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India and America — Common Values, Shared Success
op ed last September, 2011, USINPAC Blog Network

“The remarkable deepening of US-India ties over the past decade is only a start,
as the relationship has still not reached its full potential. If Indians and Indian-
Americans continue to contribute their ideas, their energy and their commitment,
| am sure that even more exciting days lie ahead.”

Senator Richard Lugar, the Republican leader of the U.S. Senate Foreign
Relations Committee

OSlsoft Receives E Award
May 17, 2012

U.S. Department of Commerce Secretary John Bryson at the White House in
Washington, D.C. The “E” Awards are the highest recognition any U.S. entity
may receive for making a significant contribution to the expansion of U.S.
exports.

Europe represents a significant portion of the company's foreign market sales,
and over the past few years the business has expanded significantly in other key
markets such as Asia and Latin America.
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Underlying Assumption

“Household electricity consumption is widely viewed and
accepted as providing substantial standard of living (quality
of life) gains. These gains come in many
areas...refrigeration of food (health), lighting for reading
(literacy), computers and internet access (education),
productivity (income)...and suggest that observable
household electricity consumption may provide useful
Insights into the nature of standard of living across countries
and its changes over time.”

by
Roselyne Joyeux and Ronald D. Ripple in The Evaluation of
Standard of Living and the Role of Household Electricity
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About OSlsoft and Pl System

Corporate

Founded 1980 by Dr. J. P. Kennedy, CEO
Privately held

Headquarters - San Leandro, CA

Doing business in 110 countries

« 23 offices in 13 countries with corporate presence in 10
countries

Revenue
« 2011 Revenue $273MM; 2012 >820 employees

Installed Base Managed PI (mPlI)
« 2,800+ Active Customers * 612 Systems
» 10,000+ Active System licenses (excluding OEM) « 803 PI Servers
« 32,000+ I/F licenses « 77 Enterprise Agreement
(connection, node, server, site) Customers
« 250,000+ Clients Licenses (individual, concurrent, » Network Operation Center (NOC)
enterprises Pl Server has 1,206,080

« 250,000,000+ Data Streams
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OSlsoft Power & Utilities Industries

Power Power Power Gen Water T&D - AMI -

Gen Gen : :
Thermal Nuclear Renewables | \Wwastewater | Smart Grid | Smart Grid

- Coal - Generation - Wind - Utilities - Grid Mgmt - Operational Data
- Gas - Fuel - Solar - Desalination | Phasor Manager
- Qil - Regulators - Hydro - Irrigation - Substation - Home Area Net
- Services - Marine - Industrial L Dist. Automation |- Demand
- Bio - Metering - Dist. Generation | Response
- Geothermal - Lifecycle - Microgrids
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Power & Utility Verticals
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Pl System -- Defacto Standard in Power and Utilities
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OSlsoft Selected Power and Utilities Experience

« 55% of 475 GW average USA power generation is monitored by
the Pl System (coal, natural gas, renewables, hydro and nuclear)

« 85% of total 23 GW USA wind generation is monitored by the PI
System

« 100% of the ISOs/RTOs in the USA use the Pl System

« 17 of the top 20 wind generating producers in the world use the PI
System

* Over 50% of the Concentrated Solar Plants (CSPs) in the world
use the Pl system

« Many of the largest solar companies in the world use the Pl System
(SunPower, EDF-EN, E.ON, Iberdrola, EGP, Abengoa Solar,
Sempra)

« Many solar, wind, turbine and other major equipment power
generation OEMs in the world use the Pl System
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OSlsoft Selected Nuclear Energy Experience

« 76% of operating nuclear power generators in the USA use the Pl System (79 of 104),
and growing

* 100% of operating nuclear power generators in Canada use the Pl System (17 of 17)

* 100% of operating nuclear power generators in the United Kingdom use the Pl System
(18 of 18)

« 100% of operating nuclear power generators in Korea use the Pl System (21 of 21)
» 66% of operating nuclear power generators in Chine use the Pl System (10 of 15)

» 31% of under construction nuclear power generators in China have committed to use
the Pl System and others are considering (8 of 26)

 The PI System is widely used for emergency preparedness and response, including the
US Nuclear Regulatory Commission

« Many nuclear mining, fuel conversion, fuel enrichment, fuel fabrication and waste
processing companies use the Pl System (over 20 companies)

« The PI System is already part of the standard design for KEPCOs advanced reactor

« The Pl System is now being used as part of the testing phase for a US-based small,
modular reactor and the intention is for it to become part of their standard design

* Nearly every leading advanced reactor OEMs (large and small, modular) is interested in
making the Pl System part of their standard design (or a standard option)
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Conditioned Based
Maintenance




These “Pressures” Appear to be Common

We will always have

We cannot add more Aging Plant
work (New Failure more work than

Mechanisms and

than we can afford W we can complete

Ever Rising YD U r E;::r"n: ;ld
Required Level . . Leaving the
of Performance O rg anl zatl On Industry

/M
Reduction
(Staff, O&M
and Capital
Budgets)

Asset owners and managers are being squeezed
by aging assets, experienced personnel leaving
the industry, and continuous pressures to reduce
costs and improve performance.
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These “Needs” Appear to be Common

Need to
Reduce

Need to Costs

Increase

Capacity
Factors
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Getting Your Feet on the Ground!

Looking for long
term
solutions...not
moving the load to
the donkey!
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The Reliability Excellence Journey

Enterprise or Plant Led )I

n
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E) Maintenance Driven
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8 Proactive
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g Customer Focus
2 Loss
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tages Long-term Commitment
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Some Definitions

 Risk-based Asset Management (RBAM) - risk-based asset management strategy
couples risk management, standard work, and condition-based maintenance to properly
apply resources based on process criticality

« Predictive Maintenance (PdM) — using a specific asset condition indicator to estimate
when an asset failure might occur.

« Condition Monitoring — determining an asset’s health (condition) based on one or more
parameters. Usually visual indicators or notifications only.

« Condition-Based Maintenance (CBM) — performing maintenance activities based on the
current or historical trend of an asset’s condition.

« Reliability Centered Maintenance (RCM) — A set of techniques and practices used to
ensure minimal asset maintenance involving operations, monitoring, inspection, etc.

« Preventive Maintenance (PM) — scheduled activity to remove an asset from service and
perform needed maintenance. May be periodic (calendar) or condition based. Planned
Maintenance is usually CBM and PM.

« Corrective Maintenance — maintenance performed in response to an incipient failure of
an asset (reactive).

« Enterprise Asset Management (EAM) — context, description, classification and
maintenance of a site, facility, unit or other physical asset (often part of ERP).

w OSlsoft. Empowering Business in Real-time. © Copyright 2012 OSlsoft, LLc. 21
s



Risk-based Asset Management

Classify Control Measure

Process Flow Diagram Preventive OEE
Value Stream Mapping Eq;:‘"' At c'mc‘“' ty Predictive TCO
Relationship Models ure Anatysi Condition Monitoring Asset Utilization
Risk Ran Remote Monitoring
k king Operator Care MTTR

7 i a ™

e

@ Life Cyclo Ergneerng
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Proactive Maintenance

e Screens and information with Maintenance in mind
o Afocus on critical equipment, parameters for condition

— Vibrations (rotating equipment, motors, pumps, turbine...)

— Temperatures (bearings, oil, metal, motors...)
— Amps

o Transform data and use in a new, valuable way

o Use out of the box, PI System functionality

— Totalizers for run time counters, compare/balance usage, schedule
maintenance, measure accumulative damage

— Multi-state graphics
— Notifications

o Increase speed and accuracy of decisions

((J OSlsoft. Empowering Business in Real-time.
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Proactive Maintenance

* Is a strategy in which Corrective, Preventive, and Predictive processes complement one
another

* Average industrial plant performs more than 55% Reactive
* Reactive is the highest cost!

« Top industrial plants perform less than 10% Reactive

An industry “best practice” target goal maintenance mix

Reactive Preventive Predictive
10% 35% 55%
Minimize Optimize current PM Expand existing PdM
emergent work Practices Applications

In support of this strategy, enhance & expand the effective use of data and analytical systems
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-



Proactive Maintenance P-F Curve

P-F curve shows the behavior of equipment as it approaches failure

«  “P” represents the first possible point degradation can be detected
« “F" represents the point of equipment or system failure
« The time between is your “opportunity” to avoid unplanned events

P-F Interval
PF Curve P-F

Failure i
< Ultrasonic Energy yipration lysis
Inila—tfd Detn:ted Fault nnh_y 0il Analysi

— 1
__ Detected

o

Time frame to rectify impending equipment
failure: Planning, Scheduling, Execution
Window

1
Meclranically
- Lloose

Condition

Earliest detection provides the greatest

L » Ancillary . H
opportunity time

| | Damage
“
|

-

[E9RD

| = Catastrophic
PREDICTIVE PREVENTIVE RUN TO FAILURE Failure

Time >
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CBM Driving Factors

« Continued expectations of improvements in
reliability and availability

« Lack of comprehensive asset maintenance
strategy — most if not all PM work calendar-
based (overly conservative)

* Aging asset profiles — asset life extensions

* No link between asset performance/health and
maintenance decisions

« Complexities in data systems implemented as
point solutions

 Continual staff reductions
* Aging workforce

((J OSlsoft. Empowering Business in Real-time.
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CBM Expected Benefits

« More targeted capital expenditures with
eventual overall reductions

« As incipient failures are reduced, corrective
maintenance costs go down and more

CAPITAL

EXPENDITURES

maintenance is moved to ‘planned’
« With a move to condition-based maintenance, Nepent
MAINTENANCE

calendar-based preventive maintenance is
reduced

« Automation of condition-based notifications )
(emails, pages, maintenance notifications, etc.) == = -

CALENDAR-BASED
PREVENTIVE
MAINTENANCE

« Caodification of organizational intelligence into j il
condition-based algorithms 3 1
«  Prioritization of maintenance, shorter —

downtimes, do the right work at the right time 3
* Improved visualization of asset health status
« Improved decision making capabillities

({J OSlsoft. Empowering Business in Real-time.
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CBM Fundamentals

 Data Collection and Consolidation

(Data) @ta CoIIectD

— Diagnostic and Inspection Data 7
— Time-series Data Raw data
— Relational Data

e g1 @€ REPOING v pepring

— Condition & Criticality Assessment Feedback |
— Equipment Ranking u

— Work Prioritization
- Maintenance Management
(Knowledge) JManagement

- Meters ﬂ,
— Work Order Generation
— Maintenance Planning

— Decision Support

Measurement
points
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Condition Monitoring

« CBM requires condition monitoring

« Condition monitoring is more than simple alarms
(already done by Operations) or simple tests (usually
Immediately alert maintenance personnel already)

« Condition monitoring illuminates:

— Slow moving variables (changes over many samples)
— Multi-factor combination ca=ri1m1) + F2(M2) + F3(M3) + ...

« Condition monitoring should consider performance and
process data

« Condition monitoring assigns a score (e.g. 0-10, Red,
Yellow, Green), detects a condition, updates a meter,
etc.

((J OSlsoft. Empowering Business in Real-time.
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CBM Integration Scenario

Exposed Maintenance
Transactions Plan

Field
Signals

!

Q@
Notification or

Server Notifications, etc Order

Pl Pl ACE,

« PI Collects raw signal values and conditions these values via calcuations and determines
when to initiaite transaction to EAM

* Pl invokes transactions to either update measurement points (meters) or generate a
notification/order, dependent on condition rules

* If meter updates, then EAM compares maintenance plan logic to current state to
deteremine if notification/order should be generated.
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Asset Health
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Asset Health — The Big Opportunity

Nuclear Specific Driver - Equipment/Asset Reliability...
— Cornerstone of Operational and Reliability Excellence in NPPs
— Critical for NPP Life Extension and License Renewal

— Heavily regulated by international standards (10CFR50.65)

— INPO AP-913 (Equipment Reliability Process Description) endorses
10CFR50.65

— Requires real-time data = REAL-TIME INFRASTRUCTURE (as many
other Operational and Reliability Excellence applications do)

Nuclear Specific Driver - Equipment/Asset Reliabllity...

— Other guides include:
= NEI “Standard Nuclear Performance Model”
= INPO AP-928 “Work Control Process Description”

= INPO 01-004 “Achieving High Equipment Reliability — A Leadership
Perspective”
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INPO AP-913 Business Process

/Performance Monitoring\

/ PM Implementation \

» System Performance
» Components Performance

* Preventive Maintenance

A 4
A

* Predictive Trending Results * Document Equipment “As-Found”
* Operator Rounds » Equipment Condition
k-lnspections j » Equipment Condition Feedback
« Standard Post-maintenance Test

Scoping and Identification of Corrective Action
Critical Components « Corrective Maintenance

- Scoping Criterias . Fa_llu_r(_a Cguse & Co_rr. Action

 Identify * Prioritization of Equipment Problems

» Functions

» Critical Components

» Non-critical Components

» Run to Failure Components

! !

Continuing Equipment Reliability Improvement

\ 4

* Development and Use of PM Templates Life-cycle Management

* Continuing Adjustments to PM Task and Frequency Based on

Station and Industry Equipment Operating Experience * Long-Term Strategy for System and
¥ < Documentation of the PM Technical Bases Component Health

« Consideration of Alternative Maintenance Strategies to Ensure * Prioritization of Improvement Activities

Reliable Equipment * Integration of Long-Term Plans with the

« Continuous Improvement from Plant Staff Recommendations Station Business Strategy




Specific Asset Health-related Uses for Pl
System Information in Power Generation

« QOperations (Extend DCS Beyond the Control Room)
— Controllable Losses — Start Up/Shut Down

* Proactive/Condition-based Maintenance

* Root Cause Analysis (RCA)

« OQOutage Planning (Spend $ on the Right Things)

« Vendor Performance (Pre and Post Work Review)
* Equipment/Manufacture Performance

« Plant and System Performance/Efficiency
— Production vs. Schedule - Heat Rate/Condenser

« Environmental (Compliance, Emissions, Limits, Reporting)
« Water Chemistry
* Fleet/Enterprise View of Core Metrics and KPIs
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System Monitoring and Reporting Tool
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ENEL Conditioned-Based
Maintenance (CBM)
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Entergy Performance Monitoring &
Diagnostics Center (PM & DC)

Mission: Support plant objectives to achieve fleet
commercial excellence through improved unit performance,
equipment condition, and operational risk management




Entergy’s PM & DC Pl Infrastructure

* Pl Servers located at 16 plants

» Operations Information Systems (OIS

Implemented on 30 units:

— Real-time performance monitoring & diagnostics thru
pre-built PlI-Process Book displays and General
Physics EtaPro™

« Advanced Pattern Recognition (APR)

iImplemented for 33 units:

— Anomaly detection and alerting via advanced pattern
recognition software using near real-time data from
the plant Pl servers
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Entergy Pl Use in the PM & DC

* OIS/PIis primary means of
accessing plant data for routine
monitoring

* Build custom ProcessBooks and
DatalLinks for trip analysis,
unit/equipment problem
diagnostics and special monitoring

« Using Pl Alarm View and Pl ACE
for PM&DC’s Alarm Management
System

 All based on the foundation of the
Pl data collected and stored at
each plant




Entergy PM & DC Monitoring
Tasks

Unit trip monitoring and diagnostics
— Plants can use extra eyes during upsets

Unit Start-up monitoring
— Complex process with many opportunities for error

Routine monitoring

— Looking for early signs of emerging equipment problems or
failed instrumentation

Purchased Advanced Pattern Recognition (APR)

software to greatly enhance anomaly detection

capability and data mining

Performs special analysis requested by plants - lost
MWSs, performance issues, and equipment problems




Entergy PM & DC Benefits

Early identification of changes in equipment
physical, thermal, operational &
environmental performance

Improved ability to mitigate degrading
equipment condition and unit performance

Improved ability to maximize unit value
considering current market opportunities

Leverage expertise and technology
Enhanced teamwork

(f) OSlsoft. Empowering Business in Real-time.
AL




Entergy PM & DC Results

« PM&DC Benefit to cost:
— First year: 2to1l
* Including initial set up cost
« O&M dollars only

— Ongoing after first year 3tol
« O&M dollars only
— Ongoing after first year 8to1l

* O&M + fuel & replacement power)
« Catches:
— First year 252
— Ongoing 400-500 / yr
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WAV GenOn Driving Factors for OSlsoft
/\4 .

WA Solution

y

Problem: Many disparate plant systems and the
need to turn data into actionable information

 DCS, PLC, CEMS, Analyzers...
« Various timestamps
« Data accessibility & integrity
Solution: OSlsoft, Enterprise Wide Infrastructure
« Common real-time database

« Common visualization and analytic
toolset

« Common technology for development and
advanced analytics

« Leverage SMEs (Central & Plant)

IPP, not a utility requires effective maintenance practices

© Copyright 2011 OSlsoft, LLC A
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WAV GenOn OSlsoft Continuous Value

AY .
}VA Proposition

Fleet Wide Deployment 2002
Condition Based Maintenance on Critical Assets 2004

Advanced Pattern Recognition Fleet-wide Rollout
2005

Water Chemistry Automation 2007

Automated Operator / Maintenance rounds 2008-
2010

Environmental Monitoring 2008
Proactive Maintenance Data Gateway 2009-2011

Every phase a business value and positive ROI




av GenOn Boilers Highest Lost Margin
}VA System

Boilers — “The Race Car Tire of Power
Generation”

Highest Lost Margin Opportunity [ESsees
Most outages / de-rates |

Improve Water Chemistry

 Make visible via Pl
* Transformation of data

Track Temperature Excursions

Highest LMO makes easy ROI with technology solution...

© Copyright 2011 OSlsoft, LLC A
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AY
}VA

GenOn Water Chemistry
Automation

Improve and interface to analyzers
Cycle Water Chemistry screens

Response Procedure Reports (EPRI
standards)

Calculate minutes in / out of spec

Notifications on limits

‘-‘

Transform and use data in a new way...

© Copyright 2011 OSlsoft, LLC A
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VAV .
AV GenOn APR Modeling

VA

y

Business case developed from history :
* Review equipment failures
» Outages and related lost margin

* Combined cycle plant pilot had 5
catches (~value $948K)

 Decision to apply fleet wide

* Model critical systems and
equipment

Very intelligent rules based monitoring of critical systems...




Proactive Maintenance Monitoring

i PI ProcessBook - [Boiler Feedpump Dyerview.PDI]

@Eile Edit Wiew Insert Tools Draw Arrange Window Help

=181x|

-F X

Boiler Feed Water Pumps

| »

582 MW gross
915 MW net

87 deg F, dry bulb

¥ 0.63 mils ¥y 1.01 mils ¥, 0,27 mils | 0.22 mils | ¥ 0.12 mils
#: 0.44 mils tlE £ || e x: 0.48 mils % 3.93 mils | 3.91 mils | ¥: -2.26mils
A 145 | 330 75.1 %
B: 140 | 334 scoop tube
C: 147 326
140 deg F 144 deg F 158 deg F
7337 hours

Maotor Trends

all »-probes
all Y-probes

| vibe ||brgtemp| current”windings” THM I

Coupling Trends

| vibe ”radial brg”thrustbrg” lube oil” THM |

suction discharge

4701 gpm 4738

276 psig 3034
380 degF 386

'y 165 mils
% 1.55 mils

¥ 2.53 mils
x: 2.36 mils

144degF

128deg F thrust
135deg F brg

140deg F

Pump Trends

| wibe ||brgtemp||casetem“operpar” THM I

¥ 0.62 mils ¥ 1.25 mils ¥: 0,13 mils | 0.06 mils | ¥ 0.40mils
®: 0.60 mils deg F | amps X: 0.70 mils ®: 0.00 mils | 0.00 rmils | ¥ 0.00 mils
A 156 | 332 84.5 %
B: 154 | 333 scoop tube
C: 154 328
153 deg F 145 deg F 159 deg F
7004 hours

all X-probes Motor Trends

| vibe ||brgtemp| current”windings” IMHM I

all Y-probes

Coupling Trends

| vibe ”radial brg”thrust brg” lube oiI” IMHM |

suction discharge
4851 gpm 4849
276 psig 3031
380 degF 386

Yy 3.08 mils
®: 2.78 mils

Y: 1.32 mils
¥ 1.33 mils

133 deg F 153 deg F

123deg F thrust
129deg F brg

Purnp Trends

| vibe ||hrgtemp||casetem;”operpar” MHI I

-

[+

W B |

[Server Time




Proactive Maintenance Monitoring

i PI ProcessBook - [Steam Turbine Overview.pdi]

%Eile Edit Wiew Insert Tools Draw Arrange Window Help

A H & @ ¢ &

B [740 ~ K?

=181 x|

-0 X

Steam Turbine

2384 MW gross
216 MW net

Turbine Vibration
Bently Newada 4500 Panel

HP HPfIP LP1 LP2
#1 Bearing #2 Bearing #3 Bearing #4 Bearing

¥ X ¥ X Y X Y X
15 15 157 15 15 15 150 15

101 10 10 10 10+ 10

5 5 5 5 5

0 0 0 0 0
1.5 20 09 2.4 10

mils, pk-pk

vibration trends temp trends

| 5, #6 | *5, #6, #7
Con] [
| #1, #2 | |1,2,thrust|
|a||\"-prohes| | lube il |

all ®-probes

aHpansion

1.1 mils
AE - HP1
Y: 2.8 mils
¥: 2.9 mils

153.8 deg F

bearing metal
132.0 deg F
LO Tank

108.1 deg F
LD Erg Header

0.4  mils
AE - HP2

172.6 mils
DE - HP

¥: 2.3 mils
¥: 1.5 mils

189.6 deg F

bearing metal

163.2 deg F
161.4
front thrust brg temps

150.7
168.0 9¢9F

rear thrust brg temps

254.7 mils

DE - IP

¥: 2.0 mils
¥: 0.9 mils

180.3 deg F

bearing metal

386.2 mils
DE - LP

Y: 2.4 mils
X: 1.0 mils

186.1 deg F

bearing metal

O

Ready

Server Time N - |

FLIM




Condition Based Maintenance Screens

UNIT 1
149.13 M 12010:  BFP 1A Runtirne Hol n -BFP1ART
2011: BFF 18 F'untnrw Hours when -BFP1B.RT
Discharge Flow - . -BFP2A.RT

2500 ZB R -
1000 1207 Lone F'urnp F'untnrw
0N Purmp B Runtime

Total Head - 1A=

250
’MW TagiD  Tag Name Tag Descriptor
1]

12012 BFP2ART BFP 24 Runtime Hours when

Value (Hours):

BFP 1A DISC

TOTAL HEAD Please add comment and initials.
THRUST HOUSI

NDE SLEEVE BR

DE SLEEVE BRG

10 OSlsoft. Empowering Business in Real-time.
-

/7~ "\

Instructions:

Wihen the display loads itwill pull back all * BT (Runtitne Counter)
tags from the stations Pl Senver.

® Click on the runtime counter from the listhox that you would like to reset.
* - The Counter Information will he populated inthe dizplay below the listbos,
% Rezet the Rurtime Hours value in the text hox next to the Value,
*-You can setthis to any number of hours.
» Add comments and name or initials to the comments textbox
# Click the "Reset Runtime Counter” button.

© Copyright 2012 OSlsoft, LLC.
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Manual Round Data Correlation

Flot-0

Green =#

Data
Taken

=71 * SHAO3-DB-BFFABFRPA_Dil Pump_Disch. Press. SAT
every h

14.000
from th a ;"."l'-l_'I_III.u‘.ﬁl"'"..",'l'_l ,I','I‘ '\ ku ] 1',.' ‘,'1n -,'-,J‘l il 'wl\ \H el .
handhe

=LElE)

0O SHAO3-DB-EFFPABFFA _Temp. Output_ Bearing. SAT
122.00

=l

H_MH_.W,%W_JL‘.,_J_M.M_._,_"M_.“_——_——_‘— '——ipl!kl_u_l o

a
41102009 10:46:25.208 At B0.00 days BAL2009 10:46:25.208 Al



Boilers — Highest Loss Margin System

Most outages / de-rates are boiler related
— Transformation of data to useful information

Water Chemistry
Improve and interface to analyzers

o Cycle Water Chemistry screens
e Calculate minutes in / out of spec
o Notifications on limits

o Make visible via Pl system

Boiler Tubes Temperatures
Systematically track:

«  How many excursions?

«  Length of excursions?

«  Total time out of specification...
e Maintain instrumentation!

Transform and use data in a new way...



Water Chemistry Displays

i PI ProcessBook - [U1 MAN WATER CHEMISTRY.PDI] o =1 |
@Eile Edit View Insert Tools Draw Arrange Mindow Help -|7 ﬂ
UNIT 1 MANDALAY 0.03MMHO cc [T REYERSE OSMODSIS SYSTEM
BOILER PRESSURE: 2400 PSIG 27.88 PPB Si02 7.23ppe [l LAG Si02
. 1 HP TURBINE T
TURBINE CAPACITY: 215 MW 24sMmHD sc [T LP TURBINE -1.00 MMHD I|IIII LAG 5C
ACTUAL PRESS: 2101 PSIG Bad Na (I Sinz 4.02 MMHO [T
ACTUAL MW: 52 MWATTS 9.06P.H. pH [ME sC
| Na DEMINERALIZER

F 3

> pH STORAGE
IP TURBINE £
=1 prRUM -
_ CONDENSER
i N 5

Y | HW C | HW scl 7.36PPB DO [ila
F 3 ]
DO = Dissolved Oxygen ppb 2.24 MMHO 2.67 MMHO 0.15MMHD CC (g

BLOWDOWN SC=5 ific Conductivity us 5i02
LINE = Specific Londucti¥ICy u
5i02 = Silica ppb 2.59 MMHO :E ek
CC = Cation Conductivity us
Na=Sodumppb soren pi [
pH = pH
92.54 PPB si02 N2H4 = Hydrazine y
g 0,65 MMHD 5t ORP = Dxidation Reduction Potential  -3-306 My ORP [} EDNf—\DENS TEPUMPS
N . P04 = Phosphate
d L ECONDMIZER =
[l 9.50PH pH INLET
cC —PBOILER 3 ¥
Ei1.72pPM po4  } L ATTEMPERATION . Y
0.21PPB DO [T LINE [
9.05PH pH I
260MMHD sC [ Do GI—
F 1
7.33PPM NzH4 [T /
CHEMICAL FEED
| INJECTION
6 Heater 7 Heater
1 Heat 2 Heat 3 Heat 4 Heat :
eater eater eater eater ; MAN MIDNIGHT RPT U2 WTR CHEMISTRY
BOILER FEED PUMP
|
4 On

Server Tme B [ ] [car fuum



Water Chemistry - Reports

PARAMETERS:
Condensate Pump Discharge

H
E)ZC - CPD A, uS/cm
Dissolved Oxygen, ppb
Sodium, ppb
|Boiler Feedwater

pH

Cation Conductivity, uS/cm
Specific Conductivity, pS/cm
Dissolved Oxygen, ppb

Sodium, ppb

Boiler Water (Drum Blowdown)

pH - T1Drum Blowdown A
CC-T1BLR 1 Water

SC - T1 Drum Blowdown

Silica - T1, ppb

Sodium - T2, ppb

Saturate Steam (Drum Steam)

CC - T1 Drum Steam, pS/cm
Degas CC - T1 Drum Steam, uS/cm
SC - T1 Drum Steam, uS/cm

Silica - T1, ppb

Main Steam

Degas Cation Conductivity, uS/cm
Silica, ppb
Sodium, ppb

EXPECTED
RANGES

9.2-9.6
<0.2
<10

<3

9.2-9.6
<0.2
4-11
1-10
<3

9.2-9.6
<1.0
4-11
<60
<300

<0.2
<0.2

4-11
<10

<0.15
<10
<2

UNIT 1
MINS IN | MINS IN [ MINS IN [ MINS IN
MIN FOR | AVG FOR | MAX FOR| MINS IN | ACTION | ACTION [ ACTION | ACTION
DAY DAY DAY |NORMAL| LvL1 | LvL2 | LvL3 | LvL4
9.40 9.43 9.46 1440.00 0.00 0.00 0.00 0.00
0.09 0.10 0.11 1440.00 0.00 0.00 0.00 N/A
2.55 3.03 3.53 1440.00 0.00 0.00 N/A N/A
0.09 0.09 0.10 1440.00 0.00 0.00 0.00 N/A
9.31 9.32 9.33 1440.00 0.00 0.00 0.00 0.00
0.04 0.04 0.04 1440.00 0.00 0.00 0.00 N/A
7.86 7.90 7.99 1440.00 0.00 N/A N/A N/A
8.57 8.99 9.82 1440.00 0.00 0.00 0.00 N/A
0.12 0.13 0.15 1440.00 0.00 0.00 0.00 N/A
9.13 9.16 9.21 158.35 | 1281.65 0.00 0.00 0.00
0.20 0.22 0.24 1440.00 | 0.00 0.00 0.00 N/A
5.26 5.30 5.38 1440.00 [ 0.00 N/A N/A N/A
41.69 44.11 49.17 | 1440.00 | 0.00 0.00 0.00 N/A
3.89 10.22 20.74  1440.00 | 0.00 0.00 0.00 N/A
0.13 0.14 0.15 1440.00 0.00 0.00 0.00 N/A
0.09 0.09 0.09 1440.00 0.00 0.00 0.00 N/A
7.70 10.28 16.36 1027.47 | 412.53 N/A N/A N/A
3.81 4.07 4.83 1440.00 | 0.00 0.00 0.00 N/A
0.10 0.10 0.11 1440.00 0.00 0.00 0.00 N/A
4.99 5.51 6.39 1440.00 0.00 0.00 0.00 N/A
0.11 0.12 0.13 1440.00 | 0.00 0.00 0.00 N/A




Operations
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Non-routine Operations : Start-Up

STARTUP Ramagundam U#3

PRE START CHECKS

Rolling Parameter

2500 RPM

©

Prewarming of Turbine

Check 1

Jooz2.12

et o

Criteria: ESV opening

Criteria:CV opening

1000 RPM

Actual Speed
3002.12

il Injection test
Electrical test
Total time at 3000 rpm

Time From step 4 to 5: 6 Hours

| BLK 4,5 FINAL RAMP STABLISN |

Check 5

3000 RPM

0

Bearing Vibrations

Load MW
145.956

o e — e

98

i A M

1.6

Check 2

[Turbine Speed: 1000 RPM  3002.12

Check for all Bearing temp normal

Check 3

Criteria : Speed raising 3000 rpm

___n—.—_,*_‘_,__‘__—.‘n—-_

Check 7
Load Raising from Block load to 200 MW

ROLLING

BLOCKWISE




Non-routine Operations : Shut-Down

Check 1

SHUTDOWN

RSTP3 U#7

MS Press

_ 9 e Overspeed Test

_- -

i it Cousing Do
Barring Speed

HPT Rat Exp

IPT ROt Exp Speed (6)

IPT Diif £xp

Conlradkpress 39 20912

o Soray Wt

RH Spray 365 2990.9 AOP Status.

345 29907 _

HPT/IPT Temperatures Shaft Vibrations Bearing Temperatures Seal Steam Temp/Pr

534 T 160 16.6 90.87 300
0 29 g AR B e 60.72 0
b irittn

ISt




Environmental Monitoring

Environmental Monitoring Summary

5/20/2009 8:19:13.01501 AM

Days
Exceeded

Davys
Exceeded

Davys
Exceeded

0
29

“see
-

SO2
. 30 Day Daily
Unit3 28 L|m|tsh
0.0 MW
= 31
| 2 4
20 p
Unit 4 Shutdo ﬂ 05
79.0 MW
| 24
20 p
. Shutdo
Unit 5 N
0.0 MW I
1 2.4
s
20 p 2.0
Shutdown 0.09

NOXx
30 Day LimitSF Annual
0.5 i 0.5
| 7D
Pre 7D
A0 30D 4 [0
—e
25 0p & 25w
Shutdown oy Shutdown
TD
Pre 7 D
A0 e 4 (]
i s d
28 p 25 p
Shutdown oy Shutdown
7D
Pre 7D
A0 liann 4 (]
-_— e e
25 0p 25w
Shutdown Shutdown

Opacity

Thermal Limit
River BTU

30667

H

1275.31



Advanced Pattern Recognition (APR) Modeling

Predictive Analytics leverages the Pl system

— Computers working for you!

— Reduces Manual Monitoring

— Detects anomalies across a fleet of assets

— Early detection of slow developing failure

— Multiple sensor models, not just a single signal
* Avoiding failures
* Supporting Operations
* Optimizing Maintenance

Rules based monitoring of critical systems.
Computer models watching the data all the time.




Catch- Fan Motor Bearing

This is a pretty significant movement on FD Fan Motor outboard bearing
(about 17 degrees above expected currently).

3D124-3TE273, WEST FD FAN MTR OUTBD BRG (DEGF)

125

120
115
110
105
100 .
T e e e
11282006 11/28/2006 117292006 11292006 11/30:2006 1173002006 12172006
O0:00-00 12:00:00 O-00-00 12:00-00 Q-00:00 12:00:-00 O000-00

After detection, the filters were found dirty, replaced, and
the oll level and temps are dropping on the motor after
the change out.



Cool Catch Pl & SmartSignal

Background: A boiler acoustic detector system was installed and the data was
Integrated into OSI PI. A SmartSignal model was created from the statistical
data. The Plant engineer noticed an increase in the Unit Penthouse Acoustic

Leak Detector.
DX4_CH23, Penthouse Acoustic Leak Detector (Volts)

Y em— S T s —

06 - ——d-———— -l —— - - e ——— =

-
5
=
|
I
|
-t -

OAé____{_- - N~ | | i
4 N ] __ 14 &
o AU Y TR

L] LI | o LI | L L] | L | L | L] LI | LN B B | L L] | | | L L] L] L] T | LI | L]
11/14/2008 11/16/2008 11/182008 11/2002008 11/22/2008 11242008 11/26/2008 11/282008 11/30/2008 12/2/2008 12/4/2008 12/6/2008
00:00:00  00:00:00  00:00:00 00:00:00 00:00:00 00:00:00  00:00:00  00:00:00  00:00:00 00:00:00 00:00:00 00:00:00

Resolution: The problem was looked into while the unit was offline and a small
tube leak was discovered in the penthouse. The leak was repaired and the
penthouse acoustic leak detector has returned to historically normal levels,

avoiding a potential forced outage.

DX4_CH23, Penthouse Acoustic Leak Detector (Volts)
0.6
0.5
0.4
0.3
0.2
0.1

L] L] ' L] L] T l L] L] L] l L] L] L] l L] L] L] L] L] l L] L] L] l L] L L] l L] L] L] l L] L] L] l L]
12/6/2008 12/8/2008  12/10/2008  12/12/2008 12/14/2008 12/16/2008 12/18/2008  12/20/2008 12/222008 127242008
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00



In Conclusion...

* Pl System can support condition monitoring straight out of the box

* The goal is to “get everything” in the operation, create a
comprehensive and time synchronized correlated database
(including PdM data)

 Everything means DCS, analyzers, PdM data, CEMS (emissions),
PLCs, weather, market prices, ...

* The more dynamic the information, the better

Condition monitoring forms the foundation for predictive analytics
where big ‘catches’ can be made

 Condition Monitoring forms the foundation for Conditioned Based
Maintenance which is core to a Proactive Maintenance culture

 Proactive Maintenance insures a safe, available and highly
reliable asset operated at the lowest life cycle cost



Quotes: Mahatma Gandhi

“Strength does not come from physical capacity. It comes from
an indomitable will.”

“You must be the change you want to see in the world.”

“Whatever you do will be insignificant, but it is very important
that you do it.”

“An ounce of practice is worth more than tons of preaching.”

(f) OSlsoft. Empowering Business in Real-time.
AL



THANK YOU

© Copyright 2012 OSlsoft, LLC.
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THANK YOU
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