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Agenda

 Asset Management Issues and Trends
o Utility Use Cases
—PSE&G CMMS
—SDG&E RtCBM
* Benefits and RO
o« Summary and Q&A
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Asset Management

1. Traditional asset management approaches
- Issues
- Limitations

2. Evolution of maintenance practices

Past Present Future . Interval based
l — Time based
— Counter based
 Condition based
« Real-time Condition based
v * Future Asset Management Practice
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PSE&G
(Public Service Electric & Gas)

CMMS

(Computerized Maintenance

Management System)
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WHY? Asset Management
- Inside Plant

What do you do when...

»You have $1.5B of installed plant with a
replacement value of $5.4B

» Average age of the assets exceeds 40 years

» All equipment is expected to be used and
useful all the time, and

» Maintenance expenditures erode earnings and
capital replacement provides for no new
revenue?
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Equipment Age Profile in Utility

Transformers Breakers
Total - 955 units Total - 4578
2501 12001
2 2001 2 10001
= 5 8001
2 10 < 600
= 1001 w400
50 2001
0- 0
<11 11-20 21-30 31-40 41-50 51-60 61-70 71-80 <11 11-20 21-30 31-40 41-50 51-60 61-70 71-80
Age (years) Age (years)
O Transmission M Distribution O Transmission M Distribution

Average Age- 37.4 Years Average Age-40.6 Years
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The Mission

To optimize the Investment In
assets while Improving
the overall system reliability of
Electric Delivery
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The Vision

To perform the right maintenance
at the right time, based on the
consistent analysis of data to

ensure a safe, reliable, cost
effective approach
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Functional Areas of CMMS

o Data Collection and Consolidation

— Diagnostic and Inspection Data _
_ _ Qata CollectloD
— Time-series Data
i Raw data

— Relational Data

» Asset Analysis and Reportin
— ConditionyAssessment i ) AnalyS'S&RepoD
— Criticality Assessment Feedback i Measurement
— Work Priorization points

» Maintenance Management Maint?nance Manag@
— Measurement Points ﬂ

— Work Order Generations

=_Maintenance Planning
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Integrated for Success

Q Clc:Ar1qition Based o .
os| |— o —1| System Integration

Sse anagemen SAP .
M soncarvata | Job Greation Service Assurance
Analysis iormaton | Materi Vit (Outage Management)

Asset registry

Work Management
(Crew Management)
Wireless Communications

e Sheets Graphic Information
Ol ompletion (A /FM)

g Decision Support

ey e

Inspection Data
Diagnostic Data

Jobs Creation
Material

CGI CAD System

Shared Server
Scheduling
Dispatching

(Data driven decisions)

Wireless
Network

+ Platform

+ Process
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Implementation Overview

= . d S Workstations Workstations ERP / MMS
Measurement
$ $ $ Points
Asset ]
OSlsoft Technology Definitions
RLink [ Mntc |
Penine  pUEWR Contextual R\tll\jott;tal «—> Bigg;(‘:l':li;);al <—>|_Blans
Datab eb-
Database Tools aiaBase Server Tasks
| o Order
$ * | History |
Standard Interfaces r
Pl to Pl - OLEDB - OPC - COM connectors - Batch | e $
Substation
Gateway Mntc
A | A | A T | | Server
Distr Transm Orders
DeltaX || Hydran Doble SCADA MV 90 SCADA
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Data Correlation

2| Bl 2z e 2]

Peer Group Algorithm
Assign . | |c.c\ LTC MODEL Assign ... |
Pl Module Database Editor - Microsoft Internet Explorer AR
te Edl Vew Faades Tok B Score|[FLOC EQ Name |Descriptinn |Seria| Numb
| B £ Y Foos Tok b | 8 000000000010542736 Load Tap Model G/00000000001054; ADZ96T f
100000000010503850 Pawe . | 241 IPE-S0-CAZ-UNIT1 00000000001 0520986 Load Tap kodel 8/000000000010531 A1171%
= : | 341 1PE-50-5NF-4TRX 000000000010523972 Load Tap Madel 8/00000000001052 ALM22911
P— X| & Sl | & Ases B] | [ 751 IPE-PAMAY-T2 000000000010542731 Load Tap Model 8/00000000001054; 6311166 stk % Pt | s
r | 721 1PE-PA-MAY T 000000000010542730 Load Tap Madel /00000000001054: 6311169 : ‘
AilHionrilhe e Ve | {71 7 IPE-SO-CAS-UNIT 2 000000000010520857 Load Tap| Model $/00000000001 0521 41181 blpslVin [reghieme  [Server  [sapsht v
oLy e B eq e wot} | 6.7 IPE-PA-WAD -T20 000000000010542776 Load Tap Model 9/00000000001054 6311168 ESOCLORINWU  BENTREEUMD  riuhapsts 369592
' eqoesc Pue | 7] 6.7 IPE-SO-THO -T1 000000000010524357 Laad Tap| Model 8/00000000001052: 6311165 WSHIARIN — BNTRREDLLQ - nvkapst 0
Baoccose  armel 7T 6y IPE-SO-THO -T2 000000000010524356 Load Tap Model 8/00000000001052: 6311170 oo ”?””tapszz o
pr———————— B nocums  ece 6.02 IPE-PASAD -T10 000000000010542773 Load Tap Model 8/00000000001054 5311167 BT TR ”?”f"‘ss e
—1 HIRR . njnuk.aps |
FECEN T 7 gm”“mmm' L 4.7 IPE-50-5CA -T2 000000000010523481 Laoad Tap| Model 8/00000000001052 M102315 OLLEEL - njnwkassﬁ .
§C Summer Normal 33,80 RS
IPE-CE-BEN -T2 -7261 MAZ QIL TEMP BEMTRETOOM  ninvkapsés 79
HORMAL RATING 24000
IPE-CE-BEN -T2 72610 gSecondaryVD\tage 13 E HAX WINDING TEMP BENTRE.TO04M  njnukapssS  BROKEN
IPE-CE-BEN -T2 726l @‘TRFCONFIG 3hee | Scores for Individual Factors FLUID COMDITION  BEM:TRE.QOOZYY  njnukapsé3 Pt Created
IPE-CE-BEN -T2 -TZR2V 1 GAS CONDITION BEN:TRE.QUO4.YH  njnukaps65 Pt Created
= ' s homeer [fenss Factor | Raw\n"alue| Case| Multiplier| Scnre| Error [ |
: Wyater Content 14 10 015 1.5 A
CM Costs 10 0.05 0.5 12/31/1969 T:00:00 P Query Date OT/15/2002 11:48:22 AW Hea‘ j
1 Objects  Type: PIMadule @liases: 5 Properties: 10 Effective Datar 12/31/1969 10001 PM Guery| il Fhysical 7 3 017 081 _I
: : 23 My Computer
£ M Count 0 0 0.05 0 BT
LTC THRU NEUTRAL 0 2 1 2
LTC Operatians 578 10 0.2 2
FM Ferformance 33 2 0.1 0.2 |~
Ready 07/17/2002
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Data Correlation (cont’d)

Operational Data

I Module Databhase Editor - Microsoft Internet Explorer

J File Edit Yiew Favorites Tools Help .'f
000000000010047622 Power Transformer A
Folder Iterns = @ Sub-hodules l}% Fl Aliazes |@ Pl P[Dpertieg I .
EI@ She [ APIAlias Marmne | Tag Name |server | Snapshot Yalue
101H \@E) ESOC LOAD IM MWA SBE:TRF.EOQQ3, 3 ninwkapses 4938,7145
110% \@E) 230K MAR WINDIMG SBE:TRF.TO14.M ninwkapses =3=1
1azn \@E) SO0KY MAR WINDIMG SBE:TRF.TOO4, M ninwkapses =3=1
\@E) OIL TEMPERATURE SBE:TRF.TO3Z.M ninwkapses =3=1
= LTRA \@E) TAME ©IL LEWEL SBER:TRF.LOOL, M ninwkapses 250C
000000000010047622 Power Transformer A ‘T3, TOP OIL TEMPERATU... SBE:TRETO0L.M  rjnwkapseS &0
000000000010504816 Disconnect Switch Deluge Systemn A \Ea) HYDRAN FEM SBEITRF, Q012, M rinwkapses 27
000000000010504817 Disconnect Switch Deluge Systemn © \Ea) HYDRAN ROC SBEITRF, Q012 N1 rinwkapses a
00000000001050451 5 Disconnect Switch Deluge Systarm B \Ea) 2501 GAS SBR:TRF. G014, M rinwkaps6s 63
0000000000105042827 Disconnect Switch S00-1 230K Disc % SOO-Th GAD SBR:iTRF. QO15.M rinwkapses 147
0000000000105042828 Disconnect Switch S00-1 220Ke Grd % S00-1 PHASE A GAS SBEITRF, G014, M rinwkapses 11g

000000000010504850 Disconnect Switch S00-1 BS 1
000000000010504851 Circuit Switcher
000000000010504852 Disconnect Switch Ground
0000000000105045853 Disconnect Switch Auto Ground
000000000010504920 Power Transformer B
000000000010504921 Power Transformer C

IPE-CE-SBB -1TRR -725% Transformer Differential Relays
IPE-CE-SBBE -1TRX -7261 BER Trip Checks & Megger
IPE-CE-SBBE -1TRX -7303 Transf, Tertiary Relays -

230B51

230B52

230B53

- Z30BS54 -
ﬂ HHHHHH I _}IJ 4| I ﬂ

1 ©bjects  Type: PIModule Aliases: 11 Properties: 53 Effective Date: 12/31/1969 7:00:01 PM Query Date: 8/4/2005 1:35:49 PM  Creator: piadmin ParentCount: 3 |

|@| Done I_ |_|_| :J My Computer




Data Correlation (cont’d)

Characteristic Data

I Module Database Editor - Microsoft Internet Explorer

J Fil=  Edit Wiew Favorites Tools  Help

000000000010047622 Power Transformer A

Folder Iterns X| @ SubModules | Ty Pl Aliases B Pl Froperties |
El@ BB ﬂ APIProperty Name |'-.-'a|ue |Datat3r|:|e

£ 101H @ E MUMBER. 0o00000000010047622 String

l 110% @ Ex DESCR Power Transforrner & String

122% @ FLZZ MUMBER. IPE-CE-SBE -1TRX String

T T @ FLZZ DESCR 500-1 Transfarrner String

& LTRx @ EQUIP CLASS E-TRAMSF-CL String

000000000010047622 Power Transformer A @ EQUIP TYPE E-TRE-TEFE String

0000000000105 045816 Disconnect Switch Deluge Systern A @ MANUFACTLRER Srit String

000000000010504817 Disconnect Switch Deluge Systemn © @ SERIAL MUMBER 220826 String

000000000010504818 Disconnect Switch Deluge System B @ CONSTUCTION YEAR 2004 String

----- 000000000010504827 Disconnect Switch S00-1 230Ky Disc @ INSTALL DATE 7/20/2004 String

000000000010504828 Disconnect Switch S00-1 230Ky Grd @ SORT BY 1457 String

000000000010504850 Disconnect Switch S00-1 BS 1 @ AR o String

000000000010504851 Circuit Switcher @ REPL-COST 2 a0 String

----- 000000000010504852 Disconnect Switch Ground @ INST-COsT 0,70 String

000000000010504853 Disconnect Switch Auto Ground @ TRANS-COST 210 String

000000000010504320 Power Transformer B @: FC-SUM-20MIN-EMER  S&0.19 String

0000000000105049321 Power Transformer C @ FC-SLM-4HR-EMER 498,31 String

IPE-CE-SBE -1TRX -723% Transformer Differential Relays @ Fo-SlIM-24HR-EMER 461,10 String

IPE-CE-SBB -1TRX -7261 BKR Trip Checks & Megger @ Fo-SLIM-1WE-EMER 457,50 String

IPE-CE-SBB -1TRX -7303 Transf, Tertiary Relays - @ FC-SLIM-1MO-EMER 449,70 String

£30B51 @ FiZ-SUM-MiRMaL 401,20 String

£30BS2 Bf' SC-SUM-24HR-EMER 285,70 String

UM 230853 Ei' Fo-Exp-n 1.00 String

A 230B54 = B FC-HOT-SPOT-GRAD 21,80 String

ﬂ ThoneT | _>|J By Fo-Aava-COP-RISE 39,50 String
1 Objacts  Type: PIMadule  Aliases: 11 Properties: 53 Effective Date: 12/31/1969 T:00:01 PM Query Date: /472005 1:35:49 PM  Creator piadmin  ParentCount: 3

|€| Done I_ |_|_| d My Computer



Algorithms

) P1 Module Database Editor - Microsoft Internet Explorer

|J File Edit Yiew Favorites Tools  Help

CM Costs

Folder Items X| @& SubModules | & Pl Aliases B P Propetties |
% M_':'d"'le Databases 21 | aPIProperty Name  |value Datatype
B ninwkapses Bf' Multiplier 0.15 Double

2 P1 BatchDe @ Select sumlactual_cost) String
El- ! P1 MaduleDB @ hdw_crder String
M OS] @ Where equip_num={2E3Q M... String
El M CMMS @‘ Caze String
: El@ ’B‘GORITHMS B Tupe DB SOL Query String
| 4 CA BREAKER BY' Database =nints String
CA BREAKER - REPLACEMENT — @ Server njnwksgliz String
([ AT 26-765KY
[ oM costs
ZM Count
Cormpressor Motor Fun Tirne
Compressor Ol Addition Frequency
Compressor Oil Addition Quantity
Cructor
Faz Addition Quantity
Incorrect Cperations
Meagger
: - i Tirning ﬂ
0 Objects  Tepe: PIModule  Aliazes: 0 Properties: 2 Effective Date: 12/31/1969 T:00:01 PM Query Date: /472005 1:59:49 PM  Creator: pia| j

|@ Done

]

| j My Computer o




Score Generator

T Equipment Condition Assessment Module — II:II KI

Eilz Wwiew Records Help

] ez 212 =] 7

Peer Group Algorithm
BKR TEST Assign |G|::E= 26-B9KN - ACTION Assign .
Score |FLOC |E'E'! HName Description Serial Number
2.1 IFE-FA-SBHE -16FA ao0a00o0o0001 051869949 Oil Circuit B BER TEST/OOO0000000° 01 39A7ET3-20
RN PE-FA-SBE -2FB goooooooood 051 F030 Ol Circuit B BKRE TEST/O000000000° 01 29AFE327-20
0.9 IFE-FA-SBE -TFB aO0O0000001 0517027 Qil Circuit B BER TEST/OOOO0000000° K-656861 7 7-Lk:
0.9 IFE-FA-SHE -14FA aO0a0000001 051869498 Qil Circuit B BER TEST/OOOO000000° K-B5E6G1 ¥ 7-vwaT
0.9 IFE-FA-SBE -TFA aO0a00o00001 0517026 Qil Circuit B BER TEST/OOOO0000000° K-656861 7 7-Lk
0.9 IFE-FA-SBHE -6GFB ao0a0oooood1 0517024 Qi Circuit B BEER TEST/OOO00000000° 0141423231 495-20
0 IPE-PA-SWWI -41H 00000000001 06005538 Sas Circuit | BKR TEST/ 0000000000 BOO2910-11

Scores for Indrdadual Factors

Factor Raw Yalue Case | Muliplier Score| Error
54 ¥ 0.3 2.1

Dperations - 12m 5 o 0.35 ]

Dperations - 6m 4 a 0.25 ]

2varall Score 2.1

Ready 2320045 9:44 Ahd




Work Prioritization

£4 Microsoft Excel - MECHworkPrioritybyDiv.xls

_[&] x|
=] x|

Al - = ordefum
A ] [ E 5 H | b L Il My (I

1 arderhum workCenter | status el Type floc deszc voltage ca | criticality | daysLate |priority [eqRanking
2 |000M00193305 TPA-ME OPER  E-RECL IPE-P&-RECL-ZSHCP Pal. Reclozer Contraol Inspection 424 18
4 |0001 00307945 | CE-ME OPEM  E-BAT IPE-CE-GED -Cisihd-MEC Cen. Battery (Transm.Dept.) 1158
4 (0001 00255900 | PA-RME OPEM  E-BAT IPE-P&-hAL -COhd-MEC Pal. Battery (Dist.Dept.) 238
5 |000100270059 | CE-ME OPEM  E-RECL IPE-CE-RECL-MIMZ24F Cen. Reclozer Contral Inspection =228
B 000100294517 PA-MWE OPEM  E-BAT IPE-P&-SiH -COh-WEC Pal. Battery (Tranzm Dept ) -1E62 |8
¥ (000100283073 PA-ME OPEM  E-BAT IPE-P&-SER -M1 Pal. Battery (Transm Dept ) 12218
g (000100279368 PA-ME OPEM  E-BAT IPE-P&-SER -COb-MEC Pal. Battery (Transm Dept ) -100/8
9 (000100246521  MWE-ME OPEM  E-BATCHS IPE-ME-SRY -C0Oh-EC hlet. Battery Charger { Transm . Dept. 118 1 2500.00
10 (o001 00246822  ME-MWE OPEM  E-BATCHG IPE-ME-SKN -COM-MEC Wet. Battery Charger ( Transm Dept. 1181 250000
11 (000100246625 | PA-WE OPEM  E-BATCHG IPE-P&-fAL -COh-MEC Pal. Battery Charger [ Dist Dept ) 1301 250000
12 (000100168655  SO-ME OPER  E-BHR-GCB  IPE-ZO-SRF -41X Zo.3CH BHRE 500 Y 121 500.00 25 6.7 754 1 167500
13 | 000100256197 PA-ME OPEM  E-BHR-OCH  IPE-PA-SMA, -2PMW Pal.oizB BEE 135 KN (Transm. Dept.) 135.00 249 2.5 405 1 159500
14 |0001 00251300 ME-ME OPEM  E-BATCHS IPE-ME-SES -COM-WEC hlet. Battery Charger { Transm . Dept. 941 150000
15 |0001 00251301 | ME-ME OPEM  E-BATCHS IPE-ME-SES -COM-WEC hlet. Battery Charger { Transm . Dept. 941 150000
16 (000100255379 PA-ME OPEM  E-EMGER IPE-P&-Shkih -COhd-MEC Pal. Emerg. Gen. v drive (Trans Degpt ) 531 150000
17 (000100255375 PA-ME OPEM  E-EMGER IPE-P&-SiH -COh-WEC Pal. Emerg. Gen. v drive (Trans Degpt ) 531 150000
18 000100194085 | S0-ME OPER  E-TRF-URT IPE-Z0-CoL -URIT 3 Zo. Transf .-dky -BIHY [10vr] 25-4 4.1 34 457 |1 139400
19 | 0001001 88794 | S0-ME OPEM  E-TRF-TRF IPE-Z0-REY T3 Zo. Transf -4k 260 {10yt 25-4 3.46 34 4731 117640
20 000100193118 |SO-ME OPEM  E-TRF-TRF IPE-Z0-AU0 -T1 Za. Transf -4k - 260 {10y 25-4 5.05 3 431 1

271 (000100275945 | CE-MWE OPEM  E-BKR-ATB  IPE-CE-SBB -41H Cen. ATB BKR 138K 500N (Transm.Dept ) 23000 4 E.05 951

22 (000100220487 | PA-ME OPEM  E-BKR-GCB  IPE-FA-RFL -230B53-4 Pal ZCH BHR 138 KM (Transm. Dept ) 230.00 175 585 260 |1

23 (000100295359  ME-ME OPEM  E-TRF-TRF IPE-ME-GRE -T2 Met. Transf -4k -6k [Dist Dept ) 25-4 3.92 34 1021

24 000100015768 PA-ME OPEM  E-CHTSWWE IPE-PA-SHU -20H30 Pal.Circuit Swe -1 38R -500MN Transm Dept) 230,00 5.5 1744 1

25 000100255520 | PA-ME OPEM  E-TRF-TRF IPE-P&-hAY -T2 Pal. Transf.-135ky -500KY (Transm.Dept ) 230-13 4.44 4.4 21

26 | 000100027754 | CE-ME OPEM E-LTC IPE-CE-YFL -URITZ Cen. Load Tap Changers 1 %r. & 4 % 135 55 1536 1

27 (000100246700 | PA-WE OPEM  E-BHR-GCHB  IPE-PA-SW -1 20y Pal ZCH BHR 138 KM (Transm. Dept ) 345.00 1.85 52 121 1

28 (000100126105 PA-MWE OPEM  E-BKR-GCB  IPE-FA-SHE -90P Pal ZCH BHR 138 KM (Transm. Dept ) 133.00 a 565 1202 1

29 000100246374 | ME-ME OPEM  E-TRF-TRF IPE-ME-SAT -132-2 Met. Transf.-138ky -500KY (Transm.Dept.) 135-26-11 31 36 107 |1

30 | 000100255739 | PA-ME OPEM  E-TRF-TRF IPE-P&-MAY -T3 Pal. Transf.-138ky -500KY (Transm.Dept.) 230-13 4.4 4.2 231

41 |0001 00275945 |CE-ME OPEM E-BRRE-ATB  IPE-CE-ZBB -7T2H Cen. ATH BKR 135K -500WN (Transm.Dept.)  230.00 5.05 5.05 951

32 (000100195561 | CE-MWE OPEM E-BHR-GCB  IPE-CE-RAH -L1 Cen GCH BHR-4RW Ak (Dist Dept ) 26.00 ! 16 4533

33 (000100002459 | CE-MWE OPEM  E-BMR-GCB  IPE-CE-SLI -B6F Cen GCH BRR-4KMW -6AkY (Dizt Dept ) 26.00 4 46 1256 3

34 (000100252608 PA-ME OPER  E-BHR-OCB  IPE-PA-SMA, -3TR Pal.onzB BHE 135 KN (Transm. Dept.) 135.00 u] 5.4 405 |1

35 | 000100239563 | SO-ME OPEM  E-TRF-TRF IPE-Si0-CLM -T2 Zo. Transf -4k -69KY (Dist .Dept ) 25-4 312 34 1431

J6 |000100246400 | ME-ME OPEM  E-TRF-TRF IPE-ME-SAT -132-3 het. Transf.-1535ky -500KY (Transm.Dept.) 13535-26-11 292 36 107 1

a7 000100239477 | SO-ME OPEM  E-TRF-TRF IPE-Z0-BOR -T1 Za. Transf -4k -6k (Dist .Dept ) 25-4 5.05 34 136 1

38 (000100239574 SO-ME OPEM  E-TRF-TRF IPE-Z0-LIB -T2 So. Transf -4k -EIkY (Dizt Dept ) 26-4 3.08 34 1431

39 000100251 265  ME-MWE OPEM  E-BKR-GCB  IPE-ME-SES -20H Wet SCH BRR 138 KN (Transm. Dept.) 230.00 275 5.3 B3N

A0 000100251133 |CE-ME OPEM E-BHR-GCH  IPE-CE-SBB -92X Cen.zCH BHRE 138 KY (Transm. Dept.) S00.00 25 5.5 a7 1

41 |000100224948 | S0O-ME OPEM  E-BHR-GCH  IPE-SO0-3SA4, 2308 Zo3CH BHE 500 Y 12 S00.00 u] 7.25 2631

?D%j D&EE&ESE %E-ME OPEM  E-FHYD IPE-CE- - - i i i i . =73
|4 [4® [®™ CE-ME £ ME-ME & PA-ME 4 SO-ME 3 allData / i 4 |
Ready | [ [ [CAPS [MUM |




ACE

(Advanced Computing Engine)

e Groups equipment by aliases in Pl Module
e Apply set of equations to groups of equipment

e Generate email notifications or trigger for
transfer of measurement docs or creation of
notifications

e Event-based and periodic calculations

e Easi

y turn on or off equations for individual
oment

ass modules and over 6000 contexts

OSlsoft.
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Notification Calculations

e Hydran PPM Rate of Change

e Excessive LTC Operations

e Excessive Runtime Readings

e High Breaker Temperatures

e Breaker Filling Pressure

e High or Low Transformer Oil Levels

e Low Transformer Nitrogen Cylinder Pressure

e | ow Transformer Nitrogen Pressure



Interfacing with Data Sources

« SAP PM Module

o Lab Systems — DeltaX & Doble
 Breaker Diagnostic Data Web Pages
e Transmission SCADA

e Distribution SCADA

« MV-90 13kv Transformer Load Data
 SDC 4-26kv Metering

e Hydran Transformer PPM Monitoring
« SAP PM Measurement Documents

OSlsoft. VALUE NOW, VALUE OVER TIME



Configuration

SAP

The PI System

Asset Registry
Equipment Listing
Manufacturer
Model
Serial #

Ratings

Enterprise
License

OSlsoft.

Centralized Data
Repository

»| Oil and gas analysis

# operations

hrs of operation

Store all Asset Diagnostic
information

Analysis Engine

Analytical Capability
Condition Analysis
Counter Based Decsions

SAP

C6I

Reporting Tools

Datalink
Process Book

CBM Dashboard
using Rtwebparts &
Share Point

OSIsoft

Create work orders

Work Management

Create alerts (notifications)

Wireless Mobile
Dispatching System

Assign work directly to crew

RtWebParts
Drill down
capability

VALUE NOW, VALUE OVER TIME




CA Tangible Results

e 2003 Pre-emptive Intervention based on CMMS Oil Diagnostics
targeted 16 LTC’s (5 found to have contact problems indicating
high potential for major problem)

— Estimated Cost Saving ~ $300,000

 In 2004 at least 10 LTC’s were drained, maintained and refilled.
One of these LTC’s was caught before major damage occurred
to the LTC/transformer

* In 2004, 5 Transformers were also targeted and 2 were
identified to have major issues

— Estimated Cost Saving > $1.2M
e 2005 Cost Savings > $2M

OSlsoft. VALUE NOW, VALUE OVER TIME



Notification Tangible Results

 Problems discovered from CMMS Notifications
— Controls out of Calibration
— Leaky Blast Values
— Incorrect CMV Setting
— Defective Controls on older LTC
— Defective Counters
— Low Oil Levels
— Cylinder Leaks
— Hydran PPM

e 2003 Estimated Cost savings for 9 LTC’s and 2 GCB’s is
$264,600

e 2004 Estimated Cost saving for 5 Transformers is $800,000
005 Cost Savings > $1M

OSlsoft. VALUE NOW, VALUE OVER TIME



Conclusion: Proactive Approach
Enables:

5 (Million) .
7
. Savings
5 _
4 Expected
Failures
3 _
2 Corrective
1 Maintenance
O _

2002 2003 2004 2005 2006 2007 2008 2009 2010

I Years I




Conclusion: Proactive Approach
Enables:

Drive Actionable Results!

Savings are derived from:
Maintenance Plan Extensions 36 %
Condition Assessment Algorithms 26 %
Counter Based Notifications 39 %

OSlsoft. VALUE NOW, VALUE OVER TIME



il Home Documents and Lists Create Site Settings Help

© PSEG Equipment Dashboard Modify Shared Page
Equipment Age * DeltaX Information -
Age Details Location  Desig Serial Mum p{icy  Acetylene Ethane Ethylene Methane ‘water
39 = A0AMS  No, 1 TS RARG&I0Z 8403 4nz 4322 1702 54
O ADAMS  No, 1 RARGEIOZ - . - 1] 13 2 ] 11
Order Cost History - O A0AMS  No, 1 55 RARGG902 Cr | tl C a‘ | ty a 196 194 74 40
Details Total PM Cost  Total CM Cost  Total CM Count
o e D - Open Order Information S -
Details  Order Descr C O r e Status  Planned Cost
= 000100381836 Cen, Transf,-138ky -519 CPEN 1306.7
Equipment Nameplate -
Details  Mameplate Value Asset Load A
= CONSTUZ KW Details Floc Murnber Criticality MaxScore Ranking{%.)
o o IPE-CE-ADA -TL 5.85 8.2
Weekly Inspection Points A
A C t u aI Details Mame Units  Time Yalue
= GaS LEVEL pprm 97642006 3:00:00 PM MOT EXIST
L O ad i n g = HYDRAN PPM pprn 9/6/2006 3:00:00 PM MNOT EXIST
= MaX WINDING #1 TEMPERATURE Deg C 9/6/2006 3:00:00 PM &0
= = MITROGEM CYLINDER PRESSURE  PSI 9/8/2006 3:00:00 PM 1500
= = MITROGEM PRESSURE FSI 9/6/2006 3:00:00 PM 3.3
0= MODEL MUMBER URT No. 2 Transformer = 9730.00 ; B TANK OIL LEVEL 9/6/2006 3:00:00 FM 25C
O OPER-KY 230-13 Sl AL = TOP OIL TEMPERATLRE Deg € 9/6/2006 3:00:00 BM 60
= RATING 24000,00
3= SERIAL NUMBER RAREEI02 Other PI Data Points -
o Gonditionsssessmanticrace - Details  MName Units  Source  Time Yalue
= Details Peer Group  Algorithm Group Score maxScore Ranking(®e) e MWI0 KVAR (IH) KYAR  MWID  9/8/2006 11:45:00 PM 1010
" DAY TR _ 436 5.38 D= MO0 KVAR (OUT)  KYAR MW90  9/8/2006 11:45:00FM O
Leforpers Action 312 548 O MYI0 KW KW M0  9/8/2006 11:45:00 PM 20580
= M0 VOLTS VOLTS M0 9/8/2006 11:45:00 PM 120
= T1 BUS VOLT VOLTS Dag 9/13/2006 §:03:37 AM 1226214
= T1 MVA M4 DA 9/13/2006 §:03:33 AM -0,292965
0= T1 MVAR MWAR  DAQ 9/13/2006 §:02:33 &AM 0195312
= T1 MW P DA 9/13/2006 §:01:13 AM 15.23434
||
[P T T T [ (@ 7o orod cber p.




Drill down to details

© PSEG PI Point Details Modify Shared Page =
Archive Readings ~ Tag Properities -
Time Status  Walue Taghame Descriptor nits Source

11/23/2005 10;00:00 AM Good 28,0003 aDATRE.TOOL.M #1 TRF TOFP OIL TMP Ceg C Inspection

11,/30/2005 5:00:00 PM Good 30,0000

12/7/2005 12:00:00 PM Good 27.0004 )

12/13/2005 1:00:00 PM Good 24,0008 RtTimeRange =
12/28/2005 4:00:00 PM Good 39,9988 StartTime [11/17/2005 8:07:06 aM | (7] End Time Jars006 &:07:06 am 75 [&] [«] [»]

1/2/2006 11:00:00 AM Good S0.0000

1/10/2006 9:00:00 AM Good 49,9975 RtTrend -

1/25/2006 12:00:00 PM Good 49,9975

2712006 10:00:00 AM Good 46,9980

Z/7AE006 11:00:00 AM Good 44,9952

2/15/2006 11:00:00 AM Good 44 9952

27222006 3:00:00 PM Good 29,9988

3172006 10:00:00 AM Good 27,0004

3/8/2006 :00:00 AM Good 26,0005

37152006 4:00:00 PM Good 25,0006

342942006 9:00:00 AM Good 30,0000

4,/5/2006 4;00:00 PM Good 39,9988

4,/12/2006 12:00:00 PM Good 29,9988

441942006 10;00;00 AM Good 49,9975

4/26/2006 9:00:00 AM Good 52,9972

5/3/2006 1:00:00 PM Good 24,9904

5/17/2006 1:00:00 PM Good 54,9970

5/24/2006 11:00:00 AM Good 42,9984

5/30/2006 1:00:00 PM Good 51,9973

6/14/2006 12:00:00 PM Good 60,0025

6,/20/2006 1:;00:00 PM Good 51,9973

6/258/2006 2:00:00 AM Good E0.0025

74542006 12:00:00 PM Good S0,0001

7122006 10:00:00 AM Good 60,0025

77192006 3:00:00 AM Good 49,9975 111 7/2005 820708 AM 299 98 Day(s) 913/2006 B:07:08 AM

TAEE/2006 11;00;00 AM Good 54,9970

8/2/2006 8:00:00 AM Good g9.9988 Max Reading * Min Reading ~ Average Reading -
3/9/2006 3:00:00 AM Good E7.00z29 Time Max rm— Min - Average
8/16/2006 9:00:00 AM Good S 1027 g/2/2006 3:00:00 &AM 89,9938 12/13/2005 1:00:00 PM 24.00038 9/13/2006 3:07:06 AM 46,1394
g/22/2006 3:00:00 AM Good 56,0030

/30,2006 2:00:00 AM Good 49,0975

9/6/2006 3:00:00 PM Good 60,0000 Standard Deviation -

Time Standard Deviation

9/13/2006 5:07:06 AM 13,6737



Gas and Oil Results

Home Documents and Lists Create Site Settings Help
@ PSEG DeltaX Gas and Fluid History Modify Shared Page v
DeltaX MNameplate -
Location Designation Serial_Mum Equiprment Type Manufacturer Tear Model Rated Kw Rated Mua
ADABME Mo, 1 55 RARGEI0Z =5 1967 URT 3 Phase 230 40
ADAME Mo, 1 RARGGA0Z TRMN 1967 URT 3 phase 230 40
ADAMS Mo, 1 TS RARGAI0Z TS 1967 URT 3 phase 230 40
DeltaX Gas History -
=00 N |
/ Equiprment Type Sample Date Sampled By Reason Fluid Ternp (C) Equiprment Condtian Acetylens Ethane Ethylene Methane Water  Total Gas Carmment
S5 6/30/2006 12:00:00 AM STEWE DAROCI ROUTIME 55 < a 196 194 74 40 0.93 LT=55; R5=194%
TRMN 6/30/2006 12:00:00 AM STEWE DAROCI ROUTIME 55 1 a 13 2 =1 11 0.021 LT=55; R5=5.3%
TS 6/30/2006 12:00:00 AM STEWE DAROCI ROUTIME 55 < 5403 402 4322 170z 54 22,315 LT=55; R5=26.53%
S5 FA25/2005 12:00:00 AM STEWE DAROCI ROUTIME S0 < a 152 159 53 44 0.951 LT=50 ; R5=25.4%
TRM /2572005 12:00:00 AM STEWVE DARCCI ROUTIME S0 1 o] 15 3] T 1z 0,053 LT=50; RE=6.9%
TS /2572005 12:00:00 AM STEVE DARCCI ROUTIME 50 4 77T 330 3302 1456 53 20,455 LT=50 ; R5=30.6%
S5 97872004 12:00:00 AM STEWVE DARCCI ROUTIMNE 85 4 1] 173 173 B2 43 0,927 LT=85 ; R5=58.3%
TRM 9/8/2004 12:00:00 AM STEWVE DAROCI ROUTIME 50 1 1] 21 22 7 33 0.084 LT=50 ; R5=19.0%
TS 9/8/2004 12:00:00 AM STEWE DAROCI ROUTIME gz < GOSE 267 2575 1136 56 17.712 LT=582 ; R5=11.5%
S5 74172003 12:00:00 AM STEWE DAROCI ROUTIME 35 < a 174 152 [=E3 38 0.972 LT=35 : R5=37.8%
Showing 1 to 10 of 30
DeltaX Fluid Histary =
Serial Murmber Location Designation Equipment Type Sample Date Sampled By Reason Fluid Condition W ater
RARBEI0Z ADAMSE Mo, 1 S5 55 6/11/2002 12:00:00 AM KAHLER DIAGNOSTIC & 45
RARBEI0Z ADAME Mo, 1 TRN 6/11/2002 12:00:00 AM KAHLER & 34
RAREBEIOZ ADAMS Mo, 1 55 55 47841994 12:00:00 AM KAHLER DIAGNOSTIC Z
RAREGEI0Z ADAME Mo, 1 TRMN 47841994 12:00:00 AM KAHLER 1
RtTimeRange b5
Start Time [571a/1098 6/11:60 M (8] End Time [Gri5zo0e oratieo am [ [Aeely | [@] [«] [#]
Trend >
DaltaX Gas Tests Ethane
402
[}

@ Done

’_ ’_ ’_ I_ |_|Q Trusted sites



SDG&E
(San Diego Gas & Electric)
RtCBM Program

(Real-time Condition Based Maintenance)

OSlsoft. VALUE NOW, VALUE OVER TIME



SDG&E RtCBM Architecture

Microsoft SharePoint Server
RtWeb Parts

Y : \4

| EEEE R — User Interface
Maintenance PI Server . - B _S-F= and
Algorithms . — = =i = .
Email Alerts : -'_’: = | . Analysis Tools
|
Operations e REIBMONAI Databases
Pl Server ; .

Maintenance Dissolved

SCADA System Gas Analysis g | |Others
% WiMax/ Wired LAN Non-Scada (Non-Operations) Data
Connection On-line Monitors / IEDs
—< Real-time Equipment Data
“Temperature - Bushin
. . RS : g Hydrogen/Water
: “Winding, : Monitors <in Oil Monitor :_n'I('j(I:C';?grPosn on
16 Port Ethernet FJop o, Phase A, B & C :




RtCBM — Data Integration

 Weekly general inspections
— LTC operations
— Alarms, temperature, visual

 Monthly equipment inspections
— Operation counters
— Temperature, Pressure
— Voltage
— Functional check

e (General asset
— Rating
— Age, Type, Design
— Operating limits
e Qperational
— Relays & Digital fault recorders
— PQ Monitors

Specific equipment

— Operating conditions
— Stress factors

— Trouble history

— Maintenance data

— Oil test data

— Electrical test data

— Operating speed
Real-time

— Voltage & Current
— Temperature

— Bushing On-line Power
Factor

— Hydrogen in Oil
System & Engineering
Simulated

OSlsoft.

VALUE NOW, VALUE OVER TIME



Time-based to RtCBM
- Circult Breakers

Data Available

- Weekly safety inspections Maintenance Intervals Planned
« Monthly equipment insp.
e Asset Data | | | ApproaCh

Historical Data
— Operating conditions
— Stress factors
— Trouble
— Maintenance data
— Test data (insul & elec)
o Operational data
— Relays & Digital fault recorders
— PQ Monitors
 Real-time data
— Voltage & Current
— 12T and Contact Wear
Operations Counter

OSlsoft. VALUE NOW, VALUE OVER TIME



Circuit Breaker Operations

Concerns Substation Relays with
Proper fault clearin Circuit Breaker Monitor
per fautt eleating
« Fault testing with a circuit breaker

Solution
* Verify the health of CB

— Contact wear

— Insulation medium integrity
— Bushings and accessories 16 Ports Ethernet Gateway

— Operating history J’ «_On-line
e Use historical and real-time | Monitors

contact wear data (I°T) to make . ;
Ops. & Maintenance PI Server

2 decision _
Algorithms

OSlsoft. Email Alerts -

(a1 ™" 1™ WAV FARWLE WELILINT



Transformer at Emergency Rating

|ZEB n Er

L1 [ [ L]

Paper Insulation Health

POWER
TRANSFORMER

Location of Paper Sample

Degree of Polymerization (DP)

TRANSFORMER Health

Indices

 Insulation Power Factor

o LTC Application & Design

* Oil Conditions

 Bushing & Accessories

» Operating History &
Conditions

NLTC — Phase A 586

NLTC — Phase B 737

69kV Bushing C 688
New Insulation Paper: 1000 < DPv <1300
Middle Aged Insulation Paper: DPv =500
Old Age Insulation Paper: DPv < 251

everely Degraded Insulation Paper: DPv < 151

Bushing &
Accessories
20%

LTC Application
and design
analysis.
20%

History Data
Review (Qil
testing records,
maintenance

DGA, DP &
DOBLE TESTS
20% records,
overloading and
short circuit event)

) ’ 20%
Oil Analysis
20%




Transformer at Emergency Rating

File Edit Tools Options Help

i PTLOAD-Design - ...ion_ Assessmentieprisoff\El Cajon Bk33 64 mva.run

]

li - M:\Transformer_Condition_ AssessmentleprisoftAEl Cajon Bk33 64 mva.run

Arnbient
Cycle

Transfarmer | Cooling

Load
Cycle

Bubhles

Calc
Type

Results

EPRI PTLoad 6

A, OUTPUT SUMMARY

Iate of Calculation
Nukber Iterations
Limiting factor
Contingency Load [Amps)
Peak Load [(MVL)

Peak Load [(imps)

Peak Load (FU)

*% Warning:

Max Hot Spot (Deg C)

Max Top 01l (Deg )

Peak Age Accel Factor
curilative ¥ Loss of Life
Hax Bubble Risk (moHg)

g

2963 . 145
64

2963 . 145
2.285714

ratings in excess of 2.0 P.1.
hy IEEE guidelines and the results may be unrelisble.

131.64
106.189
5.1065
0.01401

-799.5175

05/12/2005 10:22:35 AM

Fixed upper limit

are not supported

s

Eubbles are not likely to form given the temperature and load profile

Comparison of hot spot rise over top oil
simulated versus actual

Top Oil

Hot Spot

LOL

IEEE
Ptload
Actual HS rise

OSlsoft.

105
105
106

176
145
131

149
.039
014

Temperature Profiles
El Cajon B33 64 myvarun

Tap ail

Ambient

BEE

05/12/2005 10:22:35 AT

Hat spot

Max =131.7

hlax=108.3 C

C

EPRI PTLoad 4

MVA Load Profile
El Cajon Bk33 64 mwva run

05/12/2005 10:22:35 &

H Load {rmwva)

Max load = G4 MWVA

[}

|
19
Time (Hours)

Decision: Based on Transformer Unit
Health and Real Time Tl

VALUE NOW, VALUE OVER TIME



Summary of RtCBM Benefits

 Operations Benefits
— Avoid potential equipment failure
— Increase asset availabilities
— Respond to equipment alarms according to priorities
— Maximize asset loading capabilities
 Maintenance Benefits
— Early warning and indication to address conditions
— Reduce overtime on reactive maintenance
— Minimize equipment outages

e Asset Planning Benefits

— Improve future equipment specification and application to
maximize utilization and performance.

OSlsoft. VALUE NOW, VALUE OVER TIME



More
customer
Testimonials/ROl
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Improve Control Room Operations

&l Graph - BAYN _PROC.IRON_BFA.CAST.GUDR_EGUMN.SWIM_CYL: Pl: Length-Cylinder Stroke vz Date

DO FASCO

Qur product is steel. Our strenath is people.
3

Savings:
~$1M/yr

s

* *

1330

The work initiated by Dofasco’s ICMS system, with
the help of the PI Interface, resulted in a complete
recovery of mudgun nozzle to tap hole fit, saving
the company $1 million per year, for every year the
furnace operates past an 8 year campaign. The
% poor fit between the mudgun nozzle to tap hole,
would not have been evident or remedied by the

operators, based on existing control room data.
OSisoft. VALUE NOW, VALUE OVER TIME

1320

Pl: Length-Cvlinder Stroke

1310

1300




Dofasco’s Change in Maintenance Culture
From 78% to 91% Equipment Availability

100 %

30% Proactive

% Total Maintenance

Maintenance
Hours

80%

Reactive
Maintenance

OSlsoft. VALUE NOW, VALUE OVER TIME



Dofasco-Canada, Reliability Manager

“In Blast Furnace #4, we have extended
the furnace campaign from 8 years to 15 Be2gagf
years, resulting in a savings of $1MM per ZZ @8
year, or $7 MM for 7 years. For Blast  Siks
Furnace #3 we have extended the
campaign from 8 years to 20 years, M=
resulting in a savings of $1MM per year,  v/|ad Djuric,
which results in a savings of $12MM for
12 years. The projected savings are $19
MM just for this case...”

Reliability Manager

Dofasco, Canada

VALUE NOW, VALUE OVER TIME



DONGBU STEEL

Reduce Costs and Improve Quality

ook — [CGL_kAIM FPDI [Read Onlyl]
=& x|

||=1 File Edit siew Tools window Haip
hs d= | (= s 2 g (= 2o e[| [2e|llx 2[00 7T & 7 e W 4 3252
CGL & A2 B Y 2 =™

== = [l mimin

2= == HEE memin =< == 0 lEE mmin
===0l1 Igas == ZHO A 1233
=r=dal 2 S2TEA =20 2 474
HEF N 0.977 = k- 12260
=N || 0.926 12206
SR S HI 0.a77 1219.0

SHIDE ZBE  LELETE SIS =3 2+

DEEHE =l HE=2E HE EH O E=30] HE==F HE= M &S5 H =
P3ID4922 TSN 12250 0927 4 823 43,520 12192.0 0,250 -2 (=] =10 Z10 = D 350 SECC

1000
(<l 03 = P 1 B | || | | |
o] 3 = jf‘éufjl‘é1 jrgz 3‘}%3 :‘r‘éil Z‘I‘ES JF‘ES E E._ E- e e e e e SHI0ES =LIRE Gl E85 sGLEssLE S
S0— 50 100 400 — 150 S0
o = [ | ﬂ 3— i-; L iI_L
[KM] o—L H | I | B B | | @ @ - @
EXE I B 9.8 1041 == 2 hs] [k 2.0 Ry 20.65 0.0
POR1T PORZ  MCC H= =1 S LTH cT 0= == TL CHRORM AT TR TRZ2
| — | AR

Readwy

Major Measuring Devices
* Thickness Gauge * Furnace Thermometers

* Zinc Coating Weight * Tension Meters
* Pin Hole Detector

OSlsoft. VALUE NOW, VALUE OVER TIME



OSlsoft Enabling
Technology
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Pl Working by Exceptlon

B8 bt o ey et 100

—— e e :
e T s
Lmsts Dot B Srrer—— P s -
; ™ — Himm e em o e —
- A — . D T T
TR e O e B et 0t Operation i -
. iverine TR3450 1 LTC2001

 Integrated Asset
Information
(RtWebParts)

R S— -

Alert Notlflcatlon = |
(P1 Notification
RtAlerts)

TransDistribuCo - Asset Maintenance Report

ing Period:  12/05/05 04:04 PM through 02/03/06 04:04 PM

2H2 coz CO
<1 3004 223
«1 4213 341

489 399 320 109 =
03/28/96 1256 1980 590 369 <1 g5z4 530
03/21/98 1390 2568 790 1150 <1 SO52 554 927 24651 £361 B
Assetw Good Attention ack Repair ack
TRE676 0.0% [ 1000% | oy —
sset INntTorma IOn TRS433 IR oo DI (S|
TRaoss [ RN
TR450 12 I cc
iz GO oo BT
Showing 1 to S of &

(MDB and AF) Asset Reliability

— (PI OLEDB and
Improve Reliability RtReports)
and Quality

Real-time Rule
Assessment
O| ACE)
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Summary

e Leveraging your investment and resources by

utilizing The Pl System to provide more value
to your organization

 Expanding the benefits from Operations to

Engineering, Planning, Protection, Maintenance
and Asset Management

THANK YQOU!!

OSlsoft. VALUE NOW, VALUE OVER TIME
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