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.  Agenda
Vv Y

Why do we need it?
What have we done?
Did it work?

Where are we going?
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NYISO March 29, 2006 Demo

GoalArt”

System Overview Original | Goalévt | Signals |

All Events [39]

[ Scrall Lock

Time: d

FREQUENCY_L
GEM_CHAT_HIGH_FALLS_HYD_L
GEM_HQ_CEDARS_EXT
GEM_HQ_CEDARS_L
GEM_LWR_RAGUTTE_HYD: L

Description

FREQUENCY Lows Alarm

Generator CHAT_HIGH_FALLS_HYD Trip
Generator HG_CEDARS External Fault
Generator HQ_CEDARS Trip

Generator LWR_RAQUTTE_HYD Trip

GEN_NEG_MORTH_FALCN_SE...
GEM_MEG_MORTH_KES_CHAT. ..
GEM_MEG_MORTH_PLATTS H...
GEM_MIAGARA_216_L
GEM_MIAGARA_236 L

Generator NEG_NORTH_FALCN_SEA Trip
Generator NEG_NORTH_KES_CHATG Trip
Generator NEG_NORTH_PLATTS_HY Trip
Generator NIAGARA_216 Trip
Generator NIAGARA 236 Trip

GEN_NIAGARA_266_L
GEM_M_END_FSB_CT1_L
GEM_M_END_FSE_CT2 L
GEM_SISSOMVILLE_ExT
GEM_SISSOMVILLE |

Generator NIAGARA_266 Trip
Generator N_END_FSE_CTL Trip
Generator N_EMD_FSB_CT2 Trip
Generator SISSOMYILLE External Fault
Generator SISSOMYILLE Trip

GER_ST_LAWRENCE L
GEM_UPFER_RAQUTTE_HYD_L
LIN_ALCOA_ALCOA L
LIN_ALCOA_DENNISOR_L
LIN_ALCCHA_M_MOSES, L

Generator 5T_LAWREMCE Trip
Generator UPPER_RAQUTTE_HYD Trip
Ling ALCOA_ALCOA N Trp

Ling ALCOA_DENMISON Trip

Line ALCOA_N_MOSES Trip

LIN_ASHLEYRD_PLATSERG L
LIN_ERNDSYLE_KENTS_FL_L
LIN_ERNDSYLE _WILLIS L
LIN_CEDARS_ROSEMNTA_L
LIN_COLTON_MCINTYRE L

Line ASHLEYRD_PLATSERG Trip
Ling ERMDSYLE_KEWTS_FL Trip
Line BRMDSWLE_WILLIS Trip
Line CEDARS_ROSEMNTA Trip
Line COLTOM_MCINTYRE Trip

LIN_COLTON_SANDSTON_L
LIN_DENKISON_ROSEMNTA_L
LIN_KEMTS_FL_WILLIS L
LIN_MCINTYRE_NOGDNERG_L
LIN_MNIAGARA_MOSES_L

Line COLTOM_SAMDSTOM Trip
Ling DEMNISON_RGSEMNTA Trip
Line KENTS_FL_WILLIS Trip
Line MCINTYRE_NOGDHERS Trip
Line MIAGARA _MOSES Trip

LIN_NOGDNERG_ALCOA L
LIN_N_END_ASHLEVRD_L
LIN_M_EMD_PLATSERG L
LIN_PLATSERG_WILLIS_L
LIN_SANDSTOM_DEMMISON_L

Line MOGDMERG_ALCOA Trip
Ling M_END_ASHLEYRD Trip
Line M_FND_PLATSERG Trip

Ling PLATSBRGE_WILLIS Trip
Line SAMDSTOM_DEMNISON Trip

LIN_STLAWRKC_MOSES_INT
LIN_STLAWRNC_MOSES_L
LIN_WILLIS_MOSES_L

10:42:02  LOA_COLTOM_L15KY_GEN_L

Line STLAWRNC_MOSES Breakers Open
Ling STLAWRMNC _MOSES Trip

Ling WILLIS_MOSES Trip

Load COLTOM_115K%_GER Trip
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Knowledge for Safe Operation

Test Case Settings

e ]

1970-0 -0
01:00:00

54/54

Test Case Spesd

() Speed as defined in the test case
(%) As fast as possible

() Test case speed with factor

Too much information
— Different types of alarms
— Different importance
— Several alarms from same place

Beyond human capabilities to
understand this quickly

Alarm lists become useless
during incidents

Look in other places to really
understand what happened...
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Root Causes

Show LowV [Z] Show High Y [] Show Suppressed &lams [ Show Shelved dlams (0] [] Seioll Lack

Time © Station  Object | Description  Group =

A\

Consequences

Secondary Events [38]
Time:

| Station | Object | Description | Gray | sh.. | |

\\

Plus

* Alarms are grouped per equipment

« Events are moved to another list

» Non-grid alarms are suppressed

» Chattering alarms can be suppressed

2010-03.03 1970-01-01

& GoalArt® ™ L=l Thyjs gives large alarm reduction

®
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It Is about Situational Awareness

. Too many alarms are detrimental to situational awareness
. Happens exactly when (larger) incidents develop
. Very efficient reduction possible by:

— Grouping of alarms to ”natural” process objects
— Root cause analysis on the grouped alarms

. Make the root cause stand out among the alarms, and
. Make sure not to loose independent alarms in the clutter of a
cascade

It is almost lunchtime, let me show you how this works in practice...
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Real Life Alarm Problems

. On September 24™ 1998, the recovery boiler of the Vallvik pulp

plant blew up

. Hundreds of alarms reported, boiler went into automatic shutdown

. Exactly (almost) the same scenario had happened many times due
to “oversensitive” fault detection

. Boiler shutdown is costly, so the operator's practical response was
to ignore the alarm shower and attempt manual re-start

. This time, there were extra alarms indicating lost steam pressure

. Water in the smelt => BOOM
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. Root Cause Analysis
\/ 4

“This system really tells you what happened!
You should call it ‘what happened?’ analysis.”

Richard Candy, ESKOM, South Africa

®
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¥

. Root Cause Analysis
\/ 4

“This system really tells you what happens!
We should call it ‘what happens?’ analysis.”

®
GoaIArt GoalArt, Scheelevagen 17, 223 70 Lund, Sweden, Per Andersson, per@goalart.com 8



GoalArt”

What can we do for Power Grids?

« Operates on the entire grid and finds global root causes

« All configuration based on CIM XML --- 100 % automatic

« Handles all grid constructs and all combinations of events

« Has been installed on-line at the Swedish National Grid and at NYISO
« Ongoing delivery project for a European TSO

GoalArt, Scheelevagen 17, 223 70 Lund, Sweden, Per Andersson, per@goalart.com 9



¥

4

GoalArt”

State of Current Power Grid Projects

« Svenska Kraftnat — system running on-line since January 2009

—  Monitors Sweden’s power grid on SvK and E.ON / Vattenfall / Fortum levels
— Located at SvK national control center in Sundbyberg

* NYISO - system running on-line since June 2009
— Monitors NYISO part of US power grid (1 of 7 monitoring organizations)
— Located at NYI1SO control center, Albany, New York
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Blackout September 23" 2003

« Large blackout in Scandinavia Kraftniitet | Nordviisteuropa i
« September 23" 2003, 12.35 PM

* Root causes
— 12:30 OKG 3 nuclear reactor trip (east)
— 12:35 Internal station short-circuit (west)

» Consequences
—  Two lines for all of southern Sweden
—  Southern Sweden collapsed (5-15 min)
—  Eastern Denmark collapsed
—  Lasted 1-5 hours

« Actions
—  Second root cause unknown for 4 hours
—  Helicopters looking for line faults

« Cost
—  Lost ~ 10 000 000 kWh
—  Cost ~ 500 000 000 USD
—  Largest disturbance in 22 years

®
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The Real Root Cause
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. SvK System
\ 4 y

Goalart larmlista

. -
Primira héindelser [2] Flvisaligy [Visahiigy [visadetalfer  [Jvisachidalom (0] [Léslista ° D e I Ive red SV K SySte m CO ntal ns
Tid Skation Dbjekk Beskrivning Grupp Dol
03-09-23 12:35:03 Harred HORRED 4 skydd utlast u

03-09-23 12:36:52 Simpevarp YT G3 frinslag | negativt spring u _ Auto_generated M F M model from
Oracle database

— SCADA communication protocol
Sekundara handelser [47] baSEd On Web SerVICeS (XM L)

Tid Skation Objekt Beskrivning Grupp Dolt ~

03-09-23 12:36:52 Glan/Kimstad L3 56 frinslag [ negativt spring u

03-09-23 12136152 KimstadSimpes..,  FLE51-2 frénslag [ negativt spring u — G OaIArt Custo m H M I
03-09-23 12:36:52 Glan/Simpevarp FL151-3 frénslag | negativt spréing u

03-09-23 12:36:52 Simpevarp FT&2 T7 franslag [ negativt spring u

03-09-23 12,37:00 Finnslatten/Hamra  RLE 54 averlast [ positivt sprang u

03-09-23 12:37:07 Stadsforsen STADSFORSE 2 hig spanning u

03-09-23 12,37:08 Erylbo KRYLED 2 hig spanning u

03-09-23 12:37:09 Télle TALLE 2 hég spanning u

03-09-23 12,37:12 Grundfors ERUNDFORS 4 hig spanning u - -

03-09-23 12:37:18 Maliden MOLIDEM # hag spanning u 3 [ ] H I Sto r I Ca ata ro I I I e p y

Detalier [0]
Tid Station Beskrivning Tillst&nd Text Varde Enhet Punkt 2 O O 3

— Analog and discrete signal data
— Alarms and events

« Conclusions
— Correct analysis of fault situations
—  Correct results in historical tests

®
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« Dynamic alarm presentation

Root causes are shown as
“lightning” strikes

Line color shows power flows
Background color shows voltage
Highs are red, lows are blue

« Situational awareness at a glance
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Examples of Alarm Reduction Performance

Measured December 18" 2009 — January 7t 2010
—  Lowest daily average, December 23 2009: 37.6 %
— Highest daily average, January 5" 2010: 80.8 %
— Total average over the period: 61.1 %

East 179t Street Incident, February 7t 2009
— Directly after incident (7 alarms): 80.0 %

Newbridge Incident, June 18" 2009
— Directly after incident (7 alarms): 82.2 %

Astoria West Incident, June 27t 2009
— Directly after incident (22 alarms): 94.4 %

Swedish Blackout, September 23 2003
—  Directly after incident (500 alarms): 99.6 %
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" Current Grid — Future Grid
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.  Smart Grid

Current grids

Few generators

Few measurement points

Little control, global load balancing
Typically ~ 10 000 signals

Manual fault handling is difficult

Future smart grids

Large number of active generators and loads

Lots of metering and advanced control

Typically 100 000 — 1 000 000 signals

Communication network is critical part of the infrastructure
Manual fault handling will not be efficient
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Ongoing Development Project

Intelligent software support for fault handling is necessary for Smart Grid
« Based on GoalArt alarm processing for current grids

« Develop solution based on same technology for communication networks
« Integrate fault handling for power grid and communication network

« Automated fault handling enables smart grid

* Smart grid enables “green” energy system
Financing granted by:

VINNOVA, Swedish Governmental Agency for Innovation Systems, and
Energimyndigheten, Swedish Energy Agency
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.  Thank you!
\/ 4

Questions?
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