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BIO / Experience

David Thomason has 29 years experience in applying information technology to the
requirements of the electrical utility & power generation industry.

An active advocate in the use of advanced analytics and technologies to enhance
value. David’s experience at a fuel diverse 30K MW competitive power company
includes multi-market EMS, Plant Analytics systems, SAP Work and Material
Management, custom SW development & Support teams.

He joined OSlsoft in February 2011 in Business Development focusing on global
power generation.

One foot in the business and one in IT! &
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The Power of Data in
Power Generation

Presented by
David Thomason — Industry Principal Global Power Generation
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- Gas Coal Nuclear Hydro
N\, OSlsoft In Power Generation
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wWind Solar PVCSP | GeolBioIMarin..' o

Spanning the Power Generation Spectrum
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Renewable Power - Wind

« 13 of the top 15 wind
generating producers in
the world

« 19.5GW of total 23 GW
USA wind generation

 Renewable Integration
by 1SOs
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Renewable Power - Solar

* Pl System in over 50% of the
Concentrated Solar Plants
(CSPs)

 Many large PV / CPV solar
sites utilize the Pl System
(SunPower, EDF-EN, E.ON,
Iberdrola, EGP, Abengoa
Solar, Sempra)

« NRG’s lvanpah 377MW CSP
« Central M&D

SunPower

OClISolar

Power Factors, inc

OSlsoft. REGIONAL SEMINARS © Copyright 2014-15 OSlsoft, LLC.



Hydro Electric Power

* Hydro Generation
success with Pl

* Hydro Quebec
 PGE Hydro
 Endesa

+ ltaipu (14K MWSs)
« BC Hydro
 KenGen

 EDF Hydro
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Nuclear Power

* 76% of USA nuclear plants and
growing

* Nearly 100% of nuclear in
Canada, UK and Korea

 Emergency preparedness and
response, including the US
Nuclear Regulatory Commission

* In nuclear mining, fuel conversion, ||= - -=
fuel enrichment, fuel fabrication
and waste processing

« Securely providing access to
critical data and information
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Fleet Monitoring and 1SO

e 100% of the ISOs/RTOs
In the North America

* Pl System for Fleet
Management

PJM
CAISO _ :
DTE g, o

NRG |
Endesa

Iberdrola
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Thermal Power

© PI Coresight

 Leader in thermal Generation e N
(Gas, Coal, Qil...)

* Approximate market share
. 60% of USA il
. 30% EMEA : 7 N
}g \ =
. 24% APAC e ey — W .
- CCGT, GTs, Steam,... A e

« Critical Equipment and | " LE oS e

Systems Condition | - b
. Efficiencies e o |
- Operations Excellence v e

 Condition Based Maintenance
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Power & Utility Industry Challenges

« Competitive Market Pricing

* Limited Power Reserves

* Lower capital ROI

« Plant and T&D life extensions / modernization

« Dynamic Environmental requirements

« Optimize use of renewable and distributed energy sources
* Need for higher availability, reliability, and flexibility

« Plants operating outside of design

« High Demand for Real-Time Situational Awareness
— Market / Grid conditions (Power, Fuel, Ancillary Services...)
— Current and Forecasted Capability
— Weather
— Environmental Compliance
— Security

Need to respond and make decisions in real-time
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Driving Factors for Pl Infrastructure

e Problem: Many disparate systems
- DCS, PLC, CEMS, Analyzers...
— Various timestamps
— Data accessibility & integrity

e Solution: OSlsoft Data Infrastructure
— Common real-time data and events

— Common visualization and analytic
toolset

— Common platform for notifications,
development and advanced analytics

— Leverage SMEs (Central, Plant, Vendors)
— Remote Monitoring & Diagnostics

Increase availability, lower lost margin
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Supports Key Power & Utility Processes

Proactive / T&D / Grid Asset Environmental

Condition Based Optimization Management Monitoring &
Maintenance Regulatory

(CBM) Compliance
Root Cause e 1 ‘

Analysis , | | ;‘ Controllable
(RCA) @ OSlso. Losses,

startup /

Infrastructure o shutdown

Vendor

Performance | : Outage
Commercial 2 Ny Wl Planning

Trading and

Dispatch
Plant and

real-time copy of renewable Epe ﬁ‘ ol Performance
critical systems energy AEEE e | Efficiency
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Power Industry Trends

«  Renewables to Account for More than 20% of Brazil's Generation
Capacity by 2030
» High efficiency Combined Cycle Power Plants
— Avalilability of LNG / Natural Gas
— Flexibility, units designed for market response
« Plant modernization / modification
— Implementing Environmental BACT (Scrubbers / SCRs)
— Carbon Capture (Still a work in progress)
— Modifications to Base load plants
 Intermediate / load following / spinning reserve
« Multiple startups = additional stress / wear on equipment
 Renewables
— Many Renewables coming to end of warranty period
— Companies taking on maintenance of wind turbines — need data
— Growth in solar
— Investment in storage capabillities

OSlsoft. REGIONAL SEMINARS © Copyright 2014-15 OSlsoft, LLC.



Effects of Distributed Solar Generation:
Operational needs are significantly changing between 2013 and 2020 the
“Duck” Curve - Brian Cummins — Manager, CAISO

Net load

27,000

25,000

23,000

21,000 \
® W
o 2013
g 19,000
> / }lncreased

= ram
= 17,000 P
2015
15,000 1 Slgnlflgan’r'chzog?g S Potenho|
starting in over-generation
13,000
2020 _/
11,000
Ny
|
midnight A March de midnight
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Power Industry Technology Trends

From:

condition assessments

Many disparate data systems  mmm)

Limited employee use beyond ‘
assigned facility

Multiple projects to address ‘
singular issues

Reactive & Preventive —
Maintenance

Aggregating and assessing post ‘
situation

OSlsoft. REGIONAL SEMINARS

To:
Static / periodic equipment ‘ «  Dynamic real-time online

condition information

Single source of all plant and
enterprise information

Leverage all experts throughout
the company for all assets

Information infrastructure that
can provide many solutions

Proactive & Predictive
Maintenance

Real-time situational awareness
and enable market predictability

© Copyright 2014-15 OSlsoft, LLC.



CBM / Proactive Maintenance P-F Curve

The P-F curve is to show the behavior of equipment as it
approaches failure.

e The P on the curve is the first possible point when equipment
degrades or changes can be detected.
The F is the point of equipment or system failure.
The time between is your “opportunity” to avoid unplanned events

Low 1 P-F Interval

. |
Failure  yiragonic Energy Vibration Analydis I

baieq Mrssonic n | PF Curve Time frame to rectify
L g ey % impending equipment

| & failure

4 (Planning / Scheduling /

i _ Execution Window)

Loose

Condition
:

Earliest detection
- s provides the greatest
opportunity time

[e93LD

Catastrophic

PREDICTIVE PREVENTIVE RUN TO FAILURE Failure . o
Source: Allied Reliability

Time >
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CBM / Proactive Maintenance

» Proactive Maintenance is a strategy in which Corrective, Preventive, and
Predictive processes complement one another.

o The average industrial plant performs more than 55% Reactive maintenance
work. Reactive is the highest cost!

o The top industrial plants perform less than 10% Reactive maintenance work.
An industry “best practice” target goal maintenance mix

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

Practices Applications

OSlsoftt REGIONAL SEMINARS © Copyright 2014-15 OSlsoft, LLC.



CBM / Proactive Maintenance

o Screens and information with Maintenance in mind
o Focus on critical equipment, parameters for condition
o Vibrations (rotating equipment, motors, pumps,

turbine...)
» Temperatures (bearings, oil, metal, motors...)
o AMps

o Transform data and use in a new, valuable way
» Use out of the box, Pl System functionality

— Totalizers for run time counters, compare / balance

usage, schedule maintenance, measure accumulative
damage

— Multi-state graphics
— Notifications
» Increase speed and accuracy of decisions

OSlsoftt REGIONAL SEMINARS © Copyright 2014-15 OSlsoft, LLC.




AF Structures & Templates
Example AF for Power & Utillities:

O Corp (ie...AGL, DEWA) -Il Corp Level — KPlIs, Production rollups, ...
— Generation (ie.. GU, Power Gen...)-ll Biz Unit Level — KPlIs, Total Production,...

* Plant -II Plant Level — KPIs, Production, Performance, Info, ...
(May org by type fossil, renewable, nuke, hydro)

— Unit# (1, A) -II Unit Level — Production, Performance, Info, ...
» Primary System -II Primary System - Performance Calcs

» Sub-System €l | sub-System - Performance Calcs

» Equipment -II Equipment Specific Templates
— T&D - RT Condition Monitoring
_ - Calculations (Runtime, Start Count...)
* Substation(s) - CBM Scoring
- MFG Name plate
— Feeders - Work Mgmt ($spent, $planned,...)

» Equipment

Each level templates w/ Calcs, notifications, element relative displays. ..

OSlsoft. REGIONAL SEMINARS © Copyright 2014-15 OSlsoft, LLC. ]




Common Thread Equipment Hierarchy

Processhlet

Eguipment Hierarchy

dh[ 4] ~

=] g} DTE Enereyy
=[] Monroe Power Plant
[_] Genersting Unit - tongst
[_1 Genersting Unit - Monpp2
[_] Generating Unit - Mongps3
[l ] Generating Unit - bonppd
[ Air and Flue Gas - Monppd

[ Diesel - Gas Generator - Monppd
[:l Electrical and Cortrol Systems - Monppd
[=] ] Fuel Burn - Monppd <
[l [ Fuel Burning - Monpips
[ Atternate Fuel - Mongnd

[ FeederiScales - Monppd

[Z] Buoiler and Steam Generstor - Monpps  <@—— Prl mary Syste m

Secondary System

& (] Coal Burming - morens. ——— S System
51 ] Pulverizer - Morppd  €—— Equipment

[ Coal il 1 - Monppd <
[ Coal bill 2 - Monppd
[ Coal bl 3 - Monppd
[ Coal bl 4 - Monppd
[ Coal bl 5 - Monppd
=1 ] Cosl Mill £ - Monppd
[ Breaker 4160% B4U-U1E CM 6 - Monpps
[_] Damper Coal hill CM 6 - Monppd
[_ ] Damgper Hot &ir Ch & - Mongpd
[_] Damper Maintenance Ch & - Mongppd
[_] Damger Pri &ir Drive Ch & - Monppd
[_] Damper Tewmp Air Drive Ch 6 - Monppd
[_] Damper Tempering Air Ch 6 - Monppd
[_] Drive Hot Air Dramper Ch 6 - Mongpgs
[:I Feeder Coal bill Chi & - konppd
[:I Gearbox Main Drive Chil B - Monppd
[:l |-ndic-Press PHA96 Ch B - Mongpipd
[:I |-Posit-Damper (POPE4EY Ch & - bonpgpd
[_7 1-Pogit-Damper (POPESZ) Ch 6 - Mongsd
[Z7 1-Posit-Damper (POPEEDT Ch & - hiongpd
] Switch-Temp TSHH2312 Ch 6 - Monppd
[_ Lubricatar CM 6 - Mongppd
[Z1 Motor Drblr ©M 6 - Monppd

v

Equipment Hierarchy
» Hierarchical System Index (HSI)
Work Breakdown Structure (WBS)

Sub Equipment

DTE Energy - Business Unit
Monroe Power Plant - Plant

Generating Unit - Monpp4 - Unit
Fuel Bum - Monpp4 - Primary System
Fuel Burmn - Monhpp4 - Secondary System
Pulverizer -Monpp4 - Sub System

Coal Mill 1 - Monpp4 - Equipment / Sub Equip
Breaker 4160V 640016 CM 1 - Monppd
Damper Coal Mill CM 1 - Monpp4d
Damper Hot Air CM 1 - Monppd

Damper Maintenance CM 1 - Monppd
Damper Pri Air Drive CM 1 - Monppd
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Equipment Template Detalls

— Electric Motor
— PI Condition data

— ERP Nameplate
information

— Calculations
— In Pl Server
— In AF
— Table reference
— Docs
— Test results
— WM &MM
— CBM Score

Meas. Point Parameters
Paramete
r Units
Operational Data MOTOR CURRENT AMps
Calculated
VOLTAGE
Values : _ Volts
& RunNn-Time Hours (since Overhaul) Hours
Starts Count Count
Stator Temperature Data MTR WINDING TEMP 1 deg. C
MTR WINDING TEMP 2 deg. C
MTR WINDING TEMP 3 deg. C
MTR WINDING TEMP 4 deg. C
Bearing Temperature Data FAN MTR IB BRG TEMP deg. F
FAN MTR OB BRG TEMP deg. F
Vibration Data FAN MTR OB BRG VIB
Inboard X mils
Inboard Y mils
Inboard X vdc
. Inboard Y vdc
Real-time Data FAN MTR IB BRG VIB
Outboard X mils
Outboard Y mils

Outboard X

Vvdc

Outboard Y

vdc

Oil Analysis Data

VISCOSITY

centistokes
ssu

WATER CONTENT

ppm water

from other

PARTICLE COUNT

iso count

Reference Data \7

systems

INFRARED IMAGE

(Document)

SPOT TEMPERATURE

Deg. F or C
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Event Frames

Event Types

‘ =5 Unit Shutdown

=g Unit TIME.Day
P Unit TIME.Hour

P Uit Trip

@ = Mill Low Feeder Speed @

Boiler
(furnace)

Turbine

Transmission
Lines

1) f
. - JHi
@ |1 Boiler Feed Pump Bearing Temp Generz.or

|1 Boiler Feed Pump Cavitation Anarmaly

|1 Boiler Feed Pump Control Qi Pressure Anomaly
|1 Boiler Feed Pump Low Discharge Flow Conocnser Cooling Water Condenser
|1 Boiler Feed Purp Low Pump Speed

|1 Boiler Feed Pump Suckion Pressure Anormaly

=g Boiler Feed Pump Yibration Anomaly

Transformer

OSlsoft. REGIONAL SEMINARS © Copyright 2014-15 OSlsoft, LLC. 29]



Pl AF - Structure and Attributes

File Edit View Go Tools Help

7 Database [ Query Date - © @ |°

Elements

i Elements

(- (§ Generation

= (3 05ISoft Power

(3 Big Creek Power Plant
@ Cleveland Power Plant

: - (@ Houston Power Plant
b (5 New UNit
 Philadelphia Power Plant

AF — Asset

Categories for
Attribute

MNew Element

Framework )
Jnttribuhes GrouplngS
| Fter /I

|f| ! |l|¢| Mame / ’—“| Value
Z

S| Category: <None:

Category: <Nonex

Attribute alias elements
normalizes diverse tag /
point names

B | El In Service Date 1Jan-13 ies: |Hows;[)peraﬁonal and Performan: |||
= (§ San Leandro Power Plant 1
= : | Defautuom: | |
= (G Unit 1 B | =] Last Service Date 8-Nov-13
b (G Air Heater ” — Value Type: |<Any-ﬂ1ing> |
[= ( Balance of Plant E B | El Manufacturer GE - - | ||_|
ol : T
E ﬂ Feedwater System B | [Z] Serial Mumber 18335
b () Boller Feed Pump #1 Data Reference: | |
i (J Boiler Feed Pump %2 = Category: Bearing Temperatures /
[ () Generator Settings... ‘
o & Generator A B | ¢ Inboard Bearing Temperature BS.UUM
[ ﬁ Mills B | ¢F Qutboard Bearing Temperature /17/%81543 degF
- (5 Mill 1
- G Mil2 = Category: Flows / X
b (51 Mill 3
P g M:II 4 B | ¢F Auxilary Steam Flow / 14.8983733253667 |b
E-& 7 | B | ¢¥ Discharge Flow 1634.23645019531 k Ib/hr
- [ Wind Power G E e m e nt B | ¢7 Discharge Flow Total 757539.875 b
o = W Z Tem p I ate """"""""""" B (f EXT Steam Flow Total 260860.078125 |b
(7 Blements
B | < Flow entering economizer 3257.94702148438 k Ib/hr
j=| Event Frames
Lib B | ¢F Main Steam Flow 38.3094062805176 k Ib/hr
iwe rary
tm Unit of Measure = Bl
@ MyPI B | [Z] Bearing Vibration High Limit 2mils
i Netifications B | [=] Control Oil Pressure Low Limit 32 psi
8 Contacts B | [=] Discharge Flow Low Limit 1700 k Ibjhr
@.ﬁnﬂyses B | [£] Suction Pressure High Limit 160 psi L

OSlsoft. REGIONAL SEMINARS
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File  View Go  Tools  Help

,iDatabase B Query Date - (© @ |°Back O |E¢ CheckIn ¥} « Refresh

Mews Template - ‘

|Searrh Element Tempiates O '|

Library

Buoiler Feed Pump Turbine

ﬁ Power Generation
Bl E:l Categories

Ta

@I Analysis Categories

Attribute Categories
Element Categories

Element

-4 Template .

[ Boiler Feed Pump Turbine

- [ Circuit Breaker
-5 Cnal Plant

o

EF Start
Trigger

nt Template

[General [ attribute Templates | Ports | Analysis Templates |

(Rl
|
E  Name

H  Boiler Feed Pump Low Discharge Flow Anomaly
H  Boiler Feed Pump Low Pump Speed

H  Boiler Feed Pump Suction Pressure Anomaly
HH  Boiler Feed Pump Vibration Anomaly

: kIE)(an'q.:le Element: Generation\0OSISoft Power\San Leandro Power Plant\Unit 1\Balance of Plant\Feedwater System'Boiler Feed Pump #1

Name: Boiler Feed Pump Vibration Anomaly

Description:  Boiler Feed Pump Vibration Anomaly

Categories:

-

Analysis Type: () Expression () Rollup (@) Event Frame Generation

Event Frame Template: | Bailer Feed Pump Vibration Anomaly

Type = EF
Generation

Functions

Insert functions into the expression

Name Expression

All -

v

—
(5 Ml
[ Pole Transformer

- [ Steam Turbine Template
- [y Substation
- [ TRTemplate

- [y Turbine

N

Time True

T ddd I

Boiler Feed Pump Low Discharge Flos
Boiler Feed Purnp Low Pump Speed
Boiler Feed Pump Suction Pressure Anomaly
Boiler Feed Purnp Vibration Anamaly

Circuit Breaker Operation Status

GT Exhaust Gas Temperature Anomaly

High ibration

Mill Lowe Feeder Speed

Cperation

StartTrigger

if ('Inboard Bearing Vibration X' » 'Bearing Vibration High Limit') Then true else if ('Inboard Bearing Vibration

if ('Inboard Bearing Vibration X' » 'Bearing Vibration High Limit') Then true else if ('Inboard Bearing Vibration ¥' >
'Bearing vibration High Limit') Then true else if ('Outboard Bearing Vibration X'
Then true else if ('Outboard Bearing vibration Y' »> 'Bearing vibration High Limit') then true else false

> 'Bearing vibration High Limit")

True

EndTrigger Type an expression (optional)

Add a new expression

\K\E\ml uated at 4/1/2014 7:25:22 AM

0 (S [

StartTrigger true for:

v PE
Functions

Bonm
Ceiling
Char
Compare
Cencat
Convert
Cos
Cosh
Cot
Coth
Ler

Ab

[<]

| | puration: 1 [ 7]

A~

= Generate child root cause event frame before parent event frame starts
pa

Name: Root Cause
Root Cause — i |

Child Events

"|

x)
Retum the absolute value of an integer or real number.
Example: Abs(1)

Attributes

Scheduling: (@ Event-Triggered () Periodic

Trigger on [Any Input

Boiler Feed Pump Turbine Modified:3/27/2014 12:

=

OSlsoft. REGIONAL SEMINARS
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e WUCAFSVR\Power Generation - Pl System Explorer
Eile  Edit Miew Go  Tools  Help
@ Database [T Query Date ~ (© @ |°Back 5] |H,, CheckIn %2 Refresh | (3 Mew Elerment ~ | Search Liements P "
Elements Boiler Feed Pump #1
5 Elements | Genetal IChlId Elements I Attributes | Ports | Analyses ‘Verswon |
= (3 Generation - -
1 G OSTSaft Power ‘ iy u | Name: Boiler Feed Pump Vibration Anomaly
g E‘Ig Cr‘eeZF:wer F:;antt o = B  MName Backfilling Description:
e El A ‘ower Flan .
& Houston Fower Plant & 8 H Bofler Feed Pump Low Discharge Flow Anomaly ] s -
(5 Philadelphia Power Flant @ ® | BoilerFeed Pump Low Pump Speed [ . - - i
- [ San Leandro Pawer Plant @ ® | Boiler Feed Pump Suction Pressure Anomaly Analysis Type: () Expression Event Frame Generation
(- @ Unit 1 5] Boiler Feed Pump Vibration Anomaly
(G Air Heater @ H C) Results
[} & Balance of Plant
i =~ (@ Feedwater System Event Frame Templatd Preview
(G Boiler Feed Pump #1
() Bailer Feed Pump #2 Start Time: | *- 1w ﬁ
(F Generator i
G Hils MName Expl  End Time: = ﬁ I_
F Turbine 5 : = kad
[#-- £ Wind Power Generation Fleet StartTrigger| if MName Duration Start time End time
(- [ Transmission and Distribution B - Boiler Feed Pump Vibraticn Anomaly - 2014.03.28.15 01:57:30 3/28/2014 3:57:11 PM | 3/28/2014 5:54:41 PM | =
(€, Element Searches - Boiler Feed Pump Vibration Anomaly - 2014.03.29.15 01:57:30 3/29/2014 3:57:11 PM [ 3/29/2014 5
Add [ TBailer Feed Pump Vibration Anomaly - 2014,04.01.00 06:58:18.0144869 | 4/1/2014 12:43:11 AM | =
Close _=EI
Cosh
Cot
Coth
Cec ||
StartTrigger true for 30 Csch [l
Ab )
= Generate child root cause event frame before parent event frame starts Return the absolute valu of an integer or real number.
,,,,,,,, Duration: 1 Example: Abs(1)
(7 Elements MName: Root Cause
— Event Frames Category: | | = | Al
Library
mm Unit of Measure Scheduling: (@) Event-Triggered CfEenodc
(] Analyses Trigger on |Any Input -] ® Connected to the Pl Analysis Service.

Boiler Feed Purnp #1 Modified:3/27/2014 12:29:21 Ab.L Version: 1/1/1970 12:00:00 AM, Rewision 13
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File  iew Go  Tools  Help

@ Database [ QueryDate - (@ ﬁ' |°Eack (5] |H,, CheckIn %3 « Refresh |
Analyses Analyses
ﬂ%{ﬂm | = | 8 checked analyses o N
[¥] status B Element Name Template Backfilling Start checked analyses
All (117) Generation\O5ISoft Power\Cleveland Power PlantUnit 1\Balance of Plant\Feedwater System\Boiler Feed Pump #1 Boiler Feed Pump Vibration - Stop checked analyses

No Template (1)

Boiler Feed Pump Turbing\Boiler Feed Pump Cavitation Anomaly (8)
Boiler Feed Pump Turbing\Boiler Feed Pump Control il Pressure Anom
Boiler Feed Pump Turbing\Boiler Feed Pump High Bearing Temperature
Boiler Feed Pump Turbing\Boiler Feed Pump Low Discharge Flow Anom
Boiler Feed Pump Turbine\Boiler Feed Pump Low Pump Speed (8)
Boiler Feed Pump Turbing\Boiler Feed Pump Suction Pressure Anomaly
Boiler Feed Pump Turbine\Boiler Feed Pump Vibration Anomaly (8)
Gas Turbine Template\GTExhaustGasTempDiffP1vP2 (2)

Gas Turbine Template\GTExhaustGasTempDiffFivP3 (2)

Gas Turbine Template\GTExhaustGasTempDiffPivP4 (2)

Gas Turbine Template\GTExhaustGasTempDiffP2vP1 (2)

Gas Turbine Template\GTExhaustGasTempDiffP2vP3 {2)

Gas Turbine Template\GTExhaustGasTempDiffP2vP4 (2)

Gas Turbine Template\GTExhaustGasTempDiffF3vP1 (2)

Gag Turbine Template\GTExhaustGasTempDiffP3vP2 (2)

Gas Turbine Template\GTExhaustGasTempDiffP3vP4 (2)

Gas Turbine Template\GTExhaustGasTempDiffP4vP1 (2)

Gas Turbine Template\GTExhaustGasTempDiffP4vP2 (2)

Gas Turbine Template\GTExhaustGasTempDiffP4vP3 (2)

Gas Turbine Template\GTExhaustGasT: hy (2)

Mill\Mill Low Feeder Speed (16)

Coal Plant\Plant Generating (4)

Coal Plant\Plant Mot Generating (4)

Combined Cycle Power Flant Template!|PowerPlantshutDown (1)
Combined Cyde Power Flant Template!PowerPlantStartUp (1)
Unit\Unit Shutdown (4)

Unit\Unit Trip (4)

V--
[v]

H Generation\05IS0ft Power\Cleveland Power Plant\Unit 1\Balance of Plant\Feedwater System\Boiler Feed Pump #2
H Generation\05IS0ft Power\Philzdelphia Power Plant\Unit 1\Balance of Plant\Feedwater System\Boiler Feed Pump #1
HH Generation\05IS0ft Power\Philadelphia Power Plant\Unit 1\Balance of Plant\Feedwater System\Boiler Feed Pump #2
HH Generation\05IS0ft Power\San Leandro Power Plant\Unit 1\Balance of Plant\Feedwater System\Boiler Feed Pump #1
H Generation\0SISoft Power\San Leandre Power Plant\Unit 1\Balance of Plant\Feedwater System\Boiler Fead Pump #2
H Generation\0SISoft Power\Houston Power Plant\Unit 1\Balance of Plant\Feedwater System'\Boiler Feed Pump 22

H Generation\0SISoft Power\Houston Power Plant\Unit 1\Balance of Plant\Feedwater System\Boiler Feed Pump #1

Eiler Feed Pur Boiler Feed Pump Vibration
Eiler Feed Pur Boiler Feed Pump Vibration
Boiler Feed Pur Boiler Feed Pump Vibration
Boiler Feed Pur Boiler Feed Pump Vibration
Boiler Feed Pur Boiler Feed Pump Vibration
Boiler Feed Pur Boiler Feed Pump Vibration
Boiler Feed Pur Boiler Feed Pump Vibration

Bacldill checked analyses

Backfill
< Events into
History

Pending Operations
No pending operations

Analysis details

QOverview | Errors And Warnings ‘

[<] " [ D]

[ Elements

== Event Frames

Library

H Boiler Feed Pump Vibration Anomaly
Event Frame Generation

Analysis type:
Description:
Element path:
Template:
Schedule:

Generation\05150ft Power\Cleveland Power Plant\Unit 1\Balance of Plant\Feedwater System'Boiler Feed |
Boiler Feed Pump Vibration Anomaly

Natural

|m Unit of Measure

Im Analyses

[<]

& Status
In AF:

In PI Analysis Service:

Enabled

Running

Analysis configuration

Analyses
]

k=
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2
3
i
¥

=

¢ B C 1} E F G H | J K L I i} 0 P "
Site Name |San Leandro Power Plant
Search Start|  1/10/20140:00| 10-Jan-14 00:00:00 Unit Name | Unit 1
Search End |* 28-Apr-14 064032 Pump Name | Boiler Feed Pump #2 N OW
Pump Information [PI AF] IOOkIng
Inboard
Outboard \ at B F P 2 Bearing|  Outboard
Inboard Bearing| Inboard Bearing Bearing Bearing Ol Control Oil "-mmrgr—suumr emperatur Bearing
Yibration ¥ Yibration ¥|  ¥ibration X Outboard Bearing ¥ibration Y Pressure Pressure|  Pressure Pressure | Temperature
oM mils mils mils mils psi psi psi psi deg F| deg F|UOM |
Yalue at Start: 10-Jan-14 00:00:00 = [T [ = 07 ikt 14.80 J6.T6 368504 GEE[E W7 175.44| Yalue at Start: 10-Jan-14 00:00:00
¥alue at End: 29-Api-14 06:40:12 [0 | [EH - 37l [Tk 0174 1478 3576 ATTEIE 123.57(0 W73 175.75| Yalue at End: 29-Apr-14 06:40:12
Minimum || 0.0l .04 [TH[ 003 4.1 546 -JR58 BED[E T Mg 1 7363 Minimum
Average [l 1R32] (— 1531 7] [ 061 15.61 I 2628.78 .23 RS IR 20| Average
Mazimum I R E 257 I kil 1338 4650 A033.07 A07.40(5 15631 135.33| Mazimum
StDev [ 15 1540 030 03 07 147 1538.24 T ETN 13.54| StDev
EF BAHE ETERT CATEGHET EYENT TEHFLATE
Pump Events [P EF] (999) [¢ | [¢ |
Misinwm 000126 Misinm 14
Arerage 0164243 Arerage | 0033 999 <z Boiler Feed Pump #2-= Events 999 =<Baoiler Feed Pump #2=> Events
SrdDier 21206:59 StdDer [ 36078 - e Faad Burng
Mazimam Mazimam a5 \bratias Anaridly,
Event name Start lime End time Duration | Event template Jiration Minutes o
Boiler Feed Pump #2 - Boiler Feed Pump L 10-Jan-14 00:00:00)  11-Jan-14 064000 16:40:00| Eailer Feed Pump Low Discharge Flow |1 400 j:
Boiler Feed Pump #2 - Boiler Feed Pump L 10-Jan-14 00:00:00)  11-Jan-14 064000 16:40.00| Boiler Feed Pump Low Discharge Flow |1 400 - Beiler Fsad Purp
Boiler Feed Pump #2 - Boiler Feed Pump § 10-Jan-14 00:00:00)  12-Jan-14 20500 2 2105:00) Exiler Feed Pump Bearing Temp ] Hiad 1 L P S
Boiler Feed Pump #2 - Boiler Feed Pump | 10-Jan-14 00:00:00) 10-Jan-14 05:20.00 (1 5:20:001 Biciler Feed Pump Bearing Temp [ 3200 18 B
Boiler Feed Pump #2 - Boiler Feed Pump § 10-Jan-14 00:00:00)  12-Jan-14 20500 2 2105:00) Exiler Feed Pump Bearing Temp ] Hiad dil
Boiler Feed Pump #2 - Boiler Feed Pump § - 10-Jan-14 00:00:00)  10-Jan-14 05:20.00 (0 5:20:001 Brciler Feed Pump Bearing Temp [ 3200 o -
Boiler Feed Pump #2 - Boiler Feed Pump 0 10-Jan-14 00:00:00)  12-Jan-14 18:40:00 218:40:00] Biiler Feed Pump Cavitation Anomaly |1 4000 ! . R i ; .
Boiler Feed Pump #2 - Boiler Feed Pump 0 10-Jan-14 00:00:00)  12-Jan-14 18:40.00 218:40:00| Boiler Feed Pump Cavitation Anomaly |71 4000.0 & f‘ G;-‘“ ..-*‘d o & {!.6‘&
Bioiler Feed Pump #2 - Bailer Feed Pump § Tdan-14 00:30:00]  24-dan-14 240500 Biler Feed Pump Bearing Temp L P 1 ] .;“" & & .o"& \;‘Q J.-" ﬁ"
Bioiler Feed Pump #2 - Baoiler Feed Pump § Tidane14 00:30:00]  24-dan-14 2105:00 Biciler Feed Pump Bearing Temp 1 1395E0 o$¢ .3’ rad 5 S & .6’»\
Boiler Feed Pump #2 - Boiler Feed Pump J fi-Jan-i 07A0:00)  11-Jan-14 16:00.00 1 8:50:00{ Biiler Feed Pump Cavitation Anomaly | G300 o & 469 {:?\b o L wo"
Bioiler Feed Pump #2 - Baoiler Feed Pump J fi-dan-4 O7A0.00)  fi-dan-14 16:00.00 01 850:00| Eciler Feed Pump Cavitation Anomaly | 530.0 i @‘0 ‘,-,“" @‘0 \\"\ IPs"y @&
Boiler Feed Pump #2 - Boiler Feed Pump Q. 12-Jan-M 16:00:00]  13-Jan-14 10:45:00 0118:45:00] Biailer Feed Pump Cavitation Anomaly |l 260 ¢ \"“( \;\"’ \c:“*' ﬂ.\“ &"\" .
Bioiler Feed Pump #2 - Baoiler Feed Pump J 12-Jan- 16:00:00]  13-Jan-14 10:45:00 0118:45:00| Boiler Feed Pump Cavitation Anomaly | 11250 ¥ L ¥ A !
Bioiler Feed Pump #2 - Bailer Feed Pump L 12-Jan-4 18:55:00(  12-Jan-14 13:55:00 (1100:00| Biailer Feed Pump Low Dizcharge Flow 1] ¢
Boiler Feed Pump #2 - Baoiler Feed Pump L 12-Jan-44 18:55:00]  12-Jan-14 13:55:00 (11:00:00 Biailer Feed Pump Low Discharge Flow G Event Type
Bioiler Feed Pump #2 - Bailer Feed Pump J 12-Jan-14 13:55:00(  12-Jan-14 20:45:00 [ 0:20:001 Biciler Feed Pump Cavitation Anomaly 204
Bioiler Feed Pump #2 - Bailer Feed Pump J 12-dan-44 13:55:00]  12-dan-14 20:35:00 0 0:20:001 Biciler Feed Pump Cavitation Anomaly 24
Boiler Feed Pump #2 - Boiler Feed Pump L 12-Jan-14 20.55:00)  #4-Jan-14 08:50.00 11155:00] Bailer Feed Pump Low Discharge Flow |l 2550
Boiler Feed Pump #2 - Boiler Feed Pump L 12-Jan-14 20.85:00)  #4-Jan-14 02:50.00 11185:00| Bailer Feed Pump Low Discharge Flow | ] T
] LIVE | LIVERoot Cause Compare | Boiler Feed Pump Relative | Production Summary Report | Hourly Report | Daily Anomaly Investigation O] 4 b
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FILE HOME IMNSERT PAGE LAVOLT FORMULAS
- f;( #*
B c

AF &
Datalink

1/10/2014 0:00

DATA, REVIEYY

10-Jan-14 00:00:00
24-Mar-14 14:17:41

WIEWS ADD-IME

E
Site Name
Unit Name

Pump Hame

Copy of Copy of UC2014 Power Gen Reports - Excel

P DATALIMEK FI BUILDER Tearn

F

San Leandro Power Plant

Unit 1

Boiler Feed Pump #1

PRESS URES

H -

g2 X
Todd Brown =

Inboard Bearing vibration Inboard Bearing| Outboard Bearing Discharge Inboard Bearing| Outboard Bearing|
a X Vibration ¥ ¥ibration X Dutboard Bearing Vibration ¥| Bearing Dil Pressure| Control Ol Pressure Pressure| Suction Pressure Temperature Temperature
10 UoM mils mils mils mils psi psi psi psi deg F| deg FlUDM
1 value at Start: 10-Jan-14 00:00:00 [0 | 16 130l | 150 | 155 15.04 32.33 367556 11617 135.82| 122 56 |walue at Start: 1
12 value at End: 24-Mar-14 14:17:a4 || 0.09 .13 0.09 0.05 5.40 3419 28.38 c2.50( | goeel |a167|value at n
13 Minii | 0.05 0.05] .04 0.04 211 29.82 -76.94 -4.00[0 74| | 73.44|Minimum
14 Average|l 14500 1.21 [ 1.26 14.14 32.57 2798.92 123.04[0 1zalzl 110.50|Average
15 i [ 21 oo z 11| I 188 1912 59.91 408123 207 12| 142 32| 127 20] Maxi
16 | 2. 22[l] ot [ | 0.62 3.69 0.96 1687.24 g0 ] 23.46| 16.715tDer
19 EF NAME EVENT CATEGORY EVENT TEMPLATE
20| Pump Events [Pl EF](281) l:l |* |* v |
£1
22 Minimum 0 0:05:00 Minimum #VALUE] cailer
23 Average 0121522 Average #vaLUE! 281 <<Boiler Feed Pump #1>> Events Feed
24 StdDev 16:01:40 StdDev v LUE! 140 Fump i
25 Maximum Maximum #eALUE! Law 5
- 130 Fump  Pr
27 | |Erent name Start time End time Duration | Event template Duration Minutes 00 SF:T;“' A‘
28 | |Boiler Feed Pump #1 - Boiler Feed Pu 10-Jzn-14 00:00:00 11-Jan-14 06:40:00 1 6:40:00|Bailer Feed Pump Low Discharge Flow 1840.0
29 | |Boiler Feed Pump #1 - Boiler Feed Pui 10-lan-14 00:00:00 11-lan-14 06:40:00 1 6:40:00|Boiler Feed Pump Low Discharge Flow [ ] 1840.0
30 }/ 10-Jan-14 00:00:00 10-Jan-14 00:55.00 0 0:55:00|Boiler Feed Pump Cavitation Anomaly B5.0
kil 10-lan-14 00:00:00 10-Jan-14 00:55:00 0 :55:00|Bailer Feed Pump Cavitation Anomaly 55.0
32 10-Jan-14 06:35:00 10-Jan-14 07:00:00 0 0:25:00|Boiler Feed Purnp Bearing Termp 25.0
33 10-lan-14 06:35:00 10-Jan-14 07:00:00 0 0:25:00|Bailer Feed Pump Bearing Temp 25.0
Eniler Feed Pu
34 Events 10-Jan-14 09:35:00 11-Jan-14 11:30:00 1 1:55:00|Boiler Feed Pump Cavitation anomaly [ 1555.0 N contral Ol Fres:
35 \Q]anflfl 09:35:00 11-Jan-14 11:30:00 1 1:55:00|Boiler Feed Pump Cavitation Anomaly D 1555.0 F Anomaly, 10
36 \G.Q:PJS:DD 10-Jan-14 12:05:00 0 0:20:00|Boiler Feed Pump Bearing Temp 20.0
37 10-Jan-14 11:45:00 10-Jan-14 12:05:00 0 0:20:00|Boiler Feed Purnp Bearing Termp 20.0
38 | |Boiler Feed Pump #1 - Boiler Feed Pu 11-lan-14 01:30:00 11-Jan-14 01:50:00 0 0:20:00|Bailer Feed Pump Bearing Temp 20.0
39 | |Boiler Feed Pump #1 - Boiler Feed Pui 11-lan-14 01:30:00 11-Jan-14 01:50:00 0 0:20:00|Boiler Feed Pump Bearing Temp 20.0
40 | |Boiler Feed Pump #1 - Boiler Feed Pui 11-lan-14 07:35:00 11-lan-14 07:50:00 0 0:15:00|Boiler Feed Pump Cavitation Anomaly 15.0
41 | [Boiler Feed Pump #1 - Boiler Feed Pu 11-lan-14 07:35:00 11-Jan-14 07:50:00 0 0:15:00|Bailer Feed Pump Cavitation Anomaly 15.0
42 | [Boiler Feed Pumnp #1 - Boiler Feed Pu 11-Jan-14 08:20:00 11-Jan-14 08:30:00 0 0:10:00|Boiler Feed Purmp Cavitation Anamaly 10.0
4% | [Boiler Feed Pump #1 - Boiler Feed Pu 11-lan-14 08:20:00 11-Jan-14 08:30:00 0 0:10:00|Bailer Feed Pump Cavitation Anomaly 10.0 EventType
44 | [Boiler Feed Pump #1 - Boiler Feed Pu 11-lan-14 0&:25:00 11-lan-14 0&:50:00 0 0:25:00|Boiler Feed Pump Bearing Temp 25.0
45 | |Boiler Feed Pump #1 - Boiler Feed Pui 11-lan-14 08:25:00 11-lan-14 08:50:00 0 0:25:00|Boiler Feed Purnp Bearing Termp 25.0
46 | [Boiler Feed Pump #1 - Boiler Feed Pu 11-lan-14 12:35:00 12-Jan-14 15:35:00 1 6:00:00|Baoiler Feed Pump Cavitation Anomaly [ 1800.0
47 | |Boiler Feed Puro #1 - Boiler Feed Pu 11-lan-14 12:35:00 12-Jan-14 18:35:00 1 6:00:001Boiler Feed Pumo Cavitation Anomaly [l 1800.0

LIVE

LIVE Root Cause Compare

Boiler Feed Pump Relative

Production Summary Report

OSlsoft. REGIONAL SEMINARS

Hourly Report

Daily Anomaly Investigation

GLOBAL

DAY Data



= Copy of Copy of UC2014 Pawer Gen Reports - Excel 7T H - x
HOME  INSERT  PAGELAYOUT — FORMULAS  DATA  REVIEW  VIEW  ADD-IMS  PIDATALINK  PIBULDER  Team Todd Brown -
B2l - fe || {=PIEFDat{GLOBALISRS?, 'Production Summary Report' | 3C53, Production Summary Report'15C34,0,'Production Summary Report'I5F54, "Unit TIME.Day",'Production Summary Report' [SFE3, ", " " Yactive inrange","start time ¥
A B c o E F G H I J K L [ N 0 P a [
2 EF Template | Unit Time.Day site Name|San Leandro Power Plant Day of week
3| Searchstart 1/10/2014 0:00 Unit Name |Unit 1
4 search End ¥ EF Name | *
;
5
s [Lrop1o% | [eattom 0%
18
Gross Gross Gross
13 Event name  Start time End time Duration Site Hame Primary element |Day of Week |Day Type Temperature.Min| Temperature.Avg| Temperature. Max|MYY.5tart Gross MYY.End | MW.Min Gross MW.Aug MW, Max
20 |2014 01 10 | 10-lan-1400:00:00) 11-lan-1400:00:00) 1 0:00:00|$an Leandro Power Plant Uit 1 WEEKDAY 39.38 53.15 £2.12 389.43 383.05 37163 382.90 4n
21| 2004 0121 | 11-)3n-1400:00:00] 12-Jan-1400:00:00] 1 0:00:00|5an Leandro Power Plant unit 1 WEEKEND 42.95 5100 55.65 383.05 548,17 377.83 513.15 53
22 |2014.01 12 | 12-)an-1400:00:00) 13-Jan-1400:00:00) 1 0:00:00(an Leandro Power Plant unit 1 WEEKEND 36.43 39.77) 42.97 548.17 557.14 532.21 554,91 56
23 |2014.01 13 | 13-Jan-1400:00:00| 14-Jan-1400:00:00) 1 0:00:00(an Leandro Power Plant unit 1 MOMDAY | WEEKDAY 3143 34.38 37.44 557.14 557.33 445~ ~N|
24| 2014 01 14 |  14-Jan-1400:00:00) 15-Jan-1400:00:00) 1 0:00:00(San Leandro Power Plant Unit 1 TUESDAY  |WEEKDAY 29.40 36,46 44,59 557.33 561,43 E
2 00:00:00| 16-Jan-14 00:00:00] 1 0:00:00 |San Leandro Fower Plant Unit 1 WEDNESDAY | WEEKDAY 36.39 39.39 45.72 561,43 483,70 J
0:00:00 17-Jan-1400:00:00] 1 0:00:00|5an Leandro Power Flant Unit 1 THURSDAY | WEEKDAY 3L.78 33.96 38.39 483.70 559.58 J U t T inl
Dai Iy 0:00:00) 18-Jan-1400:00:00) 1 0:00:00)|5an Leandro Power Plant Unit 1 WEEKDAY 2775 31.90 36,31 559,58 584,55 7 nl rlp.
0:00:00] 19-Jan-1400:00:00] 1 0:00:00|San Leandro Pawer Plant Unit 1 |sATURD&Y | WEEKEND 32,10 36.37 4100 504,55 500,75
EventS tu0:00| 20-Jan-14 00:00:00] 1 0:00:00 | 3an Leandro Fower Plant Unit 1 WEEKEND 28,63 33.16 40.24 580.75 591,87 /d\ )
TS.)2n-14 00:00:00) 1 0:00:00|San Leandro Power Flant Unit 1 MOMDAY | WEEKDAY 35.36 30.89 33.64 58187 535. 51 ,
D000 2=y =L 00:00:00__1 0:00:00|5an Leandro Power Plant Unit 1 TUEsDaY_ |weekDav| o1l 23.28 36.49 585.70 5/ smss
35 T [zuTE =ygrerd 00:00:00] 23-Jan-14 00:00:00] 1 0:00:00]5an Leandro Power Plant Unit 1 WEDNESDAY | WEEKDAY 3103 36.55 43.74 586.95 /.72 543.00
33| |z014.m 23 | 23-lan-1400:00:00) 24-lan-1400:00:00) 1 0:00:00[San Leandro Power Plant unit 1 THURSDAY | WEEKDAY 30.67 35.83 582.23 584,35 550,66
34 2014 01 24 | 24-)an-1400:00:00] 25-Jan-1400:00:00] 1 0:00:00[3an Leandro Power Plant unit 1 WEEKDAY 34.48 36.28 ] 584.35
35| (2014 01_25 [ 25-)an-1400:00:00] 26-Jan-1400:00:00] 1 0:00:00[San Leandro Pawer Plant Unit 1 WEEKEND 33.30 36.73
36| |2014.01 26 |  26-)an-1400:00:00| 27-Jan-1400:00:00) 1 0:00:00(San Leandro Power Plant unit 1 WEEKEND 37.34 41,12
37| 2014 01 27 | 27-Jan-1400:00:00) 28-Jan-1400:00:00) 1 0:00:00(San Leandro Power Plant Unit 1 MOMDAY | WEEKDAY 35.64 42,73
38 2014 01 28 | 28-Jan-1400:00:00) 29-Jan-1400:00:00) 1 0:00:00(San Leandro Power Plant Unit 1 TUESDAY  |WEEKDAY 35.95 42,99
30 2014 01 29 | 29-Jan-1400:00:00) 30-Jan-1400:00:00) 1 0:00:00(San Leandro Power Plant Unit 1 WEDNESDAY | WEEKDAY 37.32 45.35
40| [2014 01 30 |  30-Jan-1400:00:00] 31-Jan-1400:00:00] 1 0:00:00|5an Leandro Power Plant Unit 1 THURSDAY  |WEEKDAY 38.37 45.66
41| |2014 01 31 |  31-Jan-1400:00:00] 01-Feb-1400:00:00] 1 0:00:00|5an Leandro Power Plant Unit 1 WEEKD&Y 45.71 52.39
42| 20140201 | 01-Feh-1400:00:00] 02-Feh-1400:00:00] 1 0:00:00|5an Leandro Pawer Plant Unit 1 |sATURD&Y | WEEKEND 34,55 41,15
43| |2014_02_02 | 02-Feb-1400:00:00] 03-Feb-14 00:00:00 1 0:00:00|San Leandro Fower Plant Unit 1 WEEKEND 23.58 37.42
44 | |2014_02_03 | 03-Feb-1400:00:00] 04-Feb-1400:00:00 1 0:00:00|3an Leandro Fower Plant Unit 1 MOMDAY | WEEKDAY 3152 38.18
45| |2014_02_04 | 04-Feb-1400:00:00] 05-Feb-14 00:00:00] 1 0:00:00|3an Leandro Power Plant Unit 1 TUESDAY | WEEKDAY 41.13 41,79
45| [2014_02_05 | 05-Feb-1400:00:00] 06-Feb-14 00:00:00] 1 0:00:00|5an Leandrn Power Plant unit 1 WEDNESDAY | WEEKDAY an.a3 40,97
47| |2014 02 06 | 08-Feb-1400:00:00] 07-Feb-1400:00:00] 1 0:00:00|5an Leandro Fower Plant unit 1 THURSDAY | WEEKDAY 40.68 43.56
48| |2014 02 07 | 07-Feb-1400:00:00] 08-Feb-14 00:00:00] 1 0:00:00|San Leandro Fower Plant unit 1 WEEKDA&Y 48.62 57.47)
45| |2014 02 08 | 08-Feb-1400:00:00| 03-Feb-1400:00:00] 1 0:00:00|San Leandro Pawer Plant unit 1 |5ATURDAY | WEEKEND 13.29 51,08
50 |2014 02 09 | 03-Feb-1400:00:00) 10-Feh-1400:00:00) 1 0:00:00(San Leandro Power Plant Unit 1 WEEKEND 43.60 47.53
51 2014 02 10 | 10-Feb-1400:00:00| 11-Feh-1400:00:00| 1 0:00:00(San Leandro Power Plant Unit 1 MOMDAY  |WEEKDAY 42,88 46,16 v
LIVE LIVE Root Cause Compare EBciler Feed Pump Relative Production Summary Report Hourly Report Daily Anomaly Investigation GLOBAL DAY Data @ 4 3
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Copy of Copy of UC2014 Power Gen Reports - Excel

7 @

IMNSERT PAGE LAVOLT FORMULAS DATA, REVIEW WIENY ADD-INE FI DATALIME PIBUILDER Team Todd Browm =
26
E F G H | J K
search Start 1/10/2014| 10-jan-14 00:00:00 Unit Name | Unit 1
L4
Search End | * 24-Mar-14 14:20:12
(76) Events during DAY ---2014_01_25--- on <<Unit 1>>
Y — T8 01 25 76 --2014_01_25-- Events
n Eniler Feed Pump
Eniler FeedF|
Site e (D (R 76 ---2014_01_25--- Events Unit TIVEDay, 1 Bearing Temp. 2. Cantral 0il Prass ure
Unit Unit 1 Anomaly, 2
Unit Shutdown, 0_ = 4
Start Time 25-Jan-14 00:00:00 PowerF|ants hutDmen, i _EnilerFead Fump
End Time 26-Jan-14 00:00:00 PowerPladEtartlp, 0 4 Ciailarion Anomaly, 4
Duration 10:00:00 Fesd __oiler FaedPump
Fump Low Dis charge
Duration (min) 1440.0 _ Low Flow, &
Day of Week SATURDAY BpiiMFeea Pump
Day Type WEEKEND — E0&fh P ressure
WUCAFSVRAPow er GenerationiGeneratiori0S1Saft & P Will Law Feeder Anomaly, 0
. & & Speed, 47
Hement Path PowenSan Leandra Power PlantUnit 1 ‘ﬁs‘ lad' F peed, Eniler FesdPump
F + WibrationAnomaly, 0
Ambient Temperature.Min 53800
Ambient Temperature.Ave  SEZ I
Ambient Temperature.Max
TURBINE OVERVIEWY
HP Overall Hficiency.Avg 0.00

IP Dverall Hficiency.Avg 0.00
Gross Myv.Start
Gross MW.End
Gross MW.Min
Gross MW.Aug

Excursion
Events

EF Mame

\
A

8 X

[

Euert Category Evert Template
Events Active In Range & |*<
Relative Time  ~ |Erent name - Start tir End ti Event template Excel -+ |Site
00 -- 05:05:00 Boiler Feed Pump #1 - Boiler Feed Pump Low Discharge Flg 24-Jan-14 165500 29-Jan-14 21.55:00 Boiler Feed Pump Low Discha = 3an
00 -- 04:05:00 Boiler Feed Pumnp #1 - Boiler Feed Pump Low Pump Speed-| 24-lan-14 12:55:00| 29-Jan-14 21:55:00 Boiler Feed Pumnp Low Pump § Chartlng San
00 -- 03:05:00 Boiler Feed Purmp #2 - Boiler Feed Pumnp Low Discharge Flg 24-Jan-14 20:55:00|  26-Jan-14 0§50:00 111:55:00|Boiler Feed Pump Low Dischal 3an
00 -- 02:45:00 Boiler Feed Purnp #1 - Boiler Feed Pumnp Contral Qil Pressy 24-lan-14 21:15:00|  25-Jan-14 01:55:00 0 4:40:00(Boiler Feed Pump Cantral Qil san
24-lan-14 21:30:00|  31-Jan-14 05:15:00 UnitTrip Unit 1 san
Boiler Feed Pumnp #2 - Boiler Feed Pump Low Purap Speed-| 24-lan-14 22:45:00| 26&-Jan-14 09:15:00 110:30:00|Boiler Feed Pump Low Pump Speed Boiler Feed Pump #2  |San
Mill 2 - Mill Lowe Feeder Speed - 2014.01.24.23 423 25-Jan-14 00:01:00 0 0:07:40(Mill Lowe Feeder Speed Ml 2 San
2014_01_25 26-Jan-14 00:00:00 1 0:00:00|Unit TIME Day Unit 1 San
00 -- 00: 32:30 Mill 4 - Mill Lowe Feeder Speed - 2014.01.25.00 25-Jan-14 00:52:30|  25-Jan-14 00:42:00 0 0:09:30(rMill Low Feeder Speed Ml 4 3an
00 -- DD: 32:50 Mill 1 - Mill Law Feeder Speed - 2014.01.25.00 25-Jan-14 00:32:50| 25-Jan-14 01:36:30 0 1:03:40|Mill Low Feeder Speed il 1 San
00 -- 00:34:00 Mill 2 - Mill Lowe Feeder Speed - 2014.01.25.00 25-Jan-14 00:34:00| 25-Jan-14 01:41:20 0 1:07:20(Mill Lowe Feeder $peed Ml 2 San
00 -- 01: 30: 20 Ml L - Mill Lowe Feeder Speed - 2014.01.25.01 25-Jan-14 01:40:20|  25-Jan-14 02:22:00 0 0:41:40(rill Lowe Feeder Speed Ml 1 san
00 -- 04:20: 20 Ml L - Mill Lowe Feeder Speed - 2014.01.25.04 25-Jan-14 04:20:20|  25-Jan-14 04:32:30 0 0:12:10(rMill Lawe Feeder Speed Ml 1 San
00 -- 04:34:00 Mill 1 - Mill Law Feeder Speed - 2014.01.25.04 25-Jan-14 04:34:00| 25-Jan-14 04:38:30 0 0:04:30|Mill Low Feeder Speed il 1 San
00 -- 04: 30:50 Ml L - Wil Lowe Feeder Speed - 2014.01.25.04 25-Jan-14 04:40:50|  25-Jan-14 08:03:30 0 3:22:40(nill Lowe Feeder Speed Ml 1 san
00 -- 08:13:00 Ml L - Mill Lowe Feeder Speed - 2014.01.25.08 25-Jan-14 06:14:00| 25-Jan-14 0&:40:00 0 0:26:00(Mill Low Feeder Speed Ml 1 3an
00 -- 08: 46: 40 Mill 1 - Mill Low Feeder Speed - 2014.01.25.08 25-lan-14 08:46:40| 25-Jan-14 05:53:50 0 0:07:10|Mill Low Feeder Speed rill 1 San
00 -- 09:09:00 Mill 1- Mill Law Feeder Speed - 2014.01.25.09 25-Jan-14 09:09:00| 25-Jan-14 09:14:20 0 0:05:20|Mill Low Feeder Speed il 1 San

Production Summary Report Hourly Report

| LIVE ‘ LIVE Root Cause Compare | Eciler Feed Pump Relative

Daily Anomaly Investigation

GLOBAL

DAY Data [4]
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CBM / Proactive Maintenance Monltorlng

@& http://cs2014beta/Coresight/2/PBDisplays/26 0~ c| I & Pl Coresight

O PI Coresight

Boiler Feed Water Pumps

Screen design for

38.34 k Ib/hr

- o condition

Bearing Metal 122 deg F
]

,,,,,,,,,,,, T AT assessment

Select to transition
to analytical view

a8 X-probes I BFP Steam Turbine Trends Coupling Trends Pump Trends
auvm' [II [ vibe | [radisiral [thastor] [ kbeai | [ Mam | | wbe || brgteme || casetema| [ operpar || mm |

Main Steam Flow

Pump #2 rvice Ozzggfian-13 114.75 k Ib/hr

Correlated Condition data
(vibrations, temps, ...)

Active Thrust

Inner Temp 233 deg ¥

Searing Metal 128 deg F
§

Pl ProcessBook
Graphics in
Pl Coresight

O!I Temp Leaving Cocler
110 deg F

BFP Steam Turbine Trends Coupling Trends Pump Trends
4/30/2014 12:02:36 AM < 8h >
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CBM / Proactive Maintenance Monitoring

@ http://dfpicoresight/coresight/2/ Displays/1128/Boiler- O ~ & @ Pl Coresight @ Pl Coresight - Boiler Feed P... ﬁ Pl Coresight 2
Pl Coresight” ] n
@ homepage g IE-I @ Boiler Feed Pump - Bearing Temperatures | "W (Read Only) Q o

Synchronized

Maw

Selected AF Assets by

trends comparing
both pumps

D Asets hierarchy or search

perature | © Boiler Feed Pump #1|Qutboard Bearing Temperature

WUCAFSVR\Power Generation\Genera deg F 12241 degF
d  [.[\Cleveland Power Plant\Unit 1\Balanes
B soiler Feed Pump #1
130
T Boiler Feed Pump #2 . :
Fi [.\Houston Power Plant\Unit 1\Balance of Plant\l 110
T Boiler Feed Pump #1 100
= . .
an P p - ) piJ o
Events = @ g
3/2/2014 B:57:49 AM 58d 4/30/2074 T:57:49 AM
NEvents from 1/2/2014 10:57 AM - 6/28/2014 5:57 AM LE L

’ @ Boiler Feed Pump #2 - Boiler Feed Pump Beal ®  Boiler Feed Pump #2|Inboard Bearing Temperature | @  Boiler Feed Pump #2|0utboard Bearing Temperature
4/30/2014 5:23:56 AM - In Progress 147.95 deg F 125.36 degF
} @ Boiler Feed Pump #1 - Boiler Feed Pump Low i 161
4/20/2014 3:01:26 AM - In Progress

P (O Boiler Feed Pump #2 - Boiler Feed Pump Low e
4/29/2014 11:36:55 PM - In Progress
B (D Boiler Feed Pump #1 - Boiler Feed Pump L 120
0
Search
Cart O ame 58 Avallable on de 0] 0 I
’@ MyTr‘end N\ |58d| . .. a .. - Ant
S . - T T harlzal T T T T harlgnl r T T T I rls CA

P & 35-5-14fFlow Rate

= S ,
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Condition Based Maintenance Screens

et Rurtime Tags

BFF 1A Runtime Hours when -BFP1ART
BFF 1B Runtime Hours when -BFP1B.RT
Discharge Flow - . BFP ZA Runtime Hours when  -BFF2A.RT
BFF 2B Runtime Hours when -BFPZB.RT

2500
000 12015: Condensate Pump A Runtime  -COND_ART
0 W . Condensate Pump B Runtime  -COND_B.RT

Total Head - 1A=

TagiD  Tag Name Tag Descriptor

12012 BFP2ART BFF 24 Runtime Hours whenh .
arinitials to the comments texthox
BFP 1A SUCT S

BEP 1A SUCT PH } Click the "Res Counter buttan.
BEP 1A DISCH P Value (Hours): [REE:S

BFP 1A DISCH F R
TOTAL HEAD Please add comment and initials.

Reset Runtime Counter



Manual Round Data Correlation

Flot-0

Green =#

Data
Taken SAT
every | i ’15:|$;3-DB-EEFF’A:EiFF'A_DiI_F'ump_Disu:h._F'ress..SAT

il P e I\
from th a NI .,.",.upl“'.. SN\ ! 1...' -.'-.,‘l‘ { [ \a B i -
handhe

=LElE)

O SHA-03-DB-EFFPA:BFFA_Temp. Cutput_Bearing. SAT
122.00

=l

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

o
41102009 10:46:25.208 At B0.00 days BAL2009 10:46:25.208 Al
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Operations — Plant Overview

Throttle - Steam Temps, Suparhast Spray CR
A Intf Shut” F 45 KPPM B
3, VPPH
-'TUP[ 1167+ °‘°_ B IMIShat"© 25 LFEH
PF Ingt ~
HEM 3610 FW Leaving Econ
| 470 s | s \ ot
4385 Uppet Fumace Temps Noioaaes 2,598 "+
2063 Vacuum 2798 0 °f MI°F e | ST
422 7 ‘ 8. -
TS of |ww88 °F 46 ° ¢ .
21 1O Teme s at 0 10 Time . it 8 ; A From MP 455 7/
1c Water | I ¢ Water B I %® Heslen ) o 3 P
= -2 agiay Mtf §wt o dtf §wt FW Entering Econ
= h__\ Pei MALLS
"Sa ] ' 477 e —
275+ /, e gs., \ Into APM \
345+ Q O @ \) 151" cff Ry | | A 6547F Ay Prec
ey o 673" F
» Pragsute Hastan 149" 510w
) © Avg Cold End Temg APH Delta P .
2,712 ; A 2IXF 2.90 - Sy
. 149" 4 8
. : g 25%F 231" R
Om PS5 T o ccnomize | 9003 Tills  65.73 4 |5
y o, Intat FO\ Far 1 :’."l Fans APH Gas Temp Out 0
Boller Feed Pumps A301°F
¥PPH % RPM Total Coal Flow Total Heat Input 1] H323°F

A 1,446 £¥O Timeowt
81,780 €O Timeout

STATIC

IN L

QA0 OVER

356

KPPH

PASTE

T HOUR

uut,4 1w

POWER STATION OVERVIEW

=

RN

PP

2055 Banmeter |

|

] Wind eel

% wee. (R
/ h
D Power
O ID Fans

AMP ¢

WO FPupout 2ad Input

Bad input




Operations — Controllable Loss

10/ 17:04:
ETW 4 OPERATOR CONTROLLABLE LOSS Ne,°h}$v’?°gfs a0
Controllable Variable UNITS ACTUAL DESIGN +500 DEVIATION (HR) -500 HR MY
Main Steam Pressure, . __| PSIG 24(" 2415 _— -14 -03
[ ——— -
Main Steam Temps  + o w00 | oo (INDDEEEEEEEE| s | o«
SH Attemperation Flow kibr Bad In;ﬂ 0
Hot RH Steam Temps || °F so2 | tooo ([N | | oo
RH Attemperation Flow Kibhr 40.4?9 0
Condensate Subcoolin~ °F 25 : 4.0 max
Excess 02 * " — % 204 1.80
Stack Temp b R 2568 238.2
ili . MW 7. .
Auxiliary Power — 03 8.50
Backpressure (O in Hga 3.37 2.00 l _ 447 -10.3
—
VYacuum in Hg 26.55
Heat Rate D btuikwh | 10844 [ JEEE




Environmental Monitoring

Environmental Monitoring Summary

9/20/2009 8:19:13.01501 AM ] Thermal Limit
SO2 [ [®)"¢ Opacity River BTU
. 30 Day Diaily 30 Day LimitSF Annual
Unit3 [28 .L””S. 0.5] % [0.5 0
Days 7D [ |
0.0 MW E}{ceeded ||7Pmm 30667
[Forecest | 3.1 40 » 30D JE
- — B el
20 » 25 plL e 5 » e i -ty
Unit 4 Shutdo 0 05 Shutdown oy Shutdown 1.26 1275.31
_ : _ _
79.0 MW Exciiied 70
Pre T D
H 3.1 40 » P « 40
o
20 » 25 » 25 e e
Unit 5 Shutil Shutfown oy Shutfown 2.71
B
0.0 MW I Excorded 7D
0 m
29 40 W a 0]
20%
‘24 .
o Dt e e
20 ® 2.0 - 25 » 25 » b
Shutdown 0.09 Shutdown Shutdown 1.51



TELEMANDO PARGLES e e et
EGLICGS = s 1a 2 . Ingenleria
Berogenerador NP11 howe | zoom | meemmr | mers | earoue | warazo | pemoue | Campisibalos
90.38 @ [l AMBENTE 24.76 — o o 2.8
f 1 v T 16 10053
&l sonooLa 90.38 0.09
| g | O
& | ROTOR
FARGIUES BOLICOS
| Campisabalos |
¢ ok Pbk Efcd Emer  Edio
o lara lasr 1498 laras s
| Pozocafiada |
lF bk |E1'||::.'=rr:. lEmes IEa"i'-:-
n% GROUND DATOS PRODUCCION
| HijES | 750.19 Produccién Aiio Actual 1.88
Pbk Efc% Emes Edio 50 2.0 Produccion Mes Actual 1.88
| | | | - Produccién Dia Actual 1.88
; Produccién Hora Actual 1.88
Somolinos | 750.19
| 50.20 ﬂ%@ Produccién Total 188
lp.ma IE1'-:=.-=:~:. lEmf:z‘. lEa"i'-:- Hl &] transkormanor
DATOS DISPONIBILIDAD
| Morrahlancas | Disponibilidad total en % 90.27
Pbk EN:% Emer Edio Disponibilidad Total Red Horas 1,000.02
l [ [ l l Disponibilidad Total Turbina Horas 1,000.07?
= Disponibilidad mes en % 90.2?
Catalojas
| ] | ELIDNESIBEHOGENERRUDR Disponibilidad Mes Red Horas 1,000.07?
G lF.E:iB lF.tlF.' lEﬁI:.':i- lEJTIE!: lE.E"I" Cak Versién Armario Control Top ?. Disponibilidad Mes Turbina Horas 1,000.0?
Version Armario de Control Ground ?. Disponibilidad mes anterior en % 90.2?
Disponibilidad Mes Anterior Red Horas 1,000.0?
TI:_]T.‘[I‘.L Disponibilidad Mes Anterior Turbina Horas| 1,000.07?
¢ Poid Pbe Efcd Emes Edio C3pk
l2ra  bBsr b Bres lsraz

PROTECCIONES SUBESTACION

| MINIMA TENSION IEDBEEI’EN. INSTANER | SOBREINTENSIDLD | MAY. FRECUENCLL | MIN. FRECU ENCIL |EDBEEI’ENE. HOMOL. | DIS F.CUBL TRAFD | DI5. MEUTRO.TRAFD | DISF.TER MOSTATD

I.D.L.ﬂ.EM.D.TEMF'EE.D.TUE.D.I DISF.TEMPERATLRA I.D.L.D.EM.D.EIUCHHDLZ IEIISF'.D.EDEIUCHHDLZ | BillD NI, ACETE |SDEFEEF'EES.TE.D.FD | AUTOM. TTENSION | FALTA G | FALTACC

3| ARIEF = PRI

W[13/08/02 19:57:20.279  Alarm on - not ack. ECM HIGH




Non-routine Operations : Start-Up  |Grad e

START UP| Ramagundam U#3 Check 5 [ BLK 4,5 FINAL RAMP STABLISN |

PRE START CHECKS Oil Injection test |_|
Rolling Parameter Electrical test _ -

Total time at 3000 rpm H2Cold gastemp 36.1253
Time From step 4 to 5: 6 Hours
Sealciltemp 354081

3000 RPM

2500 RPI

(3)
Actual Speed

3002.12 o

Bearing Vibrations

1000 RPM

Load MW
145.956

e e e

Frewarming of Turbine

98

I —.-n-a—_-*_._,__.__-.‘n_-_

Check 1 . Check?
Check 2 Check 3 Load Raising from Block load to 200 MW
— 300212 [Turbine Speed: 1000 RPM 300212 Criteria : Speed raising 3000 rpm ROLLING
EHC in service  NOT_MALFUNCTION Al Vibrations With in Lirit Cross Over Pipe Inner Metal Temp. »= 175 Deg
Criteria: ESV opening _ 0 _
Wain Stmto CV Chest DT < 50 deg .
|Cri'teria:{2‘.|’op-ening Check for all Bearing temp normal -HRH pr 12 kgicm2 HP Heaters Charged  -1.14373 BLOCKWISE
Block Load : 10 MW
AOP cut out 2600 rpm
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The Challenge

So much data, So little time...
* Larger systems
» Data Overload
* How can we mine the data for information?

® pirate WWEST
7942 03733
events/min
S000
A000
= ElE
Rl

1000
0
8/26/2006 B:00:00 A B.00 hours 8/26/2006 12:00:00 Ph
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Advanced Pattern Recognition (APR)
Modeling (Partner products using the Pl System)

Predictive Analytics leverages the Pl system
— Computers working for you!
— Reduces Manual Monitoring
— Detects anomalies on critical equipment and systems
— 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

. REGIONAL SEMINARS



Fan Motor Bearing

Temperature movement on FD Fan Motor outboard
bearing (about 17 degrees above expected currently).

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

125
120
115
110
105
100

11/28/2006 11/28/2006 11/29/2006 11/2972006 11/30/2006 11/30/2006 12/}/2006
00:00:00 12:00:00 00:00:00 12:00:00 00:00:00 12:00:00 000000

After detection, the filters were found dirty, replaced, and
the real time oll level and temps are dropping back to the
model expected value.

OSlsoft. REGIONAL SEMINARS



Pl System usage to improve
Curtailment Strategies

“... Along this month generation has been increased in
more than 50 GWh, which would not have been

generated if we had followed the former curtailment ”V/\ m
strategies.” T

= B 2= 2= =

“This means an important benefit to our company. And
also a few other facts such as less mechanical wear of
our turbines, less urgent works on site, ... which are
more difficult to quan t’fy (40013 140000 88 70 oadp 2037000
Gustavo Moreno

CORE Manager

Business Challenge Solution Results and Benefits
* Reduce inefficiencies * PI AF training, design, « Average increase in
« To use aggregate real planning and energy generation: 30%
time data for real time deployment with peaks above 60%

Other benefits not

decision making during CoE help with PI ACE

curtailment issued by deployment guantified yet
TSO « Calculated data inserted
in Pl Servers
IBERDROLA

© Copyright 2014-15 OSlsoft, LLC.
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CURRENTLY: Global Setpoint Curtailment

00 o T
00
04/2013 14:00:00 & & 17,00 horas<J[> 2 1210412013 7:00:00

Expected Power — Estimated power with individual curtailment Total Actual Power

Total setpoint

Average increase in energy generation: 30% with peaks above 60%
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Business Transformation - Benefits

(6{0]0) Pl System Environmental Trading

Dashboard Dashboard reporting Information

Dashboard

coal mill Pl System Fleet
maintenance Dashboard
Infrastructure

Unit Online Benchmarked Boiler tube
efficiency efficiency heat rate temperature
models monitoring models - excursions

Copyright Verve Energy 2013

OSlsoft. REGIONAL SEMINARS

Engineer
Dashboard

Station
Overview

Unit
Chemistry
Trends

Capability Development

Pl System Infrastructure
& data feeds

Integration with Intranet,
create awareness

Explore expert systems:

* Performance
Optimisation

Asset use
optimisation,
predictive monitoring

Relate other data
sources:

» Advanced analysis &
process tuning

Wy
verve

ENERGY
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Business Case — 12 months later

OSlsoft. REGIONAL SEMINARS


http://www.hdwpapers.com/walls/bag_of_money_wallpaper-other.jpg

OSilsoft “Power Of Data”

* All data In real-time with context and
history

* Decision Making is:
— Faster
— More Accurate and Complete
— More Effective

* Preserve and expand knowledge

 Enable situational awareness and
predictability

 Increase speed of execution

« Cultivate and leverage the collective
“mind” power of the organization
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Please contact us for more information

Thank you for your attention

Mr. David A. Thomason

Industry Principal - Global Power Generation
OSilsoft, LLC.

Phone +1 713 858 5585

Email: dthomason@osisoft.com

Corporate Website www.osisoft.com
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