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Project Overview

» The objective is to develop a more informative, actionable and predictive phasor-based
application.

» Support: PNNL-LDRD in 2007; and U.S. DOE's Office of Electricity Delivery and Energy
Reliability through the Consortium for Electric Reliability Technology Solutions (CERTS)

» Developed a new CELL methodology and a demonstration tool capable of:
= Monitoring dynamic behaviors of power systems
= |dentifying system disturbances
= Providing wide-area situation awareness far beyond a single control area

= Supplying predictive and actionable information (in progress) — DOE Peer Review
recommendation

» Field demonstration (in progress).
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The Idea of CELL (2)

: : » Sudden volume change
Volume Onsntation System disturbance

t (Spatial > Volume and shape
magnitude) Spread of disturbance

» Orientation
Disturbance location

» Shape and orientation
System’s prevailing motions

» Speed of volume change
Generalized damping

Size N > Use decision trees to recognize
Eccentricity disturbances and their attributes
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The ldea of CELL (3)
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The Idea of CELL (4)

Severe
Disturbance

Delta C

Delta B

Delta A

o

Pacific Northwest
MNATIONAL LABORATORY



The Idea of CELL (5)

System C moves
““againstAand B
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The Idea of CELL (6)

Systems A and B are osc:|llate in
_ phase; - |

System C mOVes opposﬂe

Delta C
s
!

Delta A

Delta B
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Methodology of CELL

Y VYV

YV V V

System behavior == trajectory in phasor measurements
space == the most recent part of the trajectory == CELL

Trajectory == differential and algebraic equations (DAE)
DAE == single quadratic algebraic equation:

(d
d_);i: F (X %0000 %)
dx
o O X) a2 aytra,yi=c
N
—n_F ,X """ Xn
dt n(xi 2 )

Optimization procedure ==» minimize the volume of CELL
CELL encloses all recent points of system trajectory

Key characteristics of CELL:
¢ volume

¢ eccentricity

¢ orientation of axes

¢ derivative of the volume
¢ characteristic sizes
¢ projection of axes

BPAL 007242225 - Jul. 24, 2006 33:25:00 - 22:29:59.967 - Voltape Magnitudes

Vahume: 2 261356007
Seconds Elapsed: 215333

B g e ok (i e 10 Quonemcipd
NGRS L Aans ¢ 08 80

Area: &mmps

0% 0 0% 0% 1
Y-Axis

Arsi: B 633006
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CELL + DT Methodology

» Moving from CELL’s
characteristic to physically
meaningful information

» Decision trees are employed

» Physically meaningful system
events and behaviors:

¢ disturbances

(type, location, size, etc)
¢ generalized damping
¢ coherency of motions

12

PMU Characteristic
measurements Ellipsoid
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CELL+DT Results

> Tested on the full WECC operational model: » Performance (overall average accuracy)

= 16,031 buses = Event types (5 types): 97.48%;
= 3,993 transmission lines = Fault locations (9 zones): 99.01%
= 3,216 generators = Line trip locations (9 zones): 95.21%
= 6,330 transformers = | oad loss locations (3 zones): 98.24%
> Operating conditions = Generator trip locations (13 zones). 97.86%

= 2009 heavy summer base case
= 25 operating conditions

» Simulated five type of events at various locations
= Generator trips: 112 machines
= Line trips: 117 transmission lines
= Three-phase faults: 111 bus locations
= |oad loss: 34 loads
= Shunt switching: 23 locations
= Qver 19K simulations
» Select only 12 PMUs across WECC to identify
types and locations of various events
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Predictive CELL (1)

» Evaluate available security margin
= Build security region represented as wide area N

nomograms | | Predcted CELL 7
= Calculate the shortest distance to security Trend With
boundary Uncertainty

» Build probabilistic CELL

= Statistical analysis with different confidence
levels

Predicted CELL
Size & Orientation

= Calculate CELL'’s probabilistic characteristic
indices
» Predict future CELL trace (center, shape and
orientation)
= Violation type and probability Secuty Region
= Places where possible violation may occur (WAMN)
= Time remaining to violation

= Propose preventive corrective actions when
needed \ﬁ/

Observed
Trajectory
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Virtual Reality Representation of the
CELL Within the Security Region
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Predictive CELL (2)

Example Forecast Interval

» Example:

m 90% probability forecast 87 . At E
1 o &0 Our model | :
interval. S 4 — 9% nterval ;
. 3 /" |
® 1to 10 minutes ahead. g_ o |
a Q * * * |
E $ — * - * - E
m 9/10 actual values are - . ‘ . 5
found within forecast s . |
region. o | . . E

g R _I e I I I i I I

] 0 o 10 15 20 25 30

m 7/10 predicted values Minute

within £0.5 electrical

degree of the actual. \‘?/
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Predictive CELL (3)

Example Forecast Interval

_ ; e » Example (cont.):

90% Interval (10 Min.) m Forecasts updat&d by

minute (after initial 2
hrs).

m 90% confidence.

m 10-minute ahead
forecasts.

PA Difference
1

1
I T | I I I | I
0 200 400 E00 800 1000 1200 1400

Minute

» Other than one large drop, series within bounds.

» Detected large deviations — this is a signal that the system
starts to move strangely or faster. \74/
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Ul Voice + Graphics (in progress)
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Contact

» Yuri Makarov
» Emall: yuri.makarov@pnnl.qgov
» Phone: 509 372 4194
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