GQG1O$45HH9:I4$S9QQ$`5$
31232456$`G456$2:$HF5$4HR6954<$/F94$5JJ21H$94$7R115:HQE$4R3321H56$`E$'-%,0<$
$$
,FG45+G:IQ5$GQG1O9:I$94$G$F9IF+319219HE$312[57H$5Q5O5:H<$
$$
C. Implement Reactive Reserve Monitors  
$
/F545$GQG1O4$S9QQ$3127544$15GQ+H9O5$6GHG$H2$GQ51H$6943GH7F514$SF5:$4E4H5O$
4HG`9Q9HE$94$GH$194W<$
$
VG:E$3G1H4$2J$HF5$!"##$H1G:4O94492:$4E4H5O$G15$M2QHGI5+4HG`9Q9HE$Q9O9H56B$G:6$
M2QHGI5$72QQG345$7G:$FG335:$M51E$aR97WQE$9J$4HG`9Q9HE$Q9O9H4$G15$15G7F56<$82QHGI5$
9:4HG`9Q9HE$277R14$SF5:$59HF51$HF5$4E4H5O$FG4$9:G65aRGH5$15G7H9M5$15451M54B$21$
HF5$H1G:4O94492:$4E4H5O$7G::2H$65Q9M51$15G7H9M5$32S51$J12O$HF5$42R175$H2$SF515$
9H$94$:55656<$$$
$$
@<$82QHGI5$0:4HG`9Q9HE$,15697H92:$$
$$
"G1QE$9:697GH92:$2J$M2QHGI5$9:4HG`9Q9HE$MRQ:51G`9Q9HE$S2RQ6$`5$G:$9O321HG:H$
2351GH92:GQ$H22Q$G:6$7G:$`5$3G1H9GQQE$G66154456$`E$15G7H9M5$15451M5$O2:9H214$G:6$
M2QHGI5$9:4HG`9Q9HE$315697H214<$
$$
Reactive Reserve Monitors  
$$
"G1QE$65H57H92:$2J$M2QHGI5$9:4HG`9Q9HE$MRQ:51G`9Q9HE$94$G:$9O321HG:H$2351GH92:GQ$H22Q$
G:6$7G:$`5$3G1H9GQQE$G66154456$`E$15G7H9M5$15451M5$O2:9H214$G:6$M2QHGI5$
9:4HG`9Q9HE$315697H214<$
$
%E:7F12:2R4$I5:51GH214$T2351GH9:I$9:$M2QHGI5$72:H12Q$O265U$G:6$4HGH97$8-)$
72O35:4GH214$312M965$319OG1E$15G7H9M5$32S51$15451M54$9:$HF5$9:H5172::57H92:<$
-3312319GH5$GQG1O4$S9QQ$`5$45H$SF5:$HF5$15G7H9M5$15451M54$G15$Q2S<$#21157H9M5$
G7H92:4$9:7QR65$653Q2E9:I$4E:7F12:2R4$72:65:4514B$G669:I$4FR:H$7G3G79H214B$
15aR54H9:I$G669H92:GQ$15G7H9M5$4R3321H$J12O$HF5$I5:51GH92:$JQ55HB$G:6$156R79:I$
JQ2S4$2:$H1G:4J51$3GHF4<$$
$
!9HF$1G396$35:5H1GH92:$2J$S9:6+HR1`9:5$I5:51GH92:B$15G7H9M5$15451M54$
O5G4R15O5:H$FG4$`572O5$G$7FGQQ5:I5<$-669H92:GQ$4E:7F12+3FG421$
O5G4R15O5:H4$GH$S9:6$49H54$94$:57544G1E$G:6$9:J1G4H1R7HR15$S9QQ$`5$G6656$H2$
5:4R15$4E4H5O$2351GH214$W:2S$F2S$OR7F$15451M5$94$319OG1E$G:6$F2S$OR7F$94$
4572:6G1EB$G4$S5QQ$G4$H2$5:4R15$HF5$65Q9M51G`9Q9HE$2J$HF5$15451M54$6R19:I$G$
694HR1`G:75<$$
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$
N5H51O9:GH92:$2J$15aR9156$15G7H9M5$4R33QE$312M969:I$M2QHGI5$4R3321H$H2$OG[21$
O5H12$G15G4$G:6$H1G:4O94492:$3GHF4$9:$HF5$!54H$S9QQ$`5$G772O3Q94F56$G4$S5QQ$G4$
65H51O9:GH92:$2J$HF5$GQG1O$HF154F2Q64$SF5:$15G7H9M5$15451M54$`572O5$Q2S<$
$

Implement Voltage Instability Predictors  
$$
V5HF264$FGM5$`55:$1545G17F56$H2$R45$S965+G15G$O5G4R15O5:H4$H2$65H51O9:5$
SF5HF51$G$H1G:4O94492:$72119621$94$G65aRGH5$H2$312M965$15G7H9M5$4R3321H$H2$G$Q2G6$
75:H51<$/F5$O5HF264$:556$H2$`5$15M95S56$G:6$G33Q956$H2$HF5$J2QQ2S9:I$OG[21$Q2G6$
75:H514P$%5GHHQ5B$,21HQG:6B$%G:$^1G:79472$ZGE$-15GB$?-$ZG49:B$,F25:9YB$N5:M51B$
G:6$-Q`RaR51aR5<$$
$
)575:H$2351GH92:GQ$944R54$S9HF$M2QHGI5$72:H12Q$2J$S9:6$32S51$3QG:H4$OGW5$HF5$
9O3Q5O5:HGH92:$2J$M2QHGI5$4HG`9Q9HE$9:697GH214$3G1H97RQG1QE$719H97GQB$49:75$!"##$
7G::2H$15QE$2:$O265Q4$H2$G:H9793GH5$4R7F$2351GH92:GQ$944R54<$
$
/F5$J2QQ2S9:I$S9QQ$`5$G772O3Q94F56P$
$
GU$ 2`451MG`9Q9HE$b$45H4$2J$4E:7F12:9\56$O5G4R15O5:H4$H2$65H57H$HF5$M2QHGI5$

4HG`9Q9HE$Q9O9H4$
`U$ GQI219HFO$b$F2S$H2$H1G:4QGH5$HF545$O5G4R15O5:H4$9:H2$9:J21OGH92:$
7U$ 72:H12QQG`9Q9HE$b$F2S$HF5$9:J21OGH92:$94$H1G:4QGH56$9:H2$2351GH21$G7H92:4$$$

$
$
C<$0O3Q5O5:H$*479QQGH92:$N5H57H92:$-QG1O$$
$$
*479QQGH92:$65H57H92:$O5HF264$7GQ7RQGH5$HF5$6GO39:I$2J$G$19:I+62S:$6R19:I$G$
4E4H5O$694HR1`G:75<$/F5$O5HF26$SG4$351J57H56$`E$N1<$.2F:$(GR51$2M51$HF5$3G4H$
C=$E5G14$G:6$R456$5YH5:49M5QE$J21$2JJ+Q9:5$G:GQE494$2J$32S51$2479QQGH92:4<$$
$$
Z,-$TZ9QQ$V9HH5Q4HG6HU$722169:GH54$5JJ21H4$9:$HF5$G15G$2J$2479QQGH92:$6GO39:I$
G:GQE494<$/F5$H5GO$9:7QR654$V2:HG:G$/57F$>:9M5149HEB$,G79J97$'21HFS54H$'GH92:GQ$
?G`21GH21EB$!G4F9:IH2:$%HGH5$>:9M5149HEB$"Q57H197$,2S51$]12R3$G:6$>:9M5149HE$2J$
!E2O9:I<$/F5$N*"B$Z,-B$G:6$#GQ9J21:9G$":51IE$#2OO94492:$JR:6$G$321HJ2Q92$2J$
312[57H4<$$
$
*479QQGH92:$NGO39:I$-QG1O4$G15$F9IF+319219HE$5Q5O5:H4$2J$HF94$312[57H<$$
$$
;<$0O3Q5O5:H$V265$V5H51$$
$$
V265$O5H514$312O945$H2$312M965$5G1QE$65H57H92:$2J$6GO39:I$9:$HF5$4E4H5O<$-4$G:$
5YGO3Q5B$4E4H5O$4HR6954$4F2S$HFGH$4E4H5O$6GO39:I$65715G454$`E$J2R1$35175:H$
6R19:I$G$43579J97$45M515$72:H9:I5:7E<$0H$S2RQ6$`5$:57544G1E$H2$OG9:HG9:$HF5$
:21OGQ$4E4H5O$6GO39:I$F9IF51$HFG:$J2R1$35175:H$GH$GQQ$H9O54$H2$312H57H$J21$HF94$
72:H9:I5:7E<$V265$O5H514$O5G4R15$:21OGQ$4E4H5O$6GO39:I$J12O$cGO`95:Hd$
6GHG<$/F94$94B$F2S5M51B$G$M51E$7FGQQ5:I9:I$49I:GQ$31275449:I$312`Q5O$G4$HF5$
49I:GQ+H2+:2945$1GH92$94$M51E$Q2S<$$
$
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G-=262=!T950I?:;0!T-029'-3!V->95-095@B$V2:HG:G$/57FB$>:9M5149HE$2J$!E2O9:IB$
G:6$Z,-$G15$9:$3127544$2J$H54H9:I$O265$O5H51$GQI219HFO4$J21$3126R7H92:$
653Q2EO5:H<$$
$
V265$O5H514$G15$M51E$GHH1G7H9M5$c5G1QE$SG1:9:Id$H22Q4<$*479QQGH92:$5:51IE$S9QQ$`5$
R456$H2$65H51O9:5$SF5:$5:51IE$94$4RJJ9795:H$H2$G7H9MGH5$HF5$O265$O5H51<$
$

Situational Awareness Application Integration 
$
^9IR154$C$G:6$;$4F2S$9:H5I1GH92:$2J$HF5$49HRGH92:GQ$GSG15:544$G33Q97GH92:4$
$
)5Q9G`9Q9HE$5:H9H954$72QQ57H$4E:7F12+3FG421$6GHG$9:$HF591$,FG421$NGHG$
#2:75:H1GH214<$/F5$6GHG$94$12QQ56$R3$H2$HF5$%R351$NGHG$#2:75:H1GH214$GH$!"##$
)#*4<$/F5$4E:7F12:9\56$6GHG$94$3G4456$H2$HF5$c-33Q97GH92:d$QGE51$SF97F$F24H4$
G33Q97GH92:4$965:H9J956$G`2M5$TH15:69:I$H22Q4B$3FG45$G:IQ5$GQG1O4B$15G7H9M5$
15451M5$GQG1O4B$M2QHGI5$4HG`9Q9HE$9:697GH214B$O265$O5H51U<$-33Q97GH92:4$S9QQ$45:6$
9:J21OGH92:B$9:7QR69:I$GQG1O4B$H2$HF5$c894RGQ9\GH92:d$QGE51$154969:I$S9HF9:$HF5$"V%<$
/F5$2351GH92:GQ$9:J21OGH92:$7G:$`5$4FG156$`E$!"##$GO2:I$2HF51$ZGQG:79:I$
-RHF219H954$G:6$H1G:4O94492:$2S:514$S9HF9:$!"##<$-:$9:69M96RGQ$RH9Q9HE$T>H9Q9HE$-$
9:$HF5$J9IR15U$7G:$653Q2E$HF545$72OO2:$G33Q97GH92:4$H2$IG9:$572:2O954$2J$47GQ5<$
>:9aR5$G33Q97GH92:4$72RQ6$GQ42$`5$653Q2E56$RH9Q9\9:I$72OO2:$M94RGQ9\GH92:$H22Q4<$

$



^9IR15$;P$0:H5I1GH92:$2J$%9HRGH92:GQ$-SG15:544$-33Q97GH92:4$
$

,N#

-33Q97GH92:4

"V%

Data

Data / Information

,N#

"V%

4,N#

-33Q97GH92:4

"V%

Data / Information

Data Data

Data

>H9Q9HE$Z

Information Information

>H9Q9HE$-

!"##$)#

$
$
)94W4$H2$V9H9IGH5$J21$%9HRGH92:GQ$-SG15:544$/22Q4$$
$
/F5$194W4$H2$O9H9IGH5$J21$49HRGH92:GQ$GSG15:544$H22Q4$JGQQ$9:H2$HF155$G15G4P$:5HS21W$
G17F9H57HR15B$G33Q97GH92:4B$G:6$312[57H$OG:GI5O5:H<$%3579J97GQQEB$HF245$194W4$G15P$
$
'5HS21W$-17F9H57HR15P$$
$

!$ *M51GQQ$%E:7F12+,FG421$'5HS21W$15Q9G`9Q9HE$G:6$GMG9QG`9Q9HE<$$
!$ ,V>$6GHG$61232RH4<$NGHG$c4G:9HE$7F57W4d$S9QQ$`5$65M5Q2356$H2$5:4R15$HFGH$

,V>$6GHG$94$71569`Q5<$$
!$ ,V>$7GQ9`1GH92:$G:6$OG9:H5:G:75<$$

$
-33Q97GH92:4P$
$$

!$ N5M5Q2356$G33Q97GH92:4$G:6$6943QGE4$OR4H$`5$9:J21OGH9M5$G:6$G7H92:G`Q5$J21$
4E4H5O$2351GH214$G:6$15Q9G`9Q9HE$722169:GH214<$$

!$ N5M5Q2356$H22Q4$OGE$FGM5$312`Q5O4$S9HF$6GHG$31275449:I$GQI219HFO4$G:6$
312M965$O94Q5G69:I$9:J21OGH92:<$'R94G:75$GQG1O4$S2RQ6$5M5:HRGQQE$Q5G6$H2$
Q244$2J$71569`9Q9HE<$$

$$
,12[57H$VG:GI5O5:HP$$
$

!$ /F5$G`9Q9HE$H2$9::2MGH5$OR4H$:2H$5Y7556$HF5$7G3G79HE$H2$OG:GI5<$0H$94$
9O351GH9M5$H2$3127556$GH$G:$GII15449M5$`RH$O5G4R156$3G75$S9HF$4HGI5$
IGH5$5:J2175O5:H<$$

$

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$C;$2J$KL$
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Summary of Task 2: 
 

Task 2a: Implement trending measurements$9:7QR69:I$J15aR5:7EB$M2QHGI54B$
3FG45$G:IQ54B$3GHF$JQ2S4B$G:6$2479QQGH92:$5:51IE<$

Task 2b:$ Implement synchro-phasor based alarming$2:$3FG45$G:IQ54B$
15G7H9M5$15451M54B$G:6$2479QQGH92:$5:51IE<$

Task 2c:$ Implement displays and alarms on advanced metrics$TM2QHGI5$
9:4HG`9Q9HE$315697H21B$O265$O5H51B$5H7<U$G:6$315+65H51O9:56$2351GH21$
G7H92:4<$

$
/F5$43579J97$65Q9M51G`Q54$3QG::56$G4$3G1H$2J$/G4W$C$G15$Q94H56$`5Q2SP$
$

@<$ WECC-wide area reliability monitoring function$b$Q27GH56$GH$
15Q9G`9Q9HE$722169:GH21$Q27GH92:4$T!"##$,FG421$V2:9H219:I$#5:H51U<$

$
C<$ WECC-wide area situational awareness and visualization for the 

entire interconnection$b$72OO2:$9:H5172::57H92:$Q5M5Q$6943QGE4$J21$
)5Q9G`9Q9HE$#22169:GH214B$ZGQG:79:I$-RHF219H954B$G:6$/1G:4O94492:$
*S:514<$%9HRGH92:GQ$-SG15:544$H22Q4$9:7QR69:I$G7H92:G`Q5$2:+Q9:5$H22Q4$
J21$15GQ+H9O5$FROG:$2351GH92:$2J$HF5$32S51$4E4H5O$H2$9:7QR65$H15:69:I$
9:J21OGH92:$2:$J15aR5:7EB$3FG45$G:IQ5B$15G7H9M5$15451M54B$W5E$3GHF$
JQ2S4B$G:6$2479QQGH92:$5:51IE$S9HF$G3312319GH5$GQG1O9:I$H2$J27R4$HF5$
2351GH21e4$GHH5:H92:<$

$

3.4 Task 3: Implementation of Regional Control Schemes Using Synchro-

Phasor Data. 

$$
!965+G15G$4E:7F12:9\56$O5G4R15O5:H4$S9QQ$312M965$G$J2R:6GH92:$J21$HF5$:5YH$
I5:51GH92:$2J$15GQ+H9O5$72:H12Q4<$%HG`9Q9HE$72:H12Q4$2JH5:$JG75$HS2$72:JQ97H9:I$
15aR915O5:H4P$15Q9G`9Q9HE$G:6$45Q57H9M9HE<$0H$94$65491G`Q5$H2$HGW5$G7H92:4$5G1QE$SF5:$
:55656$T15Q9G`9Q9HEU$G:6$H2$GM296$HGW9:I$G7H92:4$SF5:$HF5E$G15$R::57544G1E$21$
65H19O5:HGQ$T45Q57H9M9HEU<$"Y35195:75$4F2S4$HFGH$R49:I$Q27GQ$O5G4R15O5:H4$GQ2:5$
OGE$:2H$G7F95M5$HF5$15aR9156$`GQG:75$`5HS55:$15Q9G`9Q9HE$G:6$45Q57H9M9HE<$!965+G15G$
O5G4R15O5:H4$312M965$`5HH51$2`451MG`9Q9HE$2J$HF5$4E4H5O$4HGH5$G:6$RQH9OGH5QE$Q5G6$
H2$`5HH51$72:H12Q$6579492:4<$$
$$
!F5:$6947R449:I$32S51$4E4H5O$72:H12Q4B$9H$94$R45JRQ$H2$61GS$G$694H9:7H92:$`5HS55:$
319OG1E$G:6$4572:6G1E$72:H12Q4<$/F5$319OG1E$72:H12Q$G7H92:4$G15$HGW5:$9:$4R`+
4572:6$H9O5$J1GO54$H2$5:4R15$HFGH$HF5$4E4H5O$4R1M9M54$G$45M515$694HR1`G:75<$/F5$
4572:6G1E$72:H12Q$G7H92:4$G15$HGW5:$S9HF9:$45M51GQ$O9:RH54$H2$F5Q3$4E4H5O$1572M51E$
G:6$3249H92:$HF5$4E4H5O$`54H$H2$S9HF4HG:6$HF5$:5YH$694HR1`G:75<$VG:E$2J$HF5$!54He4$
694HR1`G:754$G15$M51E$45M515$G:6$319OG1E$72:H12Q$G7H92:4$G15$2JH5:$:57544G1E$J21$
4E4H5O$4HG`9Q9\GH92:<$/2$15Q5G45$QGH5:H$H1G:4O94492:$7G3G79HEB$319OG1E$72:H12Q$
G7H92:4$S9QQ$`5$O215$315MGQ5:H$G:6$4E:7F12+3FG421$G33Q97GH92:4$S9QQ$`5$HF5$2:QE$
O5G:4$H2$HGW5$HF5O<$
$$
-:2HF51$72:H12Q$694H9:7H92:$94$`5HS55:$694715H5$15O569GQ$G7H92:$47F5O5$4S9H7F9:I$
G7H92:4$T72:H12Q$45H+329:H$G7H9MGH92:U$G:6$72:H9:R2R4$J556`G7W$72:H12Q4<$!"##$
5Y357H4$HFGH$694715H5$72:H12Q4$7G:$`5$9O3Q5O5:H56$J914HB$S9HF$J556`G7W$72:H12Q4$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$CK$2J$KL$

J2QQ2S9:I$HF515GJH51<$!F9Q5$J556`G7W$72:H12Q4$G15$O215$72O3Q5Y$HF591$`5:5J9H$94$GQ42$
I15GH51$9:$H51O4$2J$5:FG:756$I196$7G3G`9Q9HE<$$
$$
A.$Research Benefits and Feasibility of Wide-Area Control Applications 
$
/F5$!54H$FG4$5YH5:49M5$5Y351H945$G:6$5Y35195:75$9:$6549I:9:IB$9O3Q5O5:H9:IB$G:6$
2351GH9:I$72O3Q5Y$)5O569GQ$-7H92:$%7F5O54$T)-%U<$-$MG4H$OG[219HE$2J$5Y94H9:I$
)-%$G15$5M5:H+619M5:<$(2S5M51B$5M5:H+619M5:$)-%$62$:2H$312H57H$GIG9:4H$
694HR1`G:754$9:9H9GH56$`E$5YH51:GQ$5M5:H4B$:21$G15$HF5E$5JJ57H9M5$J21$65GQ9:I$S9HF$
72O3Q5Y$5M5:H4<$'")#$5M5:H$G:GQE494$15321H4$329:H$H2$9:715G49:I$694HR1`G:75$
72O3Q5Y9HE<$"M5:H+619M5:$)-%$FGM5$GQ42$`55:$W:2S:$J21$5Y75449M5$G:6$
R::57544G1E$2351GH92:4<$$
$$
"G1QE$1545G17F$FG4$4F2S:$HF5$`5:5J9H4$2J$JG4H+15G7H9M5$4S9H7F9:I$G:6$I5:51GH21$
612339:I$J21$9O312M9:I$#GQ9J21:9G+*15I2:$0:H51H95$T#*0U$H1G:495:H$4HG`9Q9HE<$)575:H$
M2QHGI5$G:6$H1G:495:H$4HG`9Q9HE$4HR6954$FGM5$`55:$72:6R7H56$H2$aRG:H9JE$HF5$`5:5J9H4$
2J$15432:45+`G456$JG4H+15G7H9M5$4S9H7F9:I$2J$4FR:H$7G3G79H214<$$
$$
B.$Implement Regional Controls That Take Pre-determined Discrete Actions 
Based on Wide-area Measurements 
$
@<$%572:6G1E$82QHGI5$#2:H12Q4$$
$
%E:7F12:2R4$I5:51GH214$T9:$M2QHGI5$72:H12Q$O265U$G:6$%HGH97$8-)$#2O35:4GH214$
T%8#U$312M965$15G7H9M5$32S51$15451M54$HFGH$7G:$`5$653Q2E56$6R19:I$694HR1`G:754<$$
$$
C<$!9:6$%9H5$82QHGI5$#2:H12Q4$$
$
*:+Q9:5$S9:6$I5:51GH9:I$7G3G79HE$94$9:715G49:I$aR97WQE$G:6$HF5$!54H$S94F54$H2$5G45$
HF94$H1G:49H92:$9:$4R3321H$2J$15:5SG`Q5$I5:51GH92:<$0H$94$719H97GQ$H2$5:4R15$HFGH$
153QG79:I$72:M5:H92:GQ$I5:51GH92:$S9HF$S9:6$6254$:2H$65I1G65$I196$15Q9G`9Q9HE<$$
$
82QHGI5$72:H12Q$94$2:5$G15G$2J$3G1H97RQG1$72:751:$%E:7F12:2R4$I5:51GH214$7R115:HQE$
312M965$319OG1E$M2QHGI5$15432:45$6R19:I$I196$694HR1`G:754<$/F5$G`9Q9HE$2J$S9:6$
32S51$3QG:H4$H2$312M965$15G7H9M5$32S51$4R3321H$6535:64$2:$HF5$S9:6$I5:51GH92:$
H57F:2Q2IE$R456<$/F5$5G1Q951$S9:6+HR1`9:5$I5:51GH214$S515$9:6R7H92:$I5:51GH214$
G:6$FG6$:2$15G7H9M5$7G3G`9Q9HE<$%R33Q5O5:HG1E$15G7H9M5$72:H12Q4$4R7F$G4$4S9H7F56$
7G3G79H214$G:6$6E:GO97$8-)$65M9754$G15$15aR9156$J21$M2QHGI5$4R3321H<$'5S51$
H57F:2Q2I954B$4R7F$G4$62R`QE+J56$G4E:7F12:2R4$I5:51GH214$G:6$JRQQ+72:M51H51$
9:H51JG75$I5:51GH214B$G15$7G3G`Q5$2J$15G7H9M5$32S51$72:H12Q$G:6$7G:$312M965$M2QHGI5$
72:H12QB$9J$G3312319GH5$72:H12Q$4E4H5O4$G15$9:4HGQQ56<$$
$$
!54H51:$0:H5172::57H92:$15Q9G`9Q9HE$4HG:6G164$15aR915$HFGH$I5:51GH214$S9HF$
-RH2OGH97$82QHGI5$)5IRQGH214$T-8)U$`5$9:$M2QHGI5$72:H12Q$O265$H2$312M965$15G7H9M5$
4R3321H<$(2S5M51B$H9O5$4E:7F12:9\56$O5G4R15O5:H4$GH$S9:6$3QG:H4$G15$:55656$H2$
W:2S$HF5$aRG:H9HE$2J$15G7H9M5$15451M54$4R33Q956<$)5G7H9M5$32S51$65Q9M51G`9Q9HE$94$
G:2HF51$944R5$H2$`5$1542QM56<$NR5$H2$HF5$694H19`RH56$:GHR15$2J$S9:6$32S51$3QG:H4B$
M2QHGI5$1945$9:$HF5$72QQ57H21$4E4H5O$OGE$315M5:H$S9:6$HR1`9:5$I5:51GH214$J12O$
312M969:I$JRQQ$15G7H9M5$4R3321H<$>:Q9W5$72:M5:H92:GQ$I5:51GH214B$S9:6$I5:51GH214$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$C_$2J$KL$

FGM5$M91HRGQQE$:2$4F21H+H51O$2M51Q2G6$7G3G`9Q9H954B$G$JR:7H92:$HFGH$OGE$`5$:55656$H2$
312M965$M2QHGI5$4R3321H$6R19:I$45M515$H1G:495:H$4S9:I4<$
$
%HR6954$S9QQ$`5$62:5$H2$65H51O9:5$HF5$319OG1E$G:6$H2HGQ$15G7H9M5$32S51$
15aR915O5:H4$J21$S9:6$32S51$3QG:H4<$#22169:GH56$72:H12Q$2J$S9:6$32S51$3QG:H4$OGE$
`5$:55656$H2$23H9O9\5$GMG9QG`9Q9HE$2J$15G7H9M5$15451M54$G:6$H2$5:4R15$4HG`Q5$
15G7H9M5$32S51$4FG19:I$GO2:I$9:69M96RGQ$S9:6$32S51$R:9H4<$
$
,FG421$V5G4R15O5:H$>:9H4$S9QQ$`5$9:4HGQQ56$GH$S9:6$JG79Q9H954$H2$157216$4R`4HGH92:$
M2QHGI5$G:6$4R`4HGH92:$H1G:4J21O51$7R115:H<$$
$$
$
;<$,19OG1E$/1G:495:H$%HG`9Q9HE$#2:H12Q$
$$
/F5$Z2::5M9QQ5$,2S51$-6O9:94H1GH92:$TZ,-U$FG4$65M5Q2356$G$15432:45+`G456$
72:H12QQ51$HFGH$G1O4$G$JG4H+15G7H9M5$4S9H7F9:I$47F5O5$SF5:$G$45M515$M2QHGI5$4S9:I$
94$65H57H56<$!965+G15G$M2QHGI5$O5G4R15O5:H4$G:6$HS2$R:72115QGH56$GQI219HFO4$G15$
15aR9156$H2$OGW5$HF5$72:H12Q$6579492:4<$!965+G15G$O5G4R15O5:H4$G15$:55656$H2$
5:4R15$`2HF$JG4H$72:H12Q$G7H9MGH92:$G:6$45Q57H9M5$2351GH92:<$$
$$
Z,-e4$H1G:495:H$72:H12QQ51$94$9:$9H4$9O3Q5O5:HGH92:$3FG45<$/F94$312[57H$G:H9793GH54$
G669H92:GQ$72:H12Q$653Q2EO5:H$9:$HF5$!54H<$$
$
$
X<$"aR9Q9`19RO$%HGH5$#2:H12Q 
$
"aR9Q9`19RO$%HGH5$#2:H12Q$T"%#U$G4$R456$F515$94$H2$G44R15$HFGH$HF5$4E4H5O$FG4$G$
4HG`Q5$5aR9Q9`19RO$THG1I5H$4HGH5U$H2$15HR1:$H2$J2QQ2S9:I$G$694HR1`G:75$5M5:H<$/F5$
O215$457R15$HF5$HG1I5H$4HGH5B$HF5$O215$Q9W5QE$HF5$4E4H5O$2479QQGH92:$S9QQ$`5$6GO356$
G:6$HF5$Q544$4H12:I$2479QQGH92:$72:H12Q$S9QQ$`5$:55656<$0:$5JJ57HB$HF5$:5HS21W$G:6$
H1G:4J51$65OG:64$G15$`12RIFH$9:H2$`GQG:75$H2$G44R15$HFGH$HF515$94$G$4HG`Q5$
5aR9Q9`19RO$T32S51$JQ2SU$72:69H92:<$$
$
#2OO2:$J21O4$2J$"%#$R456$H26GE$9:7QR65$HF5$^21H$)27W$%51954$#G3G79H21$
9:451H92:$J21$Q244$2J$G$3G1GQQ5Q$Q9:5B$G:6$I5:51GH21$H19339:I$J21$Q244$2J$HS2$#*0$Q9:54<$
/F94$94$O24H$72OO2:QE$H15GH56$G4$G$3G1H$2J$HF5$)-%<$"aR9Q9`19RO$%HGH5$#2:H12Q$OGE$
`5$R456$H2$15`GQG:75$JQ2S$GO2:I$G$45H$2J$Q9:54$T451954$7G3G79H21$G33Q97GH92:U$21$H2$
156R75$HF5$JQ2S$G71244$G$S5GW5:56$H1G:4O94492:$3GHF$TI5:51GH21$H19339:I$J21$#*0UB$
G:6$94$I5:51GQQE$9:$HF5$J21O$2J$G$2:5+H9O5$694715H5$T4S9H7F56U$G7H92:<$$
$
0:697GH214$2J$:556$J21$72:H12Q$G7H92:$9:7QR65P$
!$ V5G4R156$3FG45$G:IQ54$`5HS55:$G15G4$21$`R454$T`5E2:6$R:6514H226$Q9O9H4U$$
!$ V5G4R156$Q9:5$21$3GHF$JQ2S$G`2M5$R:6514H226$Q9O9H4$T:2O2I1GO4U$
!$ N5M5Q239:I$G:IQ5$9:4HG`9Q9HE$T9:715G49:I$G:IQ5$G:6$72QQG349:I$M2QHGI5U$
$

-4$G:$5YGO3Q5B$HF94$312[57H$31232454$9:451H92:$2J$HF5$^21H$)27W$451954$7G3G79H214$
G:6$VGQ9:$%R`4HGH92:$4FR:H$7G3G79H214$J21$G$QG1I5$'!j%!$G:IQ5<$/F94$72RQ6$`5$HF5$
154RQH$2J$G$65M5Q239:I$694HR1`G:75$HFGH$S5GW5:56$HF5$4E4H5O$`RH$S2RQ6$:2H$`5$
397W56$R3$`E$:21OGQ$)-%$72:H12Q$JR:7H92:4<$*HF51$G33Q97GH92:4$S9HF9:$HF5$
9:H5172::57H92:$G15$G:H9793GH56<$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$CA$2J$KL$

$
C:$Implement Regional Continuous Feedback Controls!
$
/F5$5M51$9:715G49:I$72O3Q5Y9HE$2J$I196$694HR1`G:754$15aR9154$65M5Q239:I$c65J5:45$
9:$653HFd$72:H12Q$4E4H5O4$HFGH$312H57H$HF5$I196e4$4HG`9Q9HE$J21$HF5$1G15$`RH$6941R3H9M5$
5M5:H4<$$$
$$
@<$)5I92:GQ$82QHGI5$%HG`9Q9HE$#2:H12Q4$
$$
82QHGI5$4HG`9Q9HE$2J$QG1I5$O5H1232Q9HG:$G15G4$HFGH$OGW5$R3$HF5$9:H5172::57H92:e4$
Q2G6$75:H514$FG4$`55:$GHH1G7H9:I$:5S$GHH5:H92:$1575:HQE<$-6MG:754$9:$Q2G6$O265Q9:I$
4RII54H$HFGH$7FG:I54$9:$Q2G6$72O3249H92:$J12O$15494H9M5$H2$5Q57H12:97$G:6$9:6R7H9M5$
O2H21$Q2G6$1531545:H$:5S$15Q9G`9Q9HE$194W4<$'2$:5S$I5:51GH92:$94$3QG::56$:5G1$Q2G6$
75:H514B$H2$312M965$M2QHGI5$4R3321H<$!9:6$I5:51GH92:$94$15O2H5$G:6$9H4$G`9Q9HE$H2$
312M965$G:6$65Q9M51$15G7H9M5$4R3321H$OGE$:2H$`5$G4$JQ5Y9`Q5$G:6$G`R:6G:H$G4$HFGH$
312M9656$`E$H1G69H92:GQ$1542R1754$S9HF$49I:9J97G:H$OG44<$!9:6$I5:51GH92:$OGE$
153QG75$G:E$15OG9:9:I$HF51OGQ$I5:51GH92:$G12R:6$Q2G6$75:H514<$%ROO51$4HR6954$
9:697GH5$HFGH$QG1I5$Q2G6$75:H514$G15$4R4753H9`Q5$H2$^GRQH+0:6R756$N5QGE56$82QHGI5$
)572M51E<$/F5$O54F56$H1G:4O94492:$G:6$4R`+H1G:4O94492:$:5HS21W$715GH54$G$3GHF$
J21$S965$3123GIGH92:$2J$4R7F$G$694HR1`G:75$9:$HF5$I196<$$
$$
)5I92:GQ$M2QHGI5$4HG`9Q9HE$72:H12Q4$S9QQ$5:72O3G44$`2HF$319OG1E$G:6$4572:6G1E$
72:H12Q$H9O5+J1GO54<$/F5$4572:6G1E$72:H12Q$S9QQ$G6[R4H$G:6$3249H92:$HF5$4E4H5O$H2$
OGY9O9\5$HF5$72:H12QQG`9Q9HE$G:6$GMG9QG`9Q9HE$2J$6E:GO97$15G7H9M5$15451M54<$/F5$
319OG1E$72:H12Q$S9QQ$15432:6$H2$OG[21$I196$694HR1`G:754<$$
$$
C<$0:H51+-15G$*479QQGH92:$NGO39:I$#2:H12Q4$
$$
V26RQGH92:$2J$HF5$,G79J97$N9157H$#R115:H$0:H51H95$T,N#0$l$G$;B@==+V!$H1G:4O94492:$
JG79Q9HE$`5HS55:$/F5$NGQQ54B$*15I2:$H2$?24$-:I5Q54B$#GQ9J21:9GU$4F2S4$49I:9J97G:H$
312O945$J21$6GO39:I$2J$'21HF+%2RHF$2479QQGH92:4<$^2QQ2S9:I$694HR1`G:754$9:$HF5$
!54H$9:$@DD_B$G:GQE494$4F2S56$HF5$,N#0$SG4$G$OG[21$72:H19`RH21$H2$HF5$@DD_$
2479QQGH92:B$SF5:$HF5$N#$72:H12Q4$H1956$H2$OG9:HG9:$HF5$32S51$21651$5M5:$G4$HF5$
#5Q9Q2$M2QHGI5$SG4$72QQG349:I<$Z,-$FG4$9O3Q5O5:H56$G:$-#$82QHGI5$N535:65:H$
#2:H12Q$?9O9H51$T-#+8N#*?U$JR:7H92:$9:$,N#0$72:H12Q4$H2$Q9O9H$N#$7R115:H$J21$Q2S$
M2QHGI5$72:69H92:4$GH$#5Q9Q2<$/F5$72:H12Q$Q9O9H51$FG4$GQ42$312M9656$`5:5J9H$J21$
H1G:495:H$6GO39:I<$$
$$
"Y75449M5$2479QQGH21E$G7H9M9HE$SG4$2`451M56$6R19:I$HF5$C==_$4ROO51$F5GH$SGM5<$
/F94$312M9656$G669H92:GQ$9:75:H9M5$H2$15M949H$HF5$J5G49`9Q9HE$2J$2479QQGH92:$6GO39:I$
72:H12Q4<$%HG`9Q9HE$72:H12Q4B$`57GR45$2J$HF591$S965+G15G$9O3G7HB$OR4H$`5$3G1H97RQG1QE$
457R15$G4$S5QQ$G4$15Q9G`Q5<$-HH5:H92:$OR4H$`5$3G96$H2$HF5$12`R4H:544$G:6$47GQG`9Q9HE$
2J$HF5$72:H12Q4$G4$S5QQ$G4$5:4R19:I$HF515$G15$:2$R:9:H5:656$72:45aR5:754<$$
$$
*479QQGH92:$6GO39:I$J5G49`9Q9HE$4HR6954$S515$72O3Q5H56$G:6$G66154456$HF5$J2QQ2S9:I$
aR54H92:4P$
$

!$ SFGH$HE354$2J$65M9754$7G:$`5$653Q2E56$J21$6GO39:I$2J$9:H51+G15G$
2479QQGH92:4$

!$ SF515$G15$HF5$5JJ57H9M5$Q27GH92:4$J21$2479QQGH92:$6GO39:I$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$CL$2J$KL$

!$ SFGH$94$HF5$aRG:H9HE$2J$72:H12Q$G7H92:$G:6$HF5$G3312319GH5$72:H12QQ51$IG9:$
:55656$H2$6GO35:$2479QQGH92:$

!$ SF97F$694HR1`G:754$G15$HF545$72:H12Q$G7H92:4$5JJ57H9M5$J21$
!
/F5$G:4S514$H2$HF545$aR54H92:4$G15$9:$FG:6P$$
!
-`421`9:I$G:6$4R33QE9:I$15GQ$32S51$6R19:I$G$32S51$4S9:I$7G:$5JJ57H9M5QE$6GO3$
9:H51+G15G$2479QQGH92:4<$-$15QGH9M5QE$4OGQQ$`1GW9:I$G7H92:$TCK=$V!U$21$G$32S51$JQ2S$
72:H12QQ51$7G:$M51E$5JJ57H9M5QE$6GO35:$HF5$'21HF+%2RHF$2479QQGH92:$G:6$312H57H$HF5$
9:H5172::57H92:$J21$HF5$Q244$2J$HS2$I5:51GH9:I$R:9H4$GH$,GQ2$85165$:5G1$,F25:9Y<$
/F5$`54H$Q27GH92:4$J21$HF5$6GO39:I$72:H12QQ514$G15$GH$HF5$5:64$2J$HF5$2479QQGH21E$
O265$TZ19H94F$#2QRO`9GB$#G:G6GB$G:6$!G4F9:IH2:$%HGH5$9:$HF5$'21HFg$%2RHF51:$
#GQ9J21:9G$G:6$HF5$N5451H$%2RHFS54H$9:$HF5$%2RHFU<$
$$
/F5$72:H12Q$94$4F2S:$H2$`5$12`R4H$G:6$47GQG`Q5<$(9IF$72:H12QQ51$IG9:$2J$A==$H2$
@B===$V!$351$=<@$(\$2J$2479QQGH92:$94$15aR9156<$$
$$
/F5$J5G49`9Q9HE$2J$N#$O26RQGH92:$72:H12Q4$94$7R115:HQE$R:651$4HR6E$GH$Z,-<$!F9Q5$
49ORQGH92:4$4F2S$G$61GOGH97$6GO39:I$9O312M5O5:HB$HF94$65O2:4H1GH92:$312[57H$94$
:55656$H2$312M5$HFGH$HF5$49ORQGH56$`5:5J9H4$7G:$G7HRGQQE$`5$G7F95M56<$/F5$,N#0$94$
31232456$J21$R45$G4$G$H54H$`56<$,N#0$312`9:I$H54H4$G15$3QG::56$J21$O265Q$
M519J97GH92:$G:6$J21$965:H9J97GH92:$2J$HF5$4E4H5O$H1G:4J51$JR:7H92:$S9HF9:$HF5$72:H12QQ51$
GQI219HFO<$0:$3G1GQQ5QB$5aR93O5:H$4H1544$G:GQE494$S9QQ$`5$351J21O56$H2$65H51O9:5$
SF5HF51$HF515$G15$G:E$9:H51G7H92:4$`5HS55:$O26RQGH92:$49I:GQ$G:6$I5:51GH21$
H21492:GQ$O2654$HFGH$S2RQ6$FG1O$HF5$I5:51GH21$4FGJH4<$$
$$
)94W4$-66154456$J21$!965+-15G$#2:H12Q4$$
$$
/F5$JR:6GO5:HGQ$319:793Q5$J21$S965+G15G$72:H12Q4$94$H2$cN2$'2$(G1O<d$NR19:I$HF5$
72:H12Q$G44544O5:H$:2H$2:QE$72:H12QQ51$`5:5J9H4B$`RH$GQ42$72:H12QQ51$194W4$S9QQ$`5$
5MGQRGH56$M51E$7G15JRQQE<$/F5$72:H12QQ51$JGRQH$H2Q51G:75$OR4H$`5$G66154456$H2$
5:4R15$HFGH$HF5$72:H12Q$4E4H5O$7G:$JR:7H92:$T`2HF$15Q9G`Q5$G:6$457R15U$S9HF$3G1H9GQ$
Q244$2J$,V>4$G:6$:5HS21W$JG9QR154<$%E:7F12+3FG421$:5HS21W$#E`51$%57R19HE$944R54$
S9QQ$GQ42$`5$G66154456<$$
$
Summary of Task 3: 
$
Task 3a:$ )545G17F$`5:5J9H4$G:6$J5G49`9Q9HE$2J$S965+G15G$72:H12Q$G33Q97GH92:4<$
Task 3b:$ 0O3Q5O5:H$15I92:GQ$72:H12Q4$HFGH$HGW5$315+65H51O9:56$694715H5$G7H92:4$

`G456$2:$S965+G15G$O5G4R15O5:H4<$
Task 3c:$ 0O3Q5O5:H$15I92:GQ$72:H9:R2R4$J556`G7W$72:H12Q4<!
$
/F5$43579J97$65Q9M51G`Q54$HFGH$G15$3QG::56$G4$3G1H$2J$/G4W$;$G15$Q94H56$`5Q2SP$

$
@<$ Local or Sub-Regional Advanced Applications$b$N5M5Q23O5:HB$H54H9:IB$
G:6$653Q2EO5:H$2J$15432:45+`G456$TG4$2332456$H2$5M5:H+`G456U$15GQ+H9O5$
GRH2OGH97$72:H12Q4B$J27R456$2:$15G7H9M5$4R33QE$G:6$M2QHGI5$72:H12Q4$GH$S9:6$
1542R175$49H54B$G:6$H1G:495:H$4HG`9Q9HE$72:H12Q4$T5<I<B$/5FG7FG39B$#-g$*15I2:g$
G:6$!E2O9:IU<$
$
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C<$ Regional Control Applications for Increased Asset Utilization$b$
N5M5Q23O5:H$G:6$65O2:4H1GH92:$2J$n65J5:45$9:$653HFe$15I92:GQ$M2QHGI5$
4HG`9Q9HE$G:6$9:H51+G15G$2479QQGH92:$6GO39:I$72:H12Q4$HFGH$312H57H$HF5$
9:H5172::57H92:$J12O$1G15$`RH$M51E$45M515$5M5:H4$T5<I<B$Q244$2J$,G79J97$0:H51H95$
21$ORQH93Q5$I5:51GH214U<$

$

3.5 Task 4: Deployment of Tools and Processes for Disturbance Event 

Analysis and System Performance Baselining 

$$
,24H+694HR1`G:75$5M5:H$G:GQE494$9:7QR654$1572:4H1R7H92:4$2J$HF5$45aR5:75$2J$
5M5:H4B$G:6$5MGQRGH92:$2J$312H57H92:$G:6$72:H12Q$2351GH92:B$G4$S5QQ$G4$G:GQE494$2J$
32S51$4E4H5O$351J21OG:75<$#2O3Q5Y$694HR1`G:754$HE397GQQE$9:M2QM5$OG:E$
4S9H7F9:I$G7H92:4$S9HF9:$G$4572:6$G:6$HF515J215B$4E:7F12:9\56$O5G4R15O5:H4$G15$
5YH15O5QE$MGQRG`Q5$9:$HF5$5M5:H$1572:4H1R7H92:$G:6$G:GQE494<$$
$$
'")#$%HG:6G16$,)#+==C$1572I:9\54$HF5$MGQR5$2J$H9O5+4E:7F12:9\56$
O5G4R15O5:H4$J21$694HR1`G:75$G:GQE494<$/F5$4HG:6G16$15aR9154$H9O5+$4E:7F12:9\56B$
72:H9:R2R4$NE:GO97$N94HR1`G:75$)572169:I4$TNN)U$`5$OG65$GH$4R`4HGH92:4$S9HF$
M2QHGI5$Q5M5Q4$G`2M5$C==$W8$HFGH$FGM5$45M5:$21$O215$H1G:4O94492:$5Q5O5:H4<$
,V>4$G15$455:$G4$G$SGE$2J$O55H9:I$HF5$NN)$JR:7H92:<$$
$$
$
A. Event Analysis 
$
N53Q2E$312754454$G:6$H22Q4$R49:I$S965+G15G$4E:7F12:9\56$1572169:I4$J21$5M5:H$
G:GQE494B$72O3Q9G:H$S9HF$'")#$694HR1`G:75$O2:9H219:I$4HG:6G164<$$
$
$
B. Power System Performance Analysis 
$
N53Q2E$312754454$G:6$H22Q4$R49:I$S965+G15G$4E:7F12:9\56$1572169:I4$J21$32S51$
4E4H5O$351J21OG:75$G:GQE494<$$
$$
-JH51$5M5:H$G:GQE494B$HF5$:5YH$4H53$94$HF5$G:GQE494$2J$32S51$4E4H5O$351J21OG:75g$
HF5$`5FGM921$2J$HF5$I196$5M5:$9:$HF5$G`45:75$2J$G$694HR1`G:75<$/F5$G:GQE494$2J$9:H51+
G15G$2479QQGH92:$6GO39:I$94$2J$3G1H97RQG1$9:H5154H<$/F5$!54H51:$0:H5172::57H92:$FG4$
OG:E$9:H51+G15G$2479QQGH92:$O2654<$/F5$J2QQ2S9:I$O2654$FGM5$4F2S:$194W4$H2$
9:H5172::57H92:$4HG`9Q9HEP$$
$

!$ '21HF+%2RHF$2479QQGH92:$9:M2QM54$I5:51GH214$9:$HF5$,G79J97$'21HFS54H$G:6$
#G:G6G$2479QQGH9:I$GIG9:4H$I5:51GH214$9:$N5451H$%2RHFS54H$G:6$#GQ9J21:9G<$
/F5$2479QQGH92:$J15aR5:7E$1G:I54$J12O$=<CK$H2$=<;;$(\<$/F94$2479QQGH92:$
GJJ57H4$2351GH92:4$2J$HF5$#*0$G:6$94$O215$312:2R:756$6R19:I$2:+35GW$
F2R14$S9HF$F5GME$H1G:4J514$J12O$'21HF$H2$%2RHF<$

$
!$ "G4H+!54H$2479QQGH92:$9:M2QM54$"G4H51:$V2:HG:G$2479QQGH9:I$GIG9:4H$HF5$
,G79J97$'21HFS54H<$/F5$2479QQGH92:$J15aR5:7E$1G:I54$J12O$=<_$H2$=<A$(\<$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$;=$2J$KL$

/F94$2479QQGH92:$94$O215$G7H9M5$6R19:I$2JJ+35GW$F2R14$S9HF$F5GME$32S51$
9O321H4$J12O$V2:HG:G<$$

$
!$ /F5$-Q`51HG$O265$94$72O3Q5Y$G:6$9:7QR654$GH$Q5G4H$HS2$7RH+3QG:54g$2:5$
`5HS55:$-Q`51HG$G:6$HF5$!54HB$G:6$HF5$4572:6$`5HS55:$*15I2:$G:6$
#GQ9J21:9G<$/F5$2479QQGH92:$J15aR5:7E$1G:I54$J12O$=<;L$H2$=<K$(\<$/F94$
O265$9:H51G7H4$S9HF$HF5$'21HF+%2RHF$O265B$GJJ57H9:I$9H4$J15aR5:7E$G:6$
6GO39:I<$$$

!
-$:RO`51$2J$4E4H5O$H54H4$FGM5$`55:$351J21O56B$9:7QR69:I$HF5$9:451H92:$2J$HF5$
@BX==$V!$#F95J$.2453F$`1GW9:I$15494H21$G:6$,N#0$312`9:I$49I:GQ$H54H4B$H2$IG9:$
`5HH51$9:49IFH$9:$HF5$G:GQE494$2J$32S51$4E4H5O$2479QQGH92:4<$/F5$,V>$:5HS21W$
5Y3G:492:$H2$6GH5$G71244$HF5$!54H51:$0:H5172::57H92:$Q56$H2$`5HH51$R:6514HG:69:I$
2J$HF5$2479QQGH21E$O2654$G:6$HF5$3G1H9793GH92:$JG7H214$2J$MG192R4$G15G4$9:$HF5$
2479QQGH92:4<$%R7F$W:2SQ56I5$94$3G1GO2R:H$9:$65H51O9:9:I$2351GH92:GQ$G:6$72:H12Q$
42QRH92:4$H2$2479QQGH92:$6GO39:I$G4$S5QQ$G4$312M9492:$2J$4E4H5O$O265Q$M519J97GH92:<$$
$
 
Summary of Task 4: 
$
Task 4a: 0O3Q5O5:H$H22Q4$G:6$54HG`Q94F$312754454$S9HF9:$!"##$J21$R49:I$

4E:7F12:9\56$S965+G15G$6GHG$J21$694HR1`G:75$G:GQE494<$
Task 4b:$ 0O3Q5O5:H$H22Q4$G:6$65M5Q23$G$`G45Q9:5$R:6514HG:69:I$2J$32S51$4E4H5O$

351J21OG:75$HF12RIF$HF5$S965+G15G$M949`9Q9HE$2J$HF5$3FG421$:5HS21W<$
Task 4c:$ "4HG`Q94F$O5G:9:IJRQ$GQG1O9:I$Q9O9H4$G:6$HF154F2Q64$S9HF9:$HF5$15GQ+H9O5$

49HRGH92:GQ$GSG15:544$H22Q4$RH9Q9\9:I$HF5$`G45Q9:5$J9:69:I4<$
$

/F5$43579J97$65Q9M51G`Q5$HFGH$94$3QG::56$G4$3G1H$2J$/G4W$X$94$4HGH56$`5Q2SP$
$

Off-line Analysis and Assessment Tools$+$N5M5Q23O5:H$G:6$65O2:4H1GH92:$
2J$2JJ+Q9:5$H22Q4$H2$4R3321H$9:H51G7H9M5$324H+5M5:H$G:GQE494<$

$

3.6 Task 5: Standardized Tools and Best Practices for Equipment and 

System-Wide Model Validation 

$$
]196$3QG::9:I$G:6$2351GH9:I$6579492:4$15QE$2:$49ORQGH92:4$2J$HF5$6E:GO97$`5FGM921$
2J$HF5$32S51$4E4H5O<$/F5$H57F:97GQ$G:6$72OO5179GQ$45IO5:H4$2J$HF5$9:6R4H1E$OR4H$
`2HF$`5$72:J965:H$HFGH$HF5$6E:GO97$49ORQGH92:$O265Q4$G:6$6GHG`G454$G15$G77R1GH5$
G:6$R3$H2$6GH5<$*3H9O94H97$O265Q4$7G:$154RQH$9:$R:4GJ5$2351GH9:I$72:69H92:4$G:6$
S9654315G6$32S51$2RHGI54B$G4$9:697GH56$`E$HF5$5M5:H4$9:$HF5$4ROO51$2J$@DD_$9:$
HF5$!54H51:$0:H5172::57H92:<$,5449O94H97$O265Q4$G:6$G44RO3H92:4$7G:$154RQH$9:$
2M51QE+72:451MGH9M5$I196$2351GH92:$G:6$R:651RH9Q9\GH92:$2J$H1G:4O94492:$7G3G79HE$
Q5G69:I$H2$G6M5145$572:2O97$154RQH4<$(GM9:I$G77R1GH5$O265Q4$94$5445:H9GQ$H2$
15Q9G`Q5$G:6$572:2O97$32S51$4E4H5O$2351GH92:<$$
$$
/S2$OG[21$694HR1`G:754$277R1156$9:$HF5$!54H51:$0:H5172::57H92:$9:$4ROO51$2J$
@DD_B$.RQE$C$G:6$-RIR4H$@=$154357H9M5QE<$!F5:$5:I9:5514$GHH5O3H56$H2$153126R75$
`2HF$5M5:H4$9:$6E:GO97$49ORQGH92:4B$HF515$S515$49I:9J97G:H$69JJ515:754$`5HS55:$HF5$
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49ORQGH56$5M5:H4$G:6$G7HRGQ$694HR1`G:75$1572169:I4<$/F5$-RIR4H$@=B$@DD_$
45aR5:75$2J$5M5:H4$154RQH56$9:$R:4HG`Q5$32S51$2479QQGH92:4$G:6$5M5:HRGQ$4E4H5O$
`15GW$R3<$(2S5M51B$HF5$O265Q56$15432:45$SG4$4HG`Q5$G:6$S5QQ$6GO356<$/F5$
JG9QR15$2J$HF5$49ORQGH92:4$H2$72115QGH5B$5M5:$15O2H5QEB$S9HF$HF5$G7HRGQ$694HR1`G:75$
6GHG$SG4$M51E$72:751:9:I$J21$RH9Q9H954$G:6$I196$2351GH214$9:$HF5$!54HB$49:75$HF5$
O265Q4$S515$R456$J21$45HH9:I$%E4H5O$*351GH9:I$?9O9H4<$^2QQ2S9:I$HF5$694HR1`G:75B$
HF5$!54H$R:651H22W$G$:RO`51$2J$Q2:I+H51O$O265Q9:I$9:9H9GH9M54$9:7QR69:I$I5:51GH21$
H54H9:IB$(8N#$O265Q9:IB$Q2G6$O265Q9:IB$G:6$4E4H5O+S965$O265Q$MGQ96GH92:<$/F94$
312[57H$31232454$H2$JR1HF51$HF94$S21W<$
$$
A. Equipment Model Verification 
$
,12754454$G:6$H22Q4$R49:I$694HR1`G:75$1572169:I4$J21$5aR93O5:H$O265Q$M519J97GH92:$
T32S51$3QG:H$O265Q4B$9:7QR69:I$S9:6$I5:51GH92:$3QG:H4B$(8N#$4E4H5O4B$G:6$Q2G6$
O265Q4U$$
$$
B. Generator Model Verification  
$$
^2QQ2S9:I$HF5$@DD_$2RHGI5B$H54H9:I$2J$GQQ$I5:51GH214$QG1I51$HFG:$@=$V!$SG4$
15aR9156$H2$M519JE$HF591$O265Q4<$!F9Q5$H54H9:I$FG4$`55:$M51E$`5:5J979GQB$9H$FG4$`55:$
9:4RJJ9795:H$H2$715GH5$G:6$OG9:HG9:$G$4GH94JG7H21E$49ORQGH92:$6GHG`G45<$%2O5$
1545G17F$FG4$`55:$62:5$H2$J9:6$O5HF264$2J$9:6535:65:H$M519J97GH92:$2J$I5:51GH21$
O265Q4$G:6$6E:GO97$351J21OG:75$R49:I$694HR1`G:75$6GHG<$^21$9:4HG:75B$G$Q2G6$
JQ2S$4HR6E$312I1GO$FG4$9O3Q5O5:H56$G$c3QGE`G7Wd$7G3G`9Q9HE$HFGH$5:G`Q56$9:[57H92:$
2J$15721656$`R4$M2QHGI5$G:6$J15aR5:7E$9:H2$6E:GO97$49ORQGH92:4<$%2O5$9:$HF5$!54H$
FGM5$`55:$R49:I$HF5$3QGE`G7W$JR:7H92:$J21$35192697$O265Q$M519J97GH92:$2J$OG:E$
32S51$3QG:H4<$!F5:$!"##$65M5Q2356$G$]5:51GH9:I$>:9H$V265Q$8GQ96GH92:$,2Q97E$
9:$C==_B$O265Q$M519J97GH92:$`E$G$694HR1`G:75$3QGE`G7W$SG4$9:7QR656$G4$G:$
G7753HG`Q5$O5HF26<$/F5$O5HF264$G15$GQ42$9:7QR656$9:$HF5$61GJH$2J$'")#$I5:51GH21$
M519J97GH92:$4HG:6G164<$$
$$
0:$1575:H$E5G14B$42O5$FGM5$`5IR:$GRH2OGH9:I$I5:51GH21$O265Q$M519J97GH92:$
312754454B$`RH$HF94$312[57H$31232454$G669H92:GQ$423F94H97GH92:$H2$1542QM5$W:2S:$
O265Q$Q9O9HGH92:4<$^21$9:4HG:75B$GRH2OGH97$I5:51GH92:$72:H12Q$7FG:I54$H2$G$3QG:He4$
M2QHGI5$G:6$32S51$47F56RQ54$G15$:2H$7R115:HQE$G66154456<$$
$$
?G1I5+47GQ5$9:H5I1GH92:$2J$S9:6$32S51$3QG:H4$1531545:H4$G$:5S$7FGQQ5:I5$J21$
O265Q9:I$G77R1G7E<$$
$$
]5:51GH21$V265Q$M519J97GH92:$94$O9Y56<$%2O5$:55656$9O312M5O5:H4$G15$9:$
3126R7H92:$3FG45$SF9Q5$2HF514$G15$9:$1545G17F$3FG45<$
$
C. Pacific HVDC Intertie  
$$
,G79J97$(8N#$0:H51H95$T,N#0U$94$G$OG[21$3GHF$9:$HF5$!54H$72::57H9:I$HF5$,G79J97$
'21HFS54H$T#5Q9Q2U$G:6$?24$-:I5Q54$`G49:$T%EQOG1U<$,N#0$94$1GH56$GH$;B@==$V!<$
,N#0$SG4$G$OG9:$72:H19`RH21$H2$HF5$:5IGH9M5QE$6GO356$2479QQGH92:4$65M5Q2356$2:$
-RIR4H$@=B$@DD_<$$
$$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$;C$2J$KL$

,V>4$S515$9:4HGQQ56$GH$Z,-e4$Z9I$"66E$K==+W8$G:6$C;=+W8$4R`4HGH92:4$O2:9H219:I$
`R4$M2QHGI5$G:6$#5Q9Q2$Q9:5$7R115:H4$GJH51$HF5$@DD_$2RHGI54g$F2S5M51B$HF5E$:556$
153QG75O5:H$6R5$H2$351J21OG:75$944R54<$-$F9IF51$4GO3Q9:I$1GH5$T@C=$4GO3Q54$351$
4572:6U$94$:55656<$/F515$94$GQ42$G$,V>$GH$%EQOG1g$F2S5M51B$G669H92:GQ$aRG:H9H954$
:556$H2$`5$O2:9H2156$J21$72O3Q5H5$M949`9Q9HE$2J$HF5$42RHF51:$H51O9:R4<$-669H92:GQ$
,V>4$G15$:55656$GH$#5Q9Q2$H2$O2:9H21$N#$32S51$21651B$M2QHGI54B$7R115:H4B$G:6$N#$
7R115:H$216514$4E:7F12:9\56$S9HF$-#$O5G4R15O5:H4<$$
$$
D. Load Modeling  
$
?2G64$G15$3QGE9:I$G$QG1I51$12Q5$9:$32S51$4E4H5O$4HG`9Q9HE$6R5$H2$5M2QM9:I$7FG:I54$9:$
Q2G6$72O3249H92:P$HF5$312321H92:$2J$72O3154421$TG91+72:69H92:9:I$G:6$F5GH$3RO3U$
G:6$5Q57H12:97$Q2G64$94$I12S9:IB$G:6$HF5$312321H92:$2J$15494H9M5$Q2G64$T9:7G:65475:H$
Q9IFH9:IB$43G75B$G:6$SGH51$F5GH9:IU$94$4F19:W9:I<$)5494H9M5+HE35$Q2G64$S515$5:51IE$
9:5JJ9795:H$`RH$FG6$JGM21G`Q5$M2QHGI5$7FG1G7H5194H974P$HF5$32S51$94$156R756$
312321H92:GQ$H2$M2QHGI5$4aRG156<$#2O3154421$O2H21$G:6$5Q57H12:97$Q2G64$`5FGM5$G4$
72:4HG:H$32S51$Q2G64$S9HF$154357H$H2$M2QHGI5$G:6$HF515J215$OG9:HG9:$HF591$65OG:6$
SF5:$HF5$5Q57H197GQ$I196$94$9:$H12R`Q5<$$
$
%9:IQ5+3FG45$154965:H9GQ$G91+72:69H92:514$7G:$4HGQQ$6R19:I$G$JGRQHB$`G497GQQE$
`572O9:I$G$F9IF+9O356G:75$Q27W56$12H21$JGRQH$S9HF$M51E$65H19O5:HGQ$9O3G7H$H2$HF5$
G`9Q9HE$2J$HF5$I196$H2$1572M51<$)575:H$5M5:H4$2J$^GRQH+0:6R756$N5QGE56$82QHGI5$
)572M51E$T^0N8)U$FGM5$`55:$2`451M56$9:$#GQ9J21:9G$G:6$HF5$%2RHF5G4H<$'")#$FG4$
1575:HQE$3R`Q94F56$G$SF9H5$3G351$2:$HF5$^0N8)$944R5<$/F5$194W$2J$JG4H$M2QHGI5$
72QQG345$9:$QG1I5$O5H12$G15G4$94$9:715G49:I$G4$G$154RQH$2J$HF5$7FG:I54$9:$Q2G6$
72O3249H92:$G:6$G4$15G7H9M5$4R3321H$H2$72O`GH$9H$94$O2M9:I$JR1HF51$J12O$HF5$Q2G6$
75:H514$9:$HF5$!54H$TG4$I5:51GH92:$42R1754$`572O5$O215$15O2H5U<$$
$$
/F5$:556$J21$`5HH51$Q2G6$O265Q9:I$94$G33G15:H<$!"##e4$?2G6$V265Q9:I$/G4W$^2175$
94$9:$HF5$J9:GQ$4HGI54$2J$9O3Q5O5:H9:I$G$:5S$72O3249H5$Q2G6$O265Q$4H1R7HR15$9:$I196$
49ORQGH214<$/F5$%E:7F12+,FG421$,12[57H$JR1HF514$HFGH$5JJ21H<$?2G6$O265Q$6GHG$
15OG9:4$G$7FGQQ5:I5$G4$Q2G6$72O3249H92:$7FG:I54$45G42:GQQEB$F2R1QEB$G:6$`E$
J55651<$/F94$312[57H$31232454$6519MGH92:$2J$O265Q$6GHG$R49:I$G$`2HH2O+R3$G3312G7F$
G:6$HF5:$H2$MGQ96GH5$O265Q$351J21OG:75$R49:I$4E:7F12+3FG421$694HR1`G:75$
1572169:I4<$$
$$
E. System Model Verification 
$$
*M51GQQ$4E4H5O$M519J97GH92:$94$G:$RQH9OGH5$4H53$9:$5:4R19:I$49ORQGH92:$O265Q4$
15G42:G`QE$OGH7F$15GQ9HE<$/F94$312[57H$312324GQ$G66154454$HF155$944R54P$
$
@<$ (2S$H2$M519JE$4E4H5O+S965$O265Q$M519J97GH92:<$/F94$FG4$`55:$G$OG[21$
2`4HG7Q5$9:$65M5Q239:I$G$MGQ96GH92:$`G45$7G45<$/F5$1575:H$!54H+!965$
%E4H5O$V265Q$65M5Q23O5:H$312O9454$I15GH$9O312M5O5:H4$9:$HF5$43556$2J$
715GH9:I$MGQ96GH92:$`G45$7G454<$$
$

C<$ (2S$H2$[R6I5$O265Q$351J21OG:75<$-3G1H$J12O$HF5$1G15$7G45$9:$SF97F$HF515$94$
G$72O3Q5H5$694GI155O5:H$`5HS55:$HF5$O265Q$G:6$15GQ9HEB$O24H$7G454$FGM5$
42O5$49O9QG19H954$G:6$42O5$694GI155O5:H4$`5HS55:$HF5$15GQ$G:6$49ORQGH56$
`5FGM921$2J$Q2G64<$V215$423F94H97GH56$H22Q4$`5E2:6$HF245$R49:I$H9O5+62OG9:$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$;;$2J$KL$

O5HF264$G15$31232456$H2$694H9:IR94F$`5HS55:$G77R1GH5$G:6$9:G77R1GH5$
5Q5O5:H$O265Q4<$$
$

;<$ !FGH$H2$62$SF5:$HF5$O265Q$G:6$15GQ9HE$62$:2H$OGH7F<$-$3127544$:5564$H2$`5$
J21OGQ9\56$H2$1572:79Q5$69JJ515:754$`5HS55:$G$O265Q$G:6$15GQ9HE<$/F94$312[57H$
31232454$H22Q$65M5Q23O5:H$G:6$65O2:4H1GH92:$J21$IR969:I$O265Q$
G6[R4HO5:H4$H2$G7F95M5$G$`5HH51$GI155O5:H$`5HS55:$O265Q4$G:6$G7HRGQ$
1572169:I4<$$

$$
'2H5P$!"##e4$V265Q$8GQ96GH92:$!21W$]12R3$TV8!]UB$'")#B$G:6$HF5$'21HF$
-O5197G:$%E:7F12+,FG421$0:9H9GH9M5$T'-%,0U$G15$[29:HQE$3153G19:I$G$SF9H5$3G351$2:$
4E4H5O$O265Q$MGQ96GH92:<$/F5$43579J97$5Q5O5:H4$2J$HF5$31232456$312[57H$G7H92:$3QG:$
S9QQ$`5$JR1HF51$65M5Q2356$`G456$2:$HF5$SF9H5$3G351$1572OO5:6GH92:4<$

$
$

Summary of activities of Task 5: 
$
Task 5a:$ 0O3Q5O5:H$H22Q4$G:6$54HG`Q94F$312754454$S9HF9:$!"##$J21$5aR93O5:H$

O265Q$MGQ96GH92:$T32S51$3QG:H4B$(8N#$4E4H5O4B$%8#4U<$
Task 5b:$ 0O3Q5O5:H$H22Q4$G:6$54HG`Q94F$312754454$S9HF9:$!"##$J21$4E4H5O+S965$

O265Q$MGQ96GH92:<$
Task 5c:$ #2:6R7H$O265Q$3G1GO5H51$965:H9J97GH92:$9:$15GQ$H9O5<$

$
/F5$43579J97$65Q9M51G`Q5$3QG::56$G4$3G1H$2J$/G4W$K$94$4HGH56$`5Q2SP$
$

N5M5Q23O5:H$G:6$653Q2EO5:H$2J$2JJ+Q9:5$H22Q4$H2$4R3321H$5aR93O5:H$G:6$
4E4H5O$O265Q$MGQ96GH92:<$

$

3.7 Task 6: Process and Project Management, Interoperability, and Cyber 

Security Assurances  
$$
/F5$312[57H$72:H5O3QGH54$G$:RO`51$2J$49HRGH92:GQ$GSG15:544$G:6$15GQ+H9O5$72:H12Q4$
R49:I$4E:7F12+3FG4214$G4$S5QQ$G4$G$3127544$J21$5MGQRGH9:I$J5G49`9Q9HE$G:6$H9O9:I$2J$
HF545$G33Q97GH92:4<$!"##$9:H5:64$H2$5O3Q2E$G$OGHR19HE$O265Q$G:6$G33Q97GH92:$
Q9J57E7Q5$G4$H22Q4$H2$OG:GI5$194W4$G:6$15GQ9\5$`5:5J9H4$G4$aR97WQE$G4$31G7H97GQ<$0H$94$
GQ42$9O351GH9M5$HFGH$9:H512351G`9Q9HE$G:6$7E`51$457R19HE$2`[57H9M54$G15$O5H$G4$HF5$
JR:7H92:GQ$15aR915O5:H4$G15$653Q2E56<$
$$
-$OGHR19HE$O265Q$654719`54$F2S$HF5$312[57H$S9QQ$I12S$F951G17F97GQQE<$-$OGHR19HE$
O265Q$I15GHQE$O9:9O9\54$312[57H$194W4B$G4$OGHR19HE$Q5M5Q4$`572O5$4HGI5$IGH54$J21$
5Y3G:69:I$HF5$312[57H$72O3Q5Y9HE<$-$OGHR19HE$O265Q$312M9654$M949`9Q9HE$G4$H2$HF5$
15G69:544$2J$HF5$9:H5172::57H92:$9:$H57F:2Q2IE$G:6$G33Q97GH92:$65O2:4H1GH92:$G:6$
94$5Y357H56$H2$Q5G6$H2$G3312319GH5$H9O9:I$G:6$5JJ9795:H$GQQ27GH92:$2J$1542R1754$G:6$
7G39HGQ<$$
$$
"G7F$G33Q97GH92:$S9QQ$`5$OG:GI56$HF12RIF$9H4$Q9J57E7Q5B$SF97F$9:7QR654$HF5$J2QQ2S9:I$
3FG454P$
$$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$;X$2J$KL$

@<$Research<$065G4$G15$I5:51GH56$G:6$c3122J$2J$72:753Hd$1545G17F$94$72:6R7H56<$0H$
94$9O321HG:H$H2$I5:51GH5$G$S965$1G:I5$2J$965G4$6R19:I$HF94$3FG45$S9HF2RH$
5Y75449M5$719H9794O<$N9M5145$965G4$7G:$`5$G7F95M56$`E$59HF51$312M969:I$c4556d$
JR:69:I$H2$ORQH93Q5$9:6535:65:H$1545G17F514B$21$`E$72QQG`21GH92:$HF12RIF$G:$
5Y351H$3G:5Q<$/F5$!"##$312[57H$H5GO$5Y357H4$H2$JG79Q9HGH5$G:6$69157H$HF5$
1545G17F514<$$

!!
C<$Prototyping<$/F5$O24H$312O949:I$G3312G7F54$G15$312H2HE356$G:6$H54H56$9:$
O2:9H219:I$O265<$^5G49`9Q9HE$G:GQE494$94$GQ42$72O3Q5H56$GH$HF94$3FG45<$0J$32449`Q5B$
45M51GQ$72O35H9:I$G3312G7F54$OGE$`5$312H2HE356<$#Q245$72QQG`21GH92:$`5HS55:$
1545G17F514$G:6$HF5$!"##$312[57H$H5GO$S9QQ$`5$5O3Q2E56<$$

!
;<$$1234567#!G59090@<:;!?233!>:!0:;0:/!:\0:';2P:3@)!-'/!0I:!':=:;;-5@!/:;2L'!

A9/262=-029';!A-/:#!G59Q:=0!52;J!-'-3@;2;!2;!=9'/&=0:/!-'/!>:':620;!-5:!
:P-3&-0:/!-0!0I2;!<I-;:#!S9AA:5=2-32M-029'!P:5;&;!=&;09A2M-029'!2;!-3;9!
/:=2/:/#!HI:!`DSS!0:-A!3:-/;!0I2;!<I-;:#$

!!!
X<$Demonstration<$/F5$J9:GQ$6549I:$94$72O3Q5H56g$HF5$47F5O5$94$9O3Q5O5:H56$G:6$
15Q5G456$H2$2351GH92:4<$0H$94$719H97GQ$H2$R:6514HG:6$F2S$HF5$9::2MGH92:$S9QQ$J9H$HF5$
5Y94H9:I$`R49:544$312754454<$/F5$!"##$H5GO$Q5G64$HF94$3FG45<$$

!
K<$Operation and maintenance, upgrades<$-3312319GH5$1542R175$72OO9HO5:H4$
OR4H$`5$OG65$H2$2351GH5$G:6$OG9:HG9:$HF5$G33Q97GH92:4<$-H$HF94$3FG45B$!"##$
O5O`514$T72:H12Q$122O$G33Q97GH92:4U$G:6$!"##$4HGJJ$T)5Q9G`9Q9HE$#22169:GH21$
G33Q97GH92:4U$2351GH5$G:6$OG9:HG9:$G:$G33Q97GH92:<$^556`G7W$94$5:72R1GI56<$
-33Q97GH92:$R3I1G654$G15$OG65$G4$15aR9156<$

$
Summary of Task 6:  
 
Manage the process of implementing the individual elements of the synchro-
phasor project$RH9Q9\9:I$G$OGHR19HE$O265Q$H2$O9H9IGH5$194W4$G:6$6519M5$23H9OGQ$
`5:5J9H$G4$aR97WQE$G4$32449`Q5<$0:H512351G`9Q9HE$G:6$7E`51+457R19HE$2`[57H9M54$G15$
G44R156$R:651$HF94$HG4W<$
$
$
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Section 4: Appendices and References 

$
-335:69Y$@P$,12[57H$,QG:$G:6$/9O5Q9:5$
-335:69Y$CP$,12[57H$,G1H9793G:H4$
-335:69Y$;P$,51H9:5:H$^*-$)5J515:754$
-335:69Y$XP$"Y94H9:I$G:6$^RHR15$,V>4$G:6$,N#4$
-335:69Y$KP$]Q244G1E$2J$/51O4$

$
$



Appendix 1: Synchro-Phasor Project Plan – Version 1.0$

7/10/2009 
 Year 

1 Q1 
Year 
1 Q2 

Year 
1 Q3 

Year 
1 Q4 

Year 
2 Q1 

Year 
2 Q2 

Year 
2 Q3 

Year 
2 Q4 

Year 
3 Q1 

Year 
3 Q2 

Year 
3 Q3 

Year 
3 Q4 

PROJECT 
MANAGEMENT & 
COORDINATION; TECH 
TRANSFER; INDUSTRY 
INTERFACE, 
INTEROPERABILITY 
AND CYBER SECURITY 
ASSURANCES 

$
$
+++++++

$
$
+++++++

$
$
+++++++

$
$
+++++++

$
$
+++++++

$
$
+++++++$

$
$
+++++++

$
$
+++++++

$
$
+++++++

$
$
+++++++

$
$
+++++++

$
$
++"k$

 $ $ $ $ $ $ $ $ $ $ $ $

PLANNING 
(Infrastructure) 

$ $ $ $ $ $ $ $ $ $ $ $

^9:GQ9\5$:5S$)/>$?27GH92:4$
G:6$V5G4R156$iRG:H9H954$
T#2:494H5:H$S9HF$5M2QM9:I$
'")#$4HG:6G16$,)#+==CU$

$
$
"k$

$ $ $ $ $ $ $ $ $ $ $

N5H51O9:5$,V>$)53QG75O5:H$
?27GH92:4$G:6$#FG:I54$H2$

V5G4R156$iRG:H9H954$

$
+"k$

$ $ $ $ $ $ $ $ $ $ $

N5H51O9:5$,N#$?27GH92:4$ "k$ $ $ $ $ $ $ $ $ $ $ $
N5H51O9:5$%R351,N#$

)5aR915O5:H4$$
$
++"k$

$
$

$ $ $ $ $ $ $ $ $ $

N5H51O9:5$^R:7H92:GQ$G:6$
,51J21OG:75$)5aR915O5:H4$J21$

'5HS21W$b$0:H51+RH9Q9HE$NGHG$
"Y7FG:I5$T0>N"U$$

$
$
++"k$

$ $ $ $ $ $ $ $ $ $ $

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$;_$2J$KL$



$ Year 
1 Q1

Year 
1 Q2

Year 
1 Q3

Year 
1 Q4

Year 
2 Q1

Year 
2 Q2$

Year 
2 Q3

Year 
2 Q4

Year 
3 Q1

Year 
3 Q2

Year 
3 Q3

Year 
3 Q4

N5H51O9:5$'-%,0:5H$39Q2H$
15aR915O5:H4$b$312H2HE35$G:6$
J95Q6$H54H$3FG421$IGH5SGEB$6GHG$

`R4$72:753H4B$G:6$7E`51$
457R19HE$7G3G`9Q9HE$

$
+++++++

$
++"k$

$ $ $ $ $ $ $ $ $ $

N5H51O9:5$#2:H12Q$#5:H51$
0:H51JG75$)5aR915O5:H4$

$
+++++++

$
"k$

$ $ $ $ $ $ $ $ $ $

N5H51O9:5$#E`51+%57R19HE$
)5aR915O5:H4j#22169:GH92:$

S9HF$'")#$h$'-%,0 

$
+++++++

$
"k$

$ $ $ $ $ $ $ $ $
$
$

$

$             

DESIGN (Infrastructure) $ $ $ $ $ $ $ $ $ $ $ $

%3579JE$,V>$VG[21$VGH519GQ4$ +++++++ "k$ $ $ $ $ $ $ $ $ $ $
-7aR915$,V>4$ $ $$"k$ $ $ $ $ $ $ $ $ $ $

-7753HG:75$/54HB$#GQ9`1GH5$h$
#51H9JE$,V>4$

$
+++++++

$
++"k$

$ $ $ $ $ $ $ $ $ $

N549I:$,V>$%R`4HGH92:$G:6$
,2S51$,QG:H$0:4HGQQGH92:4$

$ $
$$$++++$

$
++"k$

$ $ $ $ $ $ $ $ $

N549I:$/5Q572OOR:97GH92:$
0:4HGQQGH92:4$G:6$^j*$21$)G692$

#FG::5Q$-449I:O5:H4$
T9:7QR69:I$GQH51:GH5$12RH9:I$

15aR915O5:H4U$

$ $
$
$$$$+++$

$
$
++"k$

$ $ $ $ $ $ $ $ $

%3579JE$,N#$VG[21$VGH519GQ4$ $$$$$++$ ++"k$ $ $ $ $ $ $ $ $ $ $
-7aR915$,N#4$ $ $$$$$$++ ++"k$ $ $ $ $ $ $ $ $ $

-7753HG:75$/54H$G:6$#51H9JE$
,N#4$

$ $ $
$$$$$$++

$
++"k$

$ $ $ $ $ $ $ $

N549I:$#2:H12Q$#5:H51$
0:4HGQQGH92:4$

$ $ $
$$$$$$++

$
+"k$

$ $ $ $ $ $ $ $

-7aR915$%R351,N#4$ $ $ $ $$$$$$++ ++"k$ $ $ $ $ $ $ $
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$



$ Year 
1 Q1

Year 
1 Q2

Year 
1 Q3

Year 
1 Q4

Year 
2 Q1

Year 
2 Q2$

Year 
2 Q3

Year 
2 Q4

Year 
3 Q1

Year 
3 Q2

Year 
3 Q3

Year 
3 Q4

-7753HG:75$/54H$G:6$#51H9JE$
%R351,N#4$

$ $ $ $
$$$$$$++

$
++"k$

$ $ $ $ $ $ $

N549I:$)5Q9G`9Q9HE$#5:H51$
%9ORQGH21$0:4HGQQGH92:4$

$ $ $
$$$$$$++

$
+++++++

$
++"k$

$ $ $ $ $ $ $

N549I:$)5Q9G`9Q9HE$#5:H51$
#2:H12Q$)22O$0:4HGQQGH92:4$$

$ $ $
$$$$$$++

$
+++++++

$
+++++++

$
+++++++$

$
"k$

$ $ $ $ $

N549I:$(94H2197GQ$-17F9M9:I$
0O3Q5O5:HGH92:$

$ $ $
$$$$$$++

$
+++++++

$
+++++++

$
+++++++$

$
"k$

$ $ $ $ $

 $ $ $ $ $ $ $ $ $ $ $ $

CAPITAL 
CONSTRUCTION 

$ $ $ $ $ $ $ $ $ $ $ $

,FG45$@$,V>$0:4HGQQGH92:$ $ $$$$$$++ +++++++ "k$ $ $ $ $ $ $ $ $
,FG45$C$,V>$0:4HGQQGH92:$ $ $ $ $$$$$+++ +++++++ "k$ $ $ $ $ $ $
,FG45$;$,V>$0:4HGQQGH92:$ $ $ $ $ $ $$$$$+++$ +++++++ ++"k$ $ $ $ $

,FG45$@$,V>$)53QG75O5:H$ $ $$+++++$ +++++++ "k$ $ $ $ $ $ $ $ $
,FG45$C$,V>$)53QG75O5:H$ $ $ $ $$+++++$ +++++++ "k$$ $ $ $ $ $ $
,FG45$;$,V>$)53QG75O5:H$ $ $ $ $ $ $$$$$+++$ +++++++ ++"k$ $ $ $ $
,FG45$@$,N#$0:4HGQQGH92:$ $ $ $ $$+++++$ +++++++ ++"k$$ $ $ $ $ $ $
,FG45$C$,N#$0:4HGQQGH92:$ $ $ $ $ $ $$$$$+++$ +++++++ ++"k$ $ $ $ $
,FG45$@$0>N"$'5HS21W$

0:4HGQQGH92:$
$ $

$$+++++$
$
+++++++

$
"k$

$ $ $ $ $ $ $ $

,FG45$C$0>N"$'5HS21W$
0:4HGQQGH92:$

$ $ $ $
$$$$+++$

$
+++++++

$
+"k$

$ $ $ $ $ $

,FG45$;$0>N"$'5HS21W$
0:4HGQQGH92:$

$ $ $ $ $ $
o<+++$

$
+++++++

$
++"k$

$ $ $ $

(94H2197GQ$-17F9M9:I$
0O3Q5O5:HGH92:$

$ $ $
$$$++++$

$
+++++++

$
+++++++

$
+++++++$

$
+++++++

$
++"k$

$ $ $ $

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$;L$2J$KL$



$
$ Year 

1 Q1
Year 
1 Q2

Year 
1 Q3

Year 
1 Q4

Year 
2 Q1

Year 
2 Q2$

Year 
2 Q3

Year 
2 Q4

Year 
3 Q1

Year 
3 Q2

Year 
3 Q3

Year 
3 Q4

'-%,0:5H$,12H2HE35$h$^95Q6$
/54H$0:4HGQQGH92:B$#E`51$

%57R19HE$#G3G`9Q9HE$$

$ $ $
$$$++++$

$
+++++++

$
+++++++

$
+++++++$

$
+++++++

$
+++++++

$
++"k$

$ $ $

$ $ $ $ $ $ $ $ $ $ $ $ $

PLANNING 
(Applications) 

$ $ $ $ $ $ $ $ $ $ $ $

Situational Awareness $ $ $ $ $ $ $ $ $ $ $ $
$$$$$)5GQ+H9O5$/15:69:I$ $ $ $ $ $ $ $ $ $ $ $ $

^15aR5:7E$ "k$ $ $ $ $ $ $ $ $ $ $ $
%E4H5O$82QHGI54$ ++"k$ $ $ $ $ $ $ $ $ $ $ $

,GHF$?2G69:I$ ++"k$ $ $ $ $ $ $ $ $ $ $ $
*479QQGH92:$":51IE$ +++++++ "k$ $

$
$ $ $ $ $ $ $ $ $

$$$$$,FG45$-:IQ5$
N943QGE4j-QG1O4$

$ $ $ $ $ $ $ $ $ $ $ $

,FG45$-:IQ5$ZG45Q9:9:I$ +++++++ "k$ $ $ $ $ $ $ $ $ $ $
,FG45$-:IQ5$/15:69:I$ +++++++ ++"k$ $ $ $ $ $ $ $ $ $ $

$$$$$-QG1O4$Sj$NGHG$
,1531275449:I$

$ $ $ $ $ $ $ $ $ $ $ $

82QHGI5$0:4HG`9Q9HE$,15697H21$ +++++++ ++"k$ $ $ $ $ $ $ $ $ $ $
)5G7H9M5$)5451M5$V2:9H21$ ++++++$ "k$ $ $ $ $ $ $ $ $ $ $

*479QQGH92:$N5H57H92:$ ++++++$ +++++++ "k$ $ $ $ $ $ $ $ $ $
V265$V5H51$ ++++++$ +++++++ +++++++ ++"k$ $ $ $ $ $ $ $ $

$ $ $ $ $ $ $ $ $ $ $ $ $
Off-Line Tools $ $ $ $ $ $ $ $ $ $ $ $
     "M5:H$-:GQE494$ ++++++$ "k$ $ $ $ $ $ $ $ $ $ $
$ $ $ $ $ $ $ $ $ $ $ $ $
     ,2S51$%E4H5O$$$$$$$$$$$$$$$$$$$$$$$$$
,51J21OG:75$-:GQE494$

++++++$ +++++++ "k$ $ $ $ $ $ $ $ $ $

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$;D$2J$KL$
$



$ Year 
1 Q1

Year 
1 Q2

Year 
1 Q3

Year 
1 Q4

Year 
2 Q1

Year 
2 Q2$

Year 
2 Q3

Year 
2 Q4

Year 
3 Q1

Year 
3 Q2

Year 
3 Q3

Year 
3 Q4

     %E4H5O$V265Q$8GQ96GH92:$ $ $ $ $ $ $ $ $ $ $ $ $
"aR93O5:H$ ++++++$ "k$ $ $ $ $ $ $ $ $ $ $
]5:51GH21$ ++++++$ "k$ $ $ $ $ $ $ $ $ $ $

(8N#$0:H51H95$ ++++++$ +++++++ "k$ $ $ $ $ $ $ $ $ $
?2G64$ ++++++$ +++++++ +++++++ "k$ $ $ $ $ $ $ $ $

$ $ $ $ $ $ $ $ $ $ $ $ $
Wide-Area Controls $ $ $ $ $ $ $ $ $ $ $ $
$$$$$)5432:45+ZG456$!965$-15G$
#2:H12Q4$^5G49`9Q9HE$h$Z5:5J9H4$
%HR6E$

$
++++++$

$
++"k$

$ $ $ $ $ $ $ $ $ $

$$$$$%572:6G1E$#2:H12Q4$h$
,19OG1E$#2:H12Q$-1O9:I$

++++++$ +++++++ +++++++ ++"k$ $ $ $ $ $ $ $ $

%572:6G1E$82QHGI5$#2:H12Q4$ ++++++$ +++++++ "k$ $ $ $ $ $ $ $ $ $
$!9:6$%9H5$82QHGI5$#2:H12Q4$ ++++++$ +++++++ +++++++ ++"k$ $ $ $ $ $ $ $ $
,19OG1E$/1G:495:H$%HG`9Q9HE$

#2:H12Q$
++++++$ +++++++ +++++++ +++++++ +++++++ "k$ $ $ $ $ $ $

$$$$$)5I92:GQ$%HG`9Q9HE$#2:H12Q4$ ++++++$ +++++++ +++++++ +++++++ +++++++ "k$ $ $ $ $ $ $
)5I92:GQ$82QHGI5$%HG`9Q9HE$

#2:H12Q4$$
++++++$ +++++++ +++++++ +++++++ +++++++ "k$ $ $ $ $ $ $

"aR9Q9`19RO$%HGH5$#2:H12Q$ +++++++ +++++++ +++++++ ++"k$ $ $ $ $ $ $ $ $
$$$$$0:H51+-15G$*479QQGH92:$
NGO39:I$#2:H12Q4$

++++++$ +++++++ +++++++ +++++++ ++"k$ $ $ $ $ $ $ $

$ $ $ $ $ $ $ $ $ $ $ $ $

ALGORITHM & DISPLAY 
DEVELOPMENT 
(Applications) 

$ $ $ $ $ $ $ $ $ $ $ $

 $ $ $ $ $ $ $ $ $ $ $ $
Situational Awareness $ $ $ $ $ $ $ $ $ $ $ $
$$$$$)5GQ+H9O5$/15:69:I$ $ $ $ $ $ $ $ $ $ $ $ $

^15aR5:7E$ +++++++ ++"k$ $ $ $ $ $ $ $ $ $ $

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$X=$2J$KL$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$X@$2J$KL$

$ Year 
1 Q1

Year 
1 Q2

Year 
1 Q3

Year 
1 Q4

Year 
2 Q1

Year 
2 Q2$

Year 
2 Q3

Year 
2 Q4

Year 
3 Q1

Year 
3 Q2

Year 
3 Q3

Year 
3 Q4

%E4H5O$82QHGI54$ +++++++ +++++++ "k$ $ $ $ $ $ $ $ $ $
,GHF$?2G69:I$ +++++++ +++++++ "k$ $ $ $ $ $ $ $ $ $

*479QQGH92:$":51IE$ +++++++ +++++++ +++++++ "k$ $ $ $ $ $ $ $ $
$$$$$,FG45$-:IQ5$
N943QGE4j-QG1O4$

$ $ $ $ $ $ $ $ $ $ $ $

,FG45$-:IQ5$/15:69:I$ +++++++ +++++++ "k$ $ $ $ $ $ $ $ $ $
$$$$$-QG1O4$Sj$NGHG$
,1531275449:I$

$ $ $ $ $ $ $ $ $ $ $ $

82QHGI5$0:4HG`9Q9HE$,15697H21$ ++++++$ +++++++ +++++++ +++++++ ++"k$ $ $ $ $ $ $ $
)5G7H9M5$)5451M5$V2:9H21$ ++++++$ +++++++ ++"k$ $ $ $ $ $ $ $ $ $

*479QQGH92:$N5H57H92:$ ++++++$ +++++++ +++++++ +++++++ ++"k$ $ $ $ $ $ $ $
V265$V5H51$ ++++++$ +++++++ +++++++ +++++++ +++++++ +++++++$ "k$

$
$ $ $ $ $

Off-Line Tools: $ $ $ $ $ $ $ $ $ $ $ $
$$$$$"M5:H$-:GQE494$ ++++++$ +++++++ +++++++ +++++++ +++++++ +++++++$ ++++++$ +++++++ +++++++ +++++++ +++++++ ++"k$

$
$ $ $ $ $ $ $ $ $ $ $ $

$$$$$,2S51$%E4H5O$,51J21OG:75$
-:GQE494$

++++++$ +++++++ +++++++ +++++++ +++++++ +++++++$ ++++++$ +++++++ +++++++ +++++++ +++++++ ++"k$

$
$ $ $ $ $ $ $ $ $ $ $ $

$$$$$%E4H5O$V265Q$8GQ96GH92:$ $ $ $ $ $ $ $ $ $ $ $ $
"aR93O5:H$ +++++++ +++++++ +++++++ "k$ $ $ $ $ $ $ $ $
]5:51GH21$ +++++++ +++++++ +++++++ "k$ $ $ $ $ $ $ $ $

(8N#$0:H51H95$ ++++++$ +++++++ +++++++ +++++++ +++++++ "k$ $ $ $ $ $ $
?2G64$ ++++++$ +++++++ +++++++ +++++++ +++++++ +++++++$ "k$ $ $ $ $ $

$ $ $ $ $ $ $ $ $ $ $ $ $
Wide-Area Controls $ $ $ $ $ $ $ $ $ $ $ $
$$$$$%572:6G1E$#2:H12Q4$h$
,19OG1E$#2:H12Q$-1O9:I$

++++++$ +++++++ +++++++ +++++++ +++++++ "k$ $ $ $ $ $ $

$             

$



$ Year 
1 Q1

Year 
1 Q2

Year 
1 Q3

Year 
1 Q4

Year 
2 Q1

Year 
2 Q2$

Year 
2 Q3

Year 
2 Q4

Year 
3 Q1

Year 
3 Q2

Year 
3 Q3

Year 
3 Q4

$             

%572:6G1E$82QHGI5$#2:H12Q4$ ++++++$ +++++++ +++++++ +++++++ ++"k$ $ $ $ $ $ $ $
!9:6$%9H5$82QHGI5$#2:H12Q4$ ++++++$ +++++++ +++++++ +++++++ +++++++ "k$ $ $ $ $ $ $
,19OG1E$/1G:495:H$%HG`9Q9HE$

#2:H12Q$
++++++$ +++++++ +++++++ +++++++ +++++++ "k$ $ $ $ $ $ $

$$$$$)5I92:GQ$%HG`9Q9HE$#2:H12Q4$ $ $ $ $ $ $ $ $ $ $ $ $
)5I92:GQ$82QHGI5$%HG`9Q9HE$

#2:H12Q4$$
++++++$ +++++++ +++++++ +++++++ +++++++ +++++++$ ++++++$ ++"k$ $ $ $ $

"aR9Q9`19RO$%HGH5$#2:H12Q$ +++++++ +++++++ +++++++ +++++++ +++++++ +++++++$ +++++++ ++"k$ $ $ $ $
$$$$$0:H51+-15G$*479QQGH92:$
NGO39:I$#2:H12Q$
$

++++++$ +++++++ +++++++ +++++++ +++++++ +++++++$ ++++++$ +++++++ ++"k$ $ $ $

APPLICATION 
SIMULATOR 
DEPLOYMENT & 
TESTING 

$ $ $ $ $ $ $ $ $ $ $ $

Situational Awareness $ $ $ $ $ $ $ $ $ $ $ $
$$$$$)5GQ+H9O5$/15:69:I$ $ $ $ $ $ $ $ $ $ $ $ $

^15aR5:7E$ $ $ +++++++ ++"k$ $ $ $ $ $ $ $ $
%E4H5O$82QHGI54$ $ $ $ $$$++++$ +++++++ ++"k$ $ $ $ $ $ $

,GHF$?2G69:I$ $ $ $ $$$++++$ +++++++ ++"k$ $ $ $ $ $ $
*479QQGH92:$":51IE$ $ $ $ $ $$$++++$ +++++++$ +++++++ "k$ $ $ $ $

$$$$$,FG45$-:IQ5$
N943QGE4j-QG1O4$

$ $ $ $ $ $ $ $ $ $ $ $

,FG45$-:IQ5$/15:69:I$ $ $ $ $$$++++$ +++++++ ++"k$ $ $ $ $ $ $
$$$$$-QG1O4$Sj$NGHG$
,1531275449:I$

$ $ $ $ $ $ $ $ $ $ $ $

82QHGI5$0:4HG`9Q9HE$,15697H21$ $ $ $ $ $ $$$$$+++$ +++++++ "k$ $ $ $ $
)5G7H9M5$)5451M5$V2:9H21$ $ $ $ $$$$$+++ +++++++ "k$ $ $ $ $ $ $

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$XC$2J$KL$



$ Year 
1 Q1

Year 
1 Q2

Year 
1 Q3

Year 
1 Q4

Year 
2 Q1

Year 
2 Q2$

Year 
2 Q3

Year 
2 Q4

Year 
3 Q1

Year 
3 Q2

Year 
3 Q3

Year 
3 Q4

*479QQGH92:$N5H57H92:$ $ $ $ $ $ $$$$$+++$ +++++++ "k$ $ $ $ $
V265$V5H51$ $ $ $ $ $ $ $$$$$+++ +++++++ "k$ $ $ $

 
Wide-Area Controls 

$ $ $ $ $ $ $ $ $ $ $ $

$$$$$%572:6G1E$#2:H12Q4$h$
,19OG1E$#2:H12Q$-1O9:I$

$ $ $ $ $ $ $ $ $ $ $ $

%572:6G1E$82QHGI5$#2:H12Q4$
$

$ $ $ $ $ $$$++++$ +++++++ +++++++ "k$ $ $ $

!9:6$%9H5$82QHGI5$#2:H12Q4$ $ $ $ $ $ +++++++$ +++++++ +++++++ "k$ $ $ $
,19OG1E$/1G:495:H$%HG`9Q9HE$

#2:H12Q$
$ $ $ $ $ +++++++$ +++++++ +++++++ "k$ $ $ $

$$$$$)5I92:GQ$%HG`9Q9HE$#2:H12Q4$ $ $ $ $ $ $ $ $ $ $ $ $
)5I92:GQ$82QHGI5$%HG`9Q9HE$

#2:H12Q4$$
$ $ $ $ $ $ $ +++++++ +++++++ ++"k$ $ $

"aR9Q9`19RO$%HGH5$#2:H12Q$ $ $ $ $ $ $ $ +++++++ +++++++ ++"k$ $ $
$$$$$0:H51+-15G$*479QQGH92:$
NGO39:I$#2:H12Q4$

$ $ $ $ $ $ $ $ $ $$$$+++$ ++"k$ $

$ $ $ $ $ $ $ $ $ $ $ $ $
CONTROL CENTER AND 
RELIABILITY COORDINATOR 
APPLICATION INTEGRATION 

$ $ $ $ $ $ $ $ $ $ $ $

$ $ $ $ $ $ $ $ $ $ $ $ $
Situational Awareness $ $ $ $ $ $ $ $ $ $ $ $
$$$$$)5GQ+H9O5$/15:69:I$ $ $ $ $ $ $ $ $ $ $ $ $

^15aR5:7E$ $ $ $ $$$$+++$ +++++++ "k$ $ $ $ $ $ $
%E4H5O$82QHGI54$ $ $ $ $ $ $$$$+++$ +++++++ "k$ $ $ $ $

,GHF$?2G69:I$ $ $ $ $ $ $$$$+++$ +++++++ "k$ $ $ $ $
*479QQGH92:$":51IE$ $ $ $ $ $ $ $ $$$$+++$ +++++++ ++"k$ $ $

$$$$$,FG45$-:IQ5$
N943QGE4j-QG1O4$

$ $ $ $ $ $ $ $ $ $ $ $

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$X;$2J$KL$
$



$ Year 
1 Q1

Year 
1 Q2

Year 
1 Q3

Year 
1 Q4

Year 
2 Q1

Year 
2 Q2$

Year 
2 Q3

Year 
2 Q4

Year 
3 Q1

Year 
3 Q2

Year 
3 Q3

Year 
3 Q4

,FG45$-:IQ5$/15:69:I$ $ $ $ $ $ $$$$+++$ +++++++ "k$ $ $ $ $
$$$$$-QG1O4$Sj$NGHG$
,1531275449:I$

$ $ $ $ $ $ $ $ $ $ $ $

82QHGI5$0:4HG`9Q9HE$,15697H21$ $ $ $ $ $ $ $ $$$$+++$ +++++++ +"k$ $ $
)5G7H9M5$)5451M5$V2:9H21$ $ $ $ $ $ $$$$$$++$ +++++++ "k$ $ $ $ $

*479QQGH92:$N5H57H92:$ $ $ $ $ $ $ $ $$$$+++$ +++++++ +"k$ $ $
V265$V5H51$ $ $ $ $ $ $ $ $ $$$++++$ +++++++ "k$

$
$

$$$$$N53Q2EO5:H$2J$%9HRGH92:GQ$
-SG15:544$/22Q4$-71244$
0:H5172::57H92:$

$ $ $ $
$$$$+++$

$
+++++++

$
+++++++$

$
+++++++

$
+++++++

$
+++++++

$
+++++++

$
"k$

$

$             

Wide-Area Controls 
 

$ $ $ $ $ $ $ $ $ $ $ $

$$$$$%572:6G1E$#2:H12Q4$h$
,19OG1E$#2:H12Q$-1O9:I$

$ $ $ $ $ $ $ $ $ $ $ $

%572:6G1E$82QHGI5$#2:H12Q4$ $ $ $ $ $ +++++++$ +++++++ +++++++ ++"k$ $ $ $
!9:6$%9H5$82QHGI5$#2:H12Q4$ $ $ $ $ $ $$$$+++$ +++++++ +++++++ +++++++ ++"k$ $ $
,19OG1E$/1G:495:H$%HG`9Q9HE$

#2:H12Q$
$ $ $ $ $ $$$$+++$ +++++++ +++++++ +++++++ ++"k$ $ $

$$$$$)5I92:GQ$%HG`9Q9HE$#2:H12Q4$ $ $ $ $ $ $ $ $ $ $ $ $
)5I92:GQ$82QHGI5$%HG`9Q9HE$

#2:H12Q4$$
$ $ $ $ $ $ $ $ +++++++ +++++++ +++++++ "k$

"aR9Q9`19RO$%HGH5$#2:H12Q$ $ $ $ $ $ $ $ $ +++++++ +++++++ +++++++ "k$
     Inter-Area Oscillation 
Damping Controls 

$ $ $ $ $ $ $ $ $ +++++++ +++++++ ++"k$

$

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$XX$2J$KL$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$XK$2J$KL$
$

,15Q9O9:G1E$,12[57H$#24H$,12[57H92:$$
$

 
Project Element 

 
Total 

 
Year 1 

 
Year 2 

 
Year 3 

 

Infrastructure: 

,QG::9:I$ f$$$$$K<=V f$$$$$$$K<=V
N549I:jVGH519GQ4$ f$$$XC<=V$$ f$$$$$CK<=V f$$$$$$@C<=V f$$$$$$$K<=V

#2:4H1R7H92:$ f$$$CD<CV f$$$$$@C<@V f$$$$$$@C<@V f$$$$$$$K<=V
$
Applications: 

%9HRGH92:GQ$-SG15:544P$
,QG::9:I$ f$$$$$@<LV f$$$$$$$@<LV

N5M5Q23O5:HjN53Q2EO5:H$ f$$$$$@<CV f$$$$$$$@<CV
$

#2:H12Q4P$
,QG::9:I$ f$$$$$C<@V f$$$$$$@<KV f$$$$$$=<_V

N5M5Q23O5:H$ f$$$$$@<;V f$$$$$$=<LV f$$$$$$=<XV f$$$$$$=<@V
N53Q2EO5:H$ f$$$@K<=V f$$$$$$C<=V f$$$$@=<=V f$$$$$$;<=V

$
*JJ+?9:5$/22Q4P$

N5M5Q23O5:H$ f$$$$$=<_V f$$$$$$=<_V $
N53Q2EO5:H$ f$$$$$@<LV f$$$$$$@<CV f$$$$$$=<_V

Total: f$@==<=V f$$$$K@<CV f$$$$;K<AV f$$$$@;<@V
$

$



Appendix 2: Current Project Participants   

$
-15MG$
Z2::5M9QQ5$,2S51$-6O9:94H1GH92:$
#GQ9J21:9G$0%*$
#GQ9J21:9G$":51IE$#2OO94492:$
"Q57H197$,2S51$]12R3$
,G79J97$]G4$G:6$"Q57H197$
iRG:HG$
%GQH$)9M51$,12[57H$
%0%#*$
%2RHF51:$#GQ9J21:9G$"6942:$
!"##$

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,



$

Appendix 3: Smart Grid Investment Grant Program  

,51H9:5:H$^*-$b$====KL$)5J515:754$
$

o$ ,R13245$2J$%OG1H$]196$0:M54HO5:H$]1G:H$T%]0]U$,12I1GO$94$
H2oO2651:9\5$HF5$:GH92:e4$5Q57H197$H1G:4O94492:o<4E4H5O4$G:6$
312O2H5$9:M54HO5:H4oSF97F$9:715G45$JQ5Y9`9Q9HEB$JR:7H92:GQ9HEB$
9:H512351G`9Q9HEB$7E`51$457R19HEB$49HRGH92:GQ$GSG15:544B$G:6$
2351GH92:GQ$5JJ9795:7E<$

$
o$ ,15J515:75$H2$G7H9M9H954$HFGH$7G:$`5$4HG1H56$G:6$72O3Q5H56$
5Y3569H92R4QE$

$
o$ V5G4R15G`Q5$9O312M5O5:H4$G15$6549156$9:P$

o$ )5Q9G`9Q9HE$
o$ "Q57H197$32S51$4E4H5O$724H4$
o$ ":M912:O5:HGQ$9O3G7H4$
o$ #Q5G:$5:51IE$65M5Q23O5:H$
o$ "72:2O97$23321HR:9H954$J21$`R49:54454$G:6$:5S$[2`4$J21$
S21W514$

$
o$ %]0]$]2GQ4$HFGH$HF94$312[57H4$4F2RQ6$G661544$9:7QR65P$

o$ *3H9O9\9:I$G445H$RH9Q9\GH92:$G:6$2351GH9:I$5JJ9795:7E$$
o$ -:H9793GH9:I$G:6$15432:69:I$H2$4E4H5O$694HR1`G:754$
o$ *351GH9:I$1549Q95:HQE$H2$GHHG7W4$G:6$:GHR1GQ$694G4H514$$
o$ 0O312M5O5:H4$9:P$*RHGI5$65H57H92:B$5aR93O5:H$
OG9:H5:G:75B$G445H$65J511GQB$724H+5JJ57H9M5QE$9:H5I1GH9:I$
15:5SG`Q54B$G6MG:756$72:H12Q$O5HF264B$G:6$6579492:$
4R3321H$TM94RGQ9\GH92:$H22Q4B$49ORQGH92:$O265Q9:IB$G:6$
32S51$4E4H5O4$G:GQE494U$

$
o$ %]0]$6549154$312[57H4$J21$6549I:B$G7aR949H92:B$9:4HGQQGH92:B$
72OO94492:9:IB$G:6$H1G9:9:I$J21$,V>4<$,12[57H4$7G:$9:7QR65$
FG16SG15B$42JHSG15$HFGH$3127544B$OG:GI5B$4H215B$H1G:4O9HB$
15759M5B$21$65Q9M51$,V>$O5G4R15O5:H$6GHG<$,12[57H4$7G:$GQ42$
9:7QR65$G33Q97GH92:4$HFGH$RH9Q9\5$,V>$6GHG$J21$5:FG:79:I$HF5$
15Q9G`9Q9HE$G:6$2351GH92:GQ$5JJ9795:7E$2J$HF5$'GH92:e4$32S51$4E4H5O<$
$

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$XA$2J$KL$
$



o$ /1G:4O94492:+?5M5Q$V5H1974$G15$HF5$:RO`51$2J$9:4HGQQGH92:$329:H4$
G:6$35175:HGI5$G:6$OGI:9HR65$2J$H2HGQ$Q2G6$72M5156$`EP$

!$ ,V>4$
!$ ,N#4$HFGH$4FG15$6GHG$S9HF$2HF51$3G1H954$9:$4R3321H$2J$
15Q9G`9Q9HE$OG:GI5O5:H$

!$ )5GQ+H9O5$OG:GI5O5:H$G:6$M94RGQ9\GH92:$4E4H5O4$
15759M9:I$6GHG$J12O$,V>4$G:6$,N#4$

!$ -RH2OGH56$5Q57H197$H1G:4O94492:$4E4H5O4$21$
32445449:I$G6MG:756$O5G4R15O5:H4$

o$ /F94$312[57H$31232454$G6MG:754$9:$5G7F$2J$HF545$O5H1974$
$

o$ #19H97GQ$I2GQ$94$H2$5Y3G:6$HF5$:RO`51$G:6$72M51GI5$2J$,V>4$9:$
5G7F$9:H5172::57H92:$HFGH$J556$HF591$2RH3RH$9:H2$G$:5HS21W$HFGH$o$
p7G:q$65H57H$G:6$O9H9IGH5$S965+G15G$694HR1`G:754<$
$

o$ ]1G:H4$G15$H2$4R3321H$HF5$OG:RJG7HR19:IB$3R17FG49:I$G:6$
9:4HGQQGH92:$2J$4OG1H$I196$65M9754$J21$9OO569GH5$R45$

$
o$ '-%,0$G:6$'-%,0:5H$G15$J5GHR156P$

$
o$ n-669H92:GQ$9H5O4$H2$72:49651$9:$HF5$G33Q97GH92:$9:7QR65P$-$
6547193H92:$2J$5JJ21H4$9:M2QM9:I$'-%,0:5H$G:6$3FG421$
IGH5SGE4$J21$4FG19:I$6GHG$2RH4965$2J$HF5$312[57He4$451M975$
H5119H21E$21$I52I1G3F97$`2R:6G1954<e$

o$ n^21$HF245$312[57H4$HFGH$9:M2QM5$653Q2EO5:H$2J$,V>4$G:6$
15QGH56$65M9754$2:$5Q57H197$H1G:4O94492:$21$694H19`RH92:$
4E4H5O4B$HF515$94$G:$23321HR:9HE$H2$5G1:$312I15449M5QE$F9IF51$
H57F:97GQ$O519H$1GH9:I4$J21$G33Q97GH92:4$HFGH$9:7QR65$HF5$
J2QQ2S9:I$J5GHR154P$#2::57H9:I$S9HF$21IG:9\GH92:4$4R7F$G4$
'-%,0:5H$H2$GQQ2S$J21$HF5$4FG19:I$2J$15Q5MG:H$6GHG$S9HF$
5YH51:GQ$3G1H954$9:$4R3321H$2J$15Q9G`9Q9HE$OG:GI5O5:H<e$

$
o$ ^R:69:I$94$f;<X$Z9QQ92:$S9HF$X=r$H2$4OGQQ51$312[57H4$Tf;;=m+
fC=VU$G:6$_=r$H2$QG1I51$312[57H4$TfC=V$+$fC==VU$
$

o$ K=r$2J$H2HGQ$312[57H$724H4$OR4H$`5$OGH7F56$
$

o$ ,51J21OG:75$351926$94$;$E5G14$
$

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,



o$ #22169:GH9:I$72R:79Q4$G15$5Q9I9`Q5$G33Q97G:H4B$,2S51$VG1W5H9:I$
-I5:7954$G15$5Q9I9`Q5$J21$4R3321H9:I$12Q54B$`RH$:2H$319O5$12Q54B$
G:6$:GH92:GQ$QG`21GH21954$G15$:2H$5Q9I9`Q5<$*HF51$5Q9I9`Q5$
G33Q97G:H4$9:7QR65$5Q57H197$32S51$72O3G:954B$4HGH54$G:6$Q27GQ$
GI5:7954B$R:9M5149H954$G:6$72QQ5I54B$5Q57H1979HE$72:4RO514B$
OG:RJG7HR1514B$0,,4B$5:51IE$451M975$312M96514B$OG1W5H514B$G:6$
2HF514<$

$
o$ V519H$)5M95S$#19H519GP$

$
o$ -65aRG7E$2J$/57F:97GQ$-3312G7F$J21$5:G`Q9:I$%OG1H$
]196$^R:7H92:$TX=rU$

o$ -65aRG7E$2J$,QG:$J21$,12[57H$/G4W4B$%7F56RQ5B$
VG:GI5O5:HB$iRGQ9J97GH92:4B$G:6$)94W4$TCKrU$

o$ -65aRG7E$2J$/57F:97GQ$-3312G7F$J21$-6615449:I$
0:H512351G`9Q9HE$G:6$#E`51+%57R19HE$TC=rU$

o$ -65aRG7E$2J$,QG:$J21$NGHG$72QQ57H92:$G:6$-:GQE494$2J$
,12[57H$#24H4$G:6$Z5:5J9H4$T@KrU$
$

o$ ?5HH51$2J$0:H5:H$H2$-33QE$6R5$.RQE$@_B$C==D$
$

o$ -33Q97GH92:$TX=$3GI54$s$G335:69754U$6R5$-RIR4H$_B$C==D$
$

o$ -:H9793GH56$GSG164$9:$*7H2`51B$C==D$
$
$
$$
$
$
$

$
$
$
$
$
$

$
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Appendix 4: Existing and Future PMUs 

$

!"#$%#&'!()*$!
!"#$%&"'! ()*$'&+$%&"'! ,-%.")/-0!

@<$$$]1G:6$#2RQ55$ Z,-$ &54$

C<$$$.2F:$NGE$ Z,-$ &54$

;<$$$VGQ9:$ Z,-$ &54$

X<$$$#2Q4H193$ '!"$ &54$

K<$$$Z9I$"66E$C;=$ Z,-$ &54$

_<$$$Z9I$"66E$K==$ Z,-$ &54$

A<$$$%EQOG1$+$?N!,$ ?N!,$ &54$

L<$$$VG3Q5$8GQQ5E$ Z,-$ &54$

D<$$$m55Q51$ Z,-$ &54$

@=<$$#G3HG9:$.G7W$ Z,-$ &54$

@@<$$%ROO51$?GW5$ Z,-$ &54$

@C<$$%QGHH$ Z,-$ &54$

@;<$$%#"$N5M514$ %#"$ &54$

@X<$$%#"$89:75:H$ %#"$ &54$

@K<$$V7'G1E$C;=$ Z,-$ &54$

@_<$$V7'G1E$K==$ Z,-$ &54$

@A<$$-4F5$K==$ Z,-$ &54$

@L<$$Z5QQ$K==$$ Z,-$ &54$

@D<$$Z5QQ$C;=-$ Z,-$ &54$

C=<$$Z5QQ$C;=Z$ Z,-$ &54$

C@<$$#F95J$.2453F$K==$ Z,-$ &54$

CC<$$#F95J$.2453F$C;=-$ Z,-$ &54$

C;<$$#F95J$.2453F$C;=Z$ Z,-$ &54$

CX<$$#R4H51$K==$ Z,-$ &54$

CK<$$#R4H51$C;=$ Z,-$ &54$

C_<$$]G11942:$K==$ Z,-$ &54$

CA<$$]G11942:$C;=$ Z,-$ &54$

CL<$$-RQH$;XK$+$!-,-$?#$ !-,-$ &54$

CD<$$Z5G14$"G14$;XK$+$!-,-$?#$ !-,-$ &54$

;=<$$%F93127W$;XK$+$!-,-$?#$ !-,-$ &54$

;@<$$&5QQ2S$/G9Q$+$!-,-$?#$ !-,-$ &54$

;C<$$V5G6$C;=$ %#"$ &54$

;;<$$89:75:H$ %#"$ &54$

;X<$$V2FGM5$]$%$ %#"$ &54$

;K<$$N5M514$ %#"$ &54$

;_<$$Z9I$#155W$;$ %#"$ &54$

;A<$$-QGO9H24$]$%$ %#"$ &54$

;L<$$%G:$*:2J15$%S9H7FEG16$ %#"$ &54$

;D<$$m1GO51$ %#"$ &54$

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,



$

!"#$%#&'!()*$!
!"#$%&"'! ()*$'&+$%&"'! ,-%.")/-0!

X=<$$N5M514$@@K$ %#"$ &54$

X@<$$-:H5Q235$__$ %#"$ &54$

XC<$$8GQQ5E$@@K$ %#"$ &54$

X;<$$VGIR:65:$ %#"$ &54$

XX<$$"Q621G62$ %#"$ &54$

XK<$$?RI2$ %#"$ &54$

X_<$$#2:H12Q$ %#"$ &54$

XA<$$V91G$?2OG$ %#"$ &54$

XL<$$%511G:2$ %#"$ &54$

XD<$$)57H21$C;=$ %#"$ &54$

K=<$$)57H21$__$ %#"$ &54$

K@<$$V96SGE$K==$ ,]h"$ &54$

KC<$$N9G`Q2$#G:E2:$ ,]h"$ &54$

K;<$$/54QG$K==$ ,]h"$ &54$

KX<$$V244$?G:69:I$ ,]h"$ &54$

KK<$$,9HH4`R1I$C;=$ ,]h"$ &54$

K_<$$?24$ZG:24$K==$ ,]h"$ &54$

KA<$$)2R:6$VH:<$K==$$ ,]h"$ '2$

KL<$$/G`Q5$VH:<$K==$ ,]h"$ '2$

KD<$$^2R1$#21:514$K==$W8$&G16$ -,%$ '2$

_=<$$^2R1$#21:514$;XK$EG16$ -,%$ '2$

_@<$$'GMG[2$]<%<$ -,%$ '2$

_C<$$,GQ2$85165$]<%<$ %),$ '2$

_;<$$,9::G7Q5$,5GW$ -,%$ '2$

_X<$$!54HS9:I$ -,%$ '2$

_K<$$(G44GEGO3G$ %),$ '2$

__<$$#212:G62$]<%<$ %),$ '2$

_A<$$mE15:5$ %),$ '2$

_L<$$0:IQ562S$ Z#($ '2$

_D<$$NR:4OR91$ Z#($ '2$

A=<$$'972QG$ Z#($ '2$

A@<$$!9QQ94H2:$ Z#($ '2$

AC<$$%5QW91W$ Z#($ '2$

A;<$$V9:5HH5$ Z#($ '2$

AX<$$)5M5Q4H2W5$ Z#($ '2$

AK<$$V97G$ Z#($ '2$

A_<$$]V%$ Z#($ '2$

AA<$$]V%$ Z#($ '2$

AL<$$?G:I62:$ -QHGQ9:W$ '2$

AD<$$%EQOG1$ ?-N!,$ &54$

L=<$$Z+-$ ,'V$ '2$

L@<$$%G:$.RG:$ ,'V$ '2$

LC<$$!54H$V54G$T-Q`RaR51aR5$!54HU$ ,'V$ '2$

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,GI5$K@$2J$KL$



!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,

!"#$%#&'!()*$!
!"#$%&"'! ()*$'&+$%&"'! ,-%.")/-0!

L;<$$]RG6GQR35$T!54H$2J$%G:HG$)24GU$ ,'V$ '2$

LX<$$)2I514$/FR:6514H215$ %),$ '2$

LK<$$%G:HG:$/FR:6514H215$ %),$ '2$

L_<$$/FR:6514H215$)2I514$ %),$ '2$

LA<$$/FR:6514H215$%G:HG:$ %),$ '2$

LL<$$-IRG$^19G$+$!F9H5$/G:W4$C;=mM$ %),$ '2$

LD<$$-:65142:+*1O5$C;=mM$ %),$ '2$

D=<$$Z1G:62S+9::G7Q5$,5GW$C;=mM$ %),$ '2$

D@<$$,GQ2$85165+!54HS9:I$K==mM$ %),$ '2$

DC<$$,9:GQ$!54H$+$(G44GEGO3G$K==mM$ %),$ '2$

D;<$$Z12S:Q55+*Y`2S$tC$ 0,#*$ '2$

DX<$$#GQQ6S5QQ+?27R4H$ 0,#*$ '2$

DK<$$?27R4H+#G6S5QQ$ 0,#*$ '2$

D_<$$V96329:H+(R:H$ 0,#*$ '2$

DA<$$Z2945Z5:7F+S55$ 0,#*$ '2$

DL<$$V9IR5Q$C;=$ %N]"$ '2$

DD<$$V9IR5Q$K==$ %N]"$ '2$

@==<$V94492:$C;=$ %N]"$ '2$

@=@<$V94492:$K==$ %N]"$ '2$

@=C<$%E7GO215$#G:E2:$C;=$ %N]"$ '2$

@=;<$-:65142:$@$ -"%*$ '2$

@=X<$-:65142:$C$ -"%*$ '2$

@=K<$-:65142:$;$ -"%*$ '2$

@=_<$Z5G1$#155W$$ -"%*$ '2$

@=A<$Z5:GQH2$ -"%*$ '2$

@=L<$#F9:$#FRH5$ -"%*$ '2$

@=D<$#GQ39:5$ -"%*$ '2$

@@=<$#2165Q$@$ -"%*$ '2$

@@@<$#2165Q$C$ -"%*$ '2$

@@C<$#2165Q$;$ -"%*$ '2$

@@;<$"O31544$ -"%*$ '2$

@@X<$m5HHQ54$ -"%*$ '2$

@@K<$?G:I62:$ -"%*$ '2$

@@_<$VGI1GHF$ -"%*$ '2$

@@A<$V7Z1965$?GW5$ -"%*$ '2$

@@L<$ZGQ\G7$ -"%*$ '2$

@@D<$#GMGQ951$ -"%*$ '2$

@C=<$)RHF$?GW5$ -"%*$ '2$

@C@<$%R:6G:75$ -"%*$ '2$

@CC<$%2651IQ5:$ -"%*$ '2$

@C;<$%ROO51M95S$ -"%*$ '2$

@CX<$/G`51$ -"%*$ '2$

@CK<$#G145QG:6$ -"%*$ '2$



$

!"#$%#&'!()*$!
!"#$%&"'! ()*$'&+$%&"'! ,-%.")/-0!

@C_<$!F9H5J94F$ -"%*$ '2$

@CA<$]5:54455$@$ -"%*$ '2$

@CL<$]5:54455$C$ -"%*$ '2$

@CD<$#1E4HGQ$ '"8,$ '2$

@;=<$-35Y$ '"8,$ '2$

@;@<$V5G6$ '"8,$ '2$

@;C<$%9QM51(GSW$ '"8,$ '2$

@;;<$?5:\95$@$ '"8,$ '2$

@;X<$?5:\95$C$ '"8,$ '2$

@;K<$#GO3$!9QQ9GO4$ ,-#$ '2$

@;_<$.9O$Z196I51$ ,-#$ '2$

@;A<$8GQOE$ %,)$ '2$

$
$
$
$
$
$
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$

+,''-$%-.!()*$!
!"#$%&"'! ()*$'&+$%&"'! 12**-3%-0!!45! 6&3&4&7&%5!"89!

:;!!!<0-7$'%"! !=>?! =@>A! =B!

C;!!!D'%-)E"2'%$&'! !=>?! =@>AF,GHB! =B!

I;!!!@$)/-%J7$#-! !=>?! =@>A! 16B!

K;!!!<0-7$'%"! !=>?! =@>A! 16B!

L;!!!?$27! M?<! =@>A! A-'-)$%&"'!

N;!!!DEJ-)&$7!6$77-5! 1=AG! =@>A! A-'-)$%&"'!

O;!!!157E$)! !=>?! =@>A! =B!

P;!!!Q"72#$! !=>?! =@>A! !"$0!

R;!!!=.")3S$/!! M?<! =@>A! A-'-)$%&"'!

:T;!!!".-)!A)$'&%-! M?<! =@>A! A-'-)$%&"'!

::;!!!".-)!@"'2E-'%$7! M?<! =@>A! A-'-)$%&"'!

:C;!!!&%%7-!A""3-! M?<! =@>A! A-'-)$%&"'!

:I;!!A)&++75! M?<! =@>A! Q)$'3E&33&"'!

:K;!!@&0J"&'%! D?B(! =@>A! Q)$'3E&33&"'!

:L;!!@"'$! ?<B! =@>A!! Q)$'3E&33&"'!

:N;!!!&445! M?<! =@>A! Q)$'3E&33&"'!

:O;!!M")$S! D?B(! =@>A! Q)$'3E&33&"'!

:P;!!U&'J")%! D?B(! =@>A! Q)$'3E&33&"'!

:R;!!A)-$%!V$773! ,>@Q! =@>A! Q)$'3E&33&"'!

CT;!!@<Q!! <!Q<!D,U! =@>A! Q)$'3E&33&"'!

C:;!!!2'$! G?G! ,GHB! Q)$'3E&33&"'!

CC;!!,-.E$'! G?G! ,GHB! A-'-)$%&"'!

CI;!!A)--'7--! QG?! ,GHB! Q)$'3E&33&"'!

CK;!!6$&7! QG?! ,GHB! Q)$'3E&33&"'!

CL;!!1J)&'*-)W&77-! QG?! ,GHB! A-'-)$%&"'!

CN;!!Q)$#5! 1?H! ,GHB! Q)$'3E&33&"'!

CO;!!A"'0-)! 1?H! ,GHB! Q)$'3E&33&"'!

CP;!!M-'!!"E"'0! ?<B! ,GHB! Q)$'3E&33&"'!

CR;!!@"'$! ?<B! ,GHB! Q)$'3E&33&"'!

IT;!!1&*2)0! ?<B! ,GHB! Q)$'3E&33&"'!

I:;!!H-0!M2%%-! ?<B! ,GHB! Q)$'3E&33&"'!

IC;!!!$)$E&-!H&W-)!1%$%&"'! Q1AQ! ,GHB! A-'-)$%&"'!

II;!!>5"0$/! ?<B! ,GHB! Q)$'3E&33&"'!

IK;!!B)$&*! ><?<! ,GHB! A-'-)$%&"'!

IL;!!@&0.$5! ?1B(! ,GHB! Q)$'3E&33&"'!

IN;!!B2)-#$'%&! ><?<! ,GHB! Q)$'3E&33&"'!

IO;!!<27%! ?H?<! ,GHB! Q)$'3E&33&"'!

IP;!!V%;!1%;!6)$&'! ?1B(! ,GHB! A-'-)$%&"'!

IR;!!<'%-7"J-!>&'0! 1BG! ?)"J"3$7!Q-$E! >&'0!1&%-!

KT;!!<)7&'*%"'!>:! M?<! ?)"J"3$7!Q-$E! >&'0!1&%-!

K:;!!M&*!X")'! M?<! ?)"J"3$7!Q-$E! >&'0!1&%-!

!"##$%E:7F12+,FG421$!F9H5$,G351$ $ ,



$

+,''-$%-.!()*$!
!"#$%&"'! ()*$'&+$%&"'! 12**-3%-0!!45! 6&3&4&7&%5!"89!

KC;!!B"'%)$!B"3%$!>&'0! ?AYG! ?)"J"3$7!Q-$E! >&'0!1&%-!

KI;!!=-W-)3!>&'0! 1BG! ?)"J"3$7!Q-$E! >&'0!1&%-!

KK;!!G1!Z2$)-+!>:! 1=AG! ?)"J"3$7!Q-$E! >&'0!1&%-!

KL;!!A"70-'!X&773!>:! M?<! ?)"J"3$7!Q-$E! >&'0!1&%-!

KN;!!U7"'0&/-!>I"<! M?<! ?)"J"3$7!Q-$E! >&'0!1&%-!

KO;!!!-$'&'*!Z2'&J-)!>C! M?<! ?)"J"3$7!Q-$E! >&'0!1&%-!

KP;!!!&%%7-!A""3-!>:! M?<! ?)"J"3$7!Q-$E! >&'0!1&%-!

KR;!!@&78")0!>&'0! !=>?! ?)"J"3$7!Q-$E! >&'0!1&%-!

LT;!!,@!>&'0[GB:! ?,@! ?)"J"3$7!Q-$E! >&'0!1&%-!

L:;!!?Q\!(A,:! ?1B(! ?)"J"3$7!Q-$E! >&'0!1&%-!

LC;!!?Q\!(A,C! ?1B(! ?)"J"3$7!Q-$E! >&'0!1&%-!

LI;!!1S-JS-)03[V7$%!>:! M?<! ?)"J"3$7!Q-$E! >&'0!1&%-!

LK;!!1S-JS-)03[V7$%!>C! M?<! ?)"J"3$7!Q-$E! >&'0!1&%-!

LL;!!1S-JS-)03[V7$%!>I! M?<! ?)"J"3$7!Q-$E! >&'0!1&%-!

LN;!!1S&7"S!DDD! ?AYG! ?)"J"3$7!Q-$E! >&'0!1&%-!

LO;!!Q-S$#S$J&[CKCLC! 1BG! ?)"J"3$7!Q-$E! >&'0!1&%-!

LP;!!Q-S$#S$J&[CKCLK! 1BG! ?)"J"3$7!Q-$E! >&'0!1&%-!
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Appendix 5: Glossary of Terms 
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