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Introductioq: Eni — Global and Diversified

‘sv L}ﬂ‘\ . %’.‘*r(:

&, our Mission

o f,,-;rf )“/ . We are a major integrated energy company,
— 2l — committed to growth in the activities of finding,
M\H ]FG L “»ﬂw@ producing, transporting, transforming
; jﬂ and marketing oil and gas.
p Eni men and women have a passion for challenges,
/,MJ}{' continuous improvement, excellence
i A and particularly value people, the environment
Refining & | and integrity.
Marketing

7

L

Production 1.701 million boe/d

: Reserves 7.166 billion boe
() pivisions Employees 78,000
() controlled Companies Operating 85 Countries

OSlsoft. USERS CONFERENCE 2013 © Copyright 2013 OSlsoft, LLC. 3]




The Pl System in Italy — 5 Plants and Associated Fields

Fano
Gas Plant

Cervia-K
Gas Plant

Gagliano gt \ Crotone & Hera Lacinia
Gas Plant 1.0 Gas Plant
Planned Q4 2013

© Copyright 2013 OSlsoft, LLC.
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Business Challenge - The Val d’Agri Field

Trend 1 VdA
_Reservoir

Caldarosa
q Reservoir

OSlsoft. USERS CONFERENCE 2013

Field is operated by Eni Spa

Discovery well: MA1 in 1988
(Monte Alpi 1)

Early production phase started
in 1993 with MA2

A total of 33 producer wells
were drilled to date

— 30 of them are currently tied in

© Copyright 2013 OSlsoft, LLC.
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Business Challenge - Wells and Pipelines

CALVELLO

/l Wells (33)

Gaterhing Systems "5
& Pipelines

AGRI 1 CF 6/9

LAURENZANA

Volturino 1

MARSICOVETERE

CORI
PERTI

ME NW1/2/9

ME 1

IMPIANTO 1

PATERNO

VIGGIANO

MA 6/7/8

="COVA
COVA = QOil Center (“Centro Olio Val d’Agri”)
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Business Challenge - Val d’Agri — Facility

= The Oil Center in Viggiano (Val d’Agri)
has a target nominal capacity of 104 K
barrels/day

= In 2012, the overall oil production was
95 K barrel/day from 26 wells,
representing 30% of overall Eni’s in
Italy

OSlsoft. USERS CONFERENCE 2013 © Copyright 2013 OSlsoft, LLC. 7]



Business Challenge - Equipment

Main Characteristics of the Plant
4 Oil Trains (water, oil & gas separation, oil stabilization)
Gas Treatment (compression, dehydration, sweetening, advanced treatment of sulfur)
Power Generation and Utilities

Main rotating equipment
Power Generation: 3 Gas Turbines (fully instrumented)
= One spare Turbine is kept offline, on rotation

Compression Unit: 7 low pressure + 6 high pressure reciprocating compressors (not
comprehensively instrumented)
= One spare low P Compressor and one spare high P Compressor are kept offline, on rotation

N 4
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Main Challenges & Current Maintenance Process

Variable operating conditions

Slugs | Variety of issues
Progressive water cut increase Liquid carrvover
Modifications in the GOR Sgaling proyblems

Additional production due to tie in of new wells i )
Filter fouling

! ! Lubrication Problems

Other Oil & Gas

Processing Units Compression

Units
Qil Processing Plant /

Current Maintenance Process

Planned (Preventive) Maintenance at 2,000 4,000
8,000 16,000 running hours

Resident Maintenance Technicians allocated full time
for the most important equipment

OSlsoft. USERS CONFERENCE 2013  Cohtiaht 208 oSleott L 9]




The Predictive Monitoring Concept

Equipment Condition

100%

Y S—

60%

A

Predictive Monitoring

Events and minor damage

=N

a
\ g

40%

Machinery
protection Alarm

n-Based

Monitoring

20%

0%

Life

Early detection (from several
weeks to several months ahead
of failure) of equipment
problems

= More time to plan and react

Machinery A
protection Trip
FY Functional failure

OSlsoft. USERS CONFERENCE 2013 o) o 20 oSt e 10]



Predictive Monitoring Challenges

l“

Level of instrumentation of the
equipment is often non-optimal

Mathematical methods based on First Principle models
could be unable to perform due to the lack of key sensors

Availability of high fidelity historical
data was an issue

Often limited to few weeks

Complemented with offline measurements sampled
sporadically (vibrations, boroscope inspections, infrared
thermography, lube oil analysis, etc)

Data driven methods requiring a comprehensive set of
high fidelity historical data would not work

The implementation of the Pl System allowed to
overcome this problem

OSlsoft. USERS CONFERENCE 2013
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The Pl System in Italy — 5 Plants Instrumentation

Trecate

Fano
2 Turbo Compressors
Moore APACS DCS
450 tags

Cervia-K

2 Turbo Compressors

ABB Advant 500 DCS
IMS Stations

PALORETOES

Crotone & Hera Lacinia

2 Turbo Compressors
5 Reciprocating Compressors Palermo
8

RTAP Unix DCS § W
?”i} -t - L 3 g !

SDI eXPert SCADA
630 tags

" 4
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Overall Architecture — An Integration Infrastructure

ABB IMS Server :
CERVIA K
ABB IMS Advant SDI OPC

Pl Interface node

@

Pl Server

OPC Server
for Wonderware (DDE)
TRECATE Pl Interfac

efor OPC
3 Interface Server for RTAP
a CROTONE
T

OPC Server
for APACS
FANO

Pl Interface for OPC
Pl Interface for OPC

ABB 800xA Pl Interface for OPC #1

Aspect Server#1
COVA Pl Interface for OPC
RSLinx OPC Server
I > HIMA OPC Server
COvA
ABB 800xA OPC Server
Aspect Server#2 Pl Interface for OPC #2 P| Interface for OPC For Modbus
COvVA COVA

OSlsoft. USERS CONFERENCE 2013
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Perspective on the Pl System....

+ Power of Pl System infrastructure

* Flexibility and richness of connectors of the Pl System
— Even very old DCS systems (dating back to 1991) have been interfaced

1

© Copyright 2013 OSlsoft, LLC. Wil
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HQ Architecture - “_IV_I__ore Eyes on PI”

g

Pl Coresig

h\__Q__

e

2010

Pl AF DB Server
“PI AF 2010

SharePoint
2010

OSlsoft. USERS CONFERENCE 2013
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Two Roles of the Pl System

- Feed a specialized Predictive Analytics Package
(Smart Signal)

 Direct diagnosis tools when dealing with failures that
are rapidly developing on the equipment

— Cannot be detected by the predictive analytics package

— Can be investigated with Pl Process Book and PI Coresight

1

© Copyright 2013 OSlsoft, LLC. 161
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Feeding a specialized Predictive

Analytics Package — Operation Concept

Historical Data n

OSlsoft Pl System

The Model is built from the
Historical Data of the equipment

SmartSignal
Database &

Predictive Engm;

\

Reference Data

5665
5665
565 S
55 56

4

N

56555

e W

SmartSignal generates an
estimated value for each
modeled sensor

Similarity Based Modeling \

Model

%b % Estimates

%% % Residual /

—

OSlsoftt USERS CONFERENCE 2013 © Copyright 2013 OSlsoft, LLC. i}
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Feeding a specialized Predictive

Analytics Package — Operation Concept

Hierarchy Explorer
@ All
4 3 EnI

4 @ VALJ'AGRI

¥) Advisory View Advisories are generated, including

show: OO OO & Priority and Apparent Cause

Drag a column header here to group by that column \
#E M VB 4k BPriority VR v+& Component 74 & Advisory Message
17

(4] 4 ppfT— GG Exhaust Gas Path ~ Combustion Hot Spot
(4] S _ - GG Exhaust Gas Path  Combustion Hot Spot

O on watch

- VR

(INLET_GUIDE_VANE_POS) - *#45  4 i  COM.PAL.D.GUIDA, mA,

19.1

g 18.6

18.1

17.6

5/6/2012 Warning / Alarm Status 5/27/2012
(GG_EXHAUST_TEMP_02) - *#5 i s s w, TS Thermocoppie 2, degC, <Y

760
740
720
700

degC

5/6/2012

5/13/2012 5/27/2012

Estimated (green) and Actual Data (blue)

OSlsoft. USERS CONFERENCE 2013
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Predictive Monitoring Software: IT Architecture

Access of Smart Signal
analysts through

On premise installation of the software. Internet / VPN

Eni’s Headquarters in Milan \

High Fidelity / . \
Historical Data Smart Slgnal

7" O0Slsoft Pl Server2010

Database & Services
\ kCore Server Server
OSlsoft. USERS CONFERENCE 2013  Conutioht 2083 OSleoit e 19]




Direct Investigation for Rapidly Developing Events

- Development of a Pl AF hierarchy consistent “

with the Predictive Monitoring package o

* Development of Pl Process Book files linked to Pl AF

* PI Coresight linked to Pl AF

OSlsoft. USERS CONFERENCE 2013



Development of a Pl AF hierarchy Consistent
with the Predictive Monitoring package

Asset Blueprints Rules

Component Explorer
i L
GEN_H2

GEMN_ROTOR

GEMN_STATOR
GEMNERIC_EQUIPMENT_COMPONENT
GEMERIC_HX_PERFORMANCE

GG_ZE_IPT_EXHAUST GAS PATH >

GG_1R 1PT FUEL SYSTEM
GG_1R_1PT_LUBE_OIL_LOOP
GG_1R_1PT PERFORMANCE
GG_1R_1PT_TURBINE_COOLING
GG_2R_1PT CRITICAL SENSORS

Diagnostic Rules

Exhaust Thermocouple Problem

<__|: combustion Cold Spot >

Combustion Hot Spot

OSlsoft. USERS CONFERENCE 2013

Diagnostics Rules within Smart
Signal are targeting different
subsystems of the rotating
equipment
— e.g. the firing of the “Combustion Cold
Spot” Rule will open the graphs of the

“Combustion” 2“GG Exhaust Gas
Path” section of the Smart Signal GUI

1
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Development of a Pl AF hierarchy consistent
with the Predictive Monitoring package

) On Watch

Lg ﬂ GT V470-MT-001B GEN
+ 6T VA70-MI001C ]
4 & Models on
b @ performance
b @) Control System

4 (@ Combustion

v

J210|dhq Ayaselaiy

@ Potenza Effettiva (kw)
@ COM.PAL.D.GUIDA
@ T1(Tambiente)
@ 75 Thermocoppie 1
@ T5 Thermocoppie 2
@ 75 Thermocoppie 2
@ 75 Thermocoppie 4
@ 75 Thermocoppie 5
@ 75 Thermocoppie 6
@ 75 Thermocoppie 7
@ 75 Thermocoppie 8
@ T5 Thermocoppie 9
@ T5 Thermocoppie 10
@ 75 Thermocoppie 11
@ 75 Thermocoppie 12
@ MediaT5 (17 T nel bruciatore)
@ Absolute difference between max and min Exhaust
@ 1when in gas mode, 0 when in liguid mode
@ COMDO.COMB.GAS
@ PRESS.GAS.SERVO
@ T5 Thermocoppie 15
@ 715 Thermocoppie 16
@ 715 Thermocoppie 17
4 (@ Gas Generator Mechanical
@ NGP (giri) %
@ Potenza Effettiva (kW)

Subsystems and their attri

butes within Smart Signal

1a101d:q dnoio ey | 1a10jda weys

1a10)dbg ayejdway

4 £¥GT V470-MT-001C
© @ Diagnostic Advisories
@ Non-Modeled

> @ on Monitor

© @) Models On > Performance

i (@) Models On > Control System

4 (@) Models On > Combustion

b @ Model Supporting

4§ combustion Diagnostics
@ 15 Thermocoppie 15

GG Exhaust Gas Path
@ 15 Thermocogs
T5 Thermocoppie 2

@ 15 Thermocoppie 3

@ 15 Thermocoppie 4

@ 15 Thermocoppie 5

@ 15 Thermocoppie 6

@ 15 Thermocoppie 7

@ 15 Thermocoppie 8

@ 15 Thermocoppie 9

@ 15 Thermocoppie 10

@ 15 Thermocoppie 11

@ 15 Thermocoppie 12

@ Absolute difference between max a:
©» @) Models On > Gas Generator Mechanical
& (@) Models On > Power Turbine Mechanical

O 1Month ) Custom

——

degC

7/10/2013 7/11/2013 7/12/2013 7/13f2013

7/14j2013

7/15/2013 7/16/2013 7f17/2013 7/18/2013 7/19/2013 7/20/2013 772172013 7/22/2013

T5 Thermocoppie 9

(6G_EXHAUST_TEMP_09) - COVA.ABB.¥470-A035-C.pv, T5 Thermocoppie 9, degt,

7/23f2013

700—|

degC

s90—|

(GG_EXHAUST_TEMP_08) - COVA.ABB.¥470-A010-C.p, T5 Therm ocoppie 8, degt,

7f10/2013 7/11/2013 7/12/2013 7/13/2013

7/14j2013

7/15/2013 7/16/2013 7f17/2013 7/18/2013 7/13/2013 7/20/2013 /2172013 7/22/2013

7/23/2013

720
725—|
720—|
715—|

degC

(GG_EXHAUST_TEI

7/10/2013 7/11/2013 7/12/2013 7/13/2013

MP_07) - COVA.ABB ¥470-A009-C.pv, T5 Thermocoppie 7, degf,

7/14/2013

7/15/2013 7/16/2013 7/17/2013 7/18/2013 7/19/2013 7/20/2013 721j2013 7/22]2013

TS Thermocoppie 7

72372013

765—|

750—|

degC

75—

OSlsoft. USERS CONFERENCE 2013

© Copyright 2013 OSlsoft, LLC.

22‘



Development of a Pl AF hierarchy consistent with the
Predictive Monitoring package

N¥S0Z3W\PredictiveMonitoringDB - PI System Explorer

Fle Edt Yew Go Tods Help

TR Database [¥]GueryDate - (B (D Back (0 [B, checkn %3 o [£]Refresh | (3 New Element = = Hew At

¢ '] COVA Menitoring

Elements
B @ GT V470 T 0014
& GTVAZOMT 0014 Combustion :
- & GT Y470 MT 0014 Gas Gensrator Mechanical [ e
& GTVA70MT 0014 Pavver T urbine Mechanizal
- GTVAT0MT.00 A Contrcl System
& GTVA70MT-001A-Perfomance <7 COM.PALD.GUIDA TURBINES
B @ GTV4T0MT 0018

General | Chid Elements  Atlibutes |Ports | v

Mame e

<F COMDO.COMEGAS -
- & GTV470MT D01B-Cambustion ﬁ ac ca
@ GT V470 MT 001E-Contial System & Media TS (17 T nel rucistore) el GEIS Generﬂtﬂr H hﬂ ni I
- @ GT V470 MT 001B-Gas Generator Mecharical WGP [El\,g
@ GTV470MT 001B-Perfarmance i -— pErf“rma "CE
2 Zuhine Mechanical @ NFT

GT \M?D MT 001C

e = Cﬂntrﬂl System

Fa
=)

~ 7 PRESS 545 SERVD e p rbine Mechanical
G GTVAOMT 001C-Gas Generator Mechanical FT
- (3 GTV4TOMT 001 C-Ferformance
- (G GT V470 MT 001C-Power Tutbine Mecharical <7 T5 Themocoppis 1

<% T5 Themacappie 2
¥ T5 Themacappie 3
& T8 Themacappie 4
&7 T8 Thermacoppie §
< T5 Thermocoppie B
<7 T5 Thermocappie 7
¢¥ T5 Thermocoppie 8
Same Subsystems || s
&7 T5 Themacappie 10
¥ T5 Thermacappie 11

M / % 15 Themacappie 12

Same Attrl buteS &7 T8 Thermacoppie 15
<7 T5 Thermoconpie 16
<7 T5 Thermoconpie 17
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Analysis in Pl ProcessBook

Lmked to Pl AF through Element Relative displays

+ E.T5 Thermoco| ppie 17
728 89

SR |, Y i A PO

75
09/07/2013 11.03.00,675 ¥, =, 14,00 days A» 23/07/2013 11.03.00,675
T5-16 «

OE.T5 Thermocoppie 6
112,22

;ﬂ.::{.i:ﬂ'm‘il"ﬂﬂ]\l\ II“M’" w “l‘ m‘wl MM“W“”” 1 \”|‘II ll| MWIIJ M‘M ‘M,lwnliﬂ ||| Mﬁ ”H\H HVWMI" Ih|*'% y|||, l“"l”f mme\‘!|\“w‘u|l|r|~f”l ]“nﬂnr W '\ ‘lll “Hh
W |w | il

| Ww Sl M.w M‘ ™
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Analysis in Pl Coresight

File Moedifica Visualizza Preferiti  Strumenti 7

@picoresan” |4 ||
New Undo Redo Messages

Home P PredictiveMonitoringDE p GT V470 MT 001C  p

MewDisplay? W

V470 MT 001C-Combustion

GT V470 MT 001C-Combustion|T5 Thermocoppie 15 | ©  GT V470 MT 001C-Combustion|T5 Thermocoppie 16 | #  GT\
735,00 © 768,33 < TR

PP Q

GT V470 MT 001C-Combustion >
» @ GT V470 MT 001C-Control System
» @ GT V470 MT 001C-Gas Generator Mechanical
» @ GT V470 MT 001C-Performance
» @ GT V470 MT 001C-Power Turbine Mechanical

& T5 Thermocoppie &

ﬁ 15 Thermocoiiie 7 .

Related Assets/Events (3/0)

Cart @

Drag symbols here for later use
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Predictive Monitoring Results

Monitoring Metrics since 10/24/2011

Full Service Renewal 9/24/2012
Date

Total Reports 49

Total Actionable Reports 16

Category of Actionable Reports

M Equipment

B Performance

B Instrumentation
B Other

Approximately 1 new notification every week (on average)
One out of 3 notifications has been actionable: the site has taken

action to fix or mitigate the root cause of the problem
A variety of equipment problems has been detected

OSlsoftt USERS CONFERENCE 2013 © Copyright 2013 OSlsoft, LLC. 4
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Successful Catch:

Broken Compressor Discharge Valve

Date of Notification: Oct 7, 2011
Equipment: [... omissis ...]
Type: Equipment/Mechanical

Description: We have seen an increase in the discharge
temperature from 142 to 153 C.

Resolution: Action was taken during shutdown and a
broken valve was replaced.

Insight: Discharge Temperature helps detect valve
issues. Individual temperatures at each cylinder can help
further localize the bad valve.

OSlsoft. USERS CONFERENCE 2013

PARENT_TAG_1
[PARENT_TAG_1] COVAABE ity - Assorbimento (A) (Amps)

R4
A
g 304 ’
n“- ﬁm
v |‘
%4 |ﬂ cI »
101372011 1200:00 2M 10/322011 12:00:00 P 10472011 12.00.00 AN 101472011 12:0000 PM

EQUIPMENT _COMPONENT 1 OUTPUT 5
[EQUIPMENT_COMPONENT_1_OUTPUT_5] COVA ABBW# s T mand dlindro 1 (degC)

150 4
o 10 =Y ! \
‘S
504
G M »
10772011 12.0000 AM 1032011 12.0000 PM 10472011 120000 AM 101472011 12,0000 PM

EQUIPMENT_COMPONENT _1_OUTPUT_ &
[EQUIPMENT_COMPONENT_1_OUTPUT_6] COVA ABB " S8 - T mand cilindro 2 (degC)

174

74
= I Dl
107372011 12.00:00 P 10472011 12.00.00 AN 10472011 12:0000 PM
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Successful Catch:

Lubrication Problem and prevention of potential wear

Date of Notification: Jul 12, 2012
Equipment: [... omissis ...]
Type: Equipment/Electrical

Description: The temperature of bearings 1 and 2 has
been increasing up to ~69 C with model prediction at ~58
C.

Resolution: An electrical problem had shut down a
cooling fan at the lube oil cooler. Connection was
repaired.

Insight: Early detection of problem prevents unnecessary
wear on the equipment.

OSlsoft. USERS CONFERENCE 2013

1404
%0
g wl

(PARENT_TAG_1)-COVAABB s A (A). Amps.
Bt et ey e e
7572012 012 mny12 n2012 n12012

(EQUIPMENT_COMPONENT_4_OUTPUT_J)-

800+

T cuscinetio banco 1, degC.

700
o 600
% w0

400

e 752012 7872012

(EQUIPMENT_COMPONENT_4_{

m S
00
% 600
= 500
400
300

752012 7802012

(EQUIPMENT_COMPONENT_4_OUTPUT|3)-

€00

800
§ 00
200

00

752002 71972012
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Understand of the dynamics of the failure and help
prevent the occurrence of similar cases in the future

Trip of Gas Turbines causing a partial controlled

wwskcurmr i " g
ol \ shutdown of the plant.
. [} 1
““TWO‘\’\:—_‘—) 1 Fuel Gas Flow Rate
- — 1 | — 2
3500 * anne
R_OUTLET_PRESS_MTL_S%() barg, : e /.\ SM.S‘H
12500 / \
\
|
|
|
fﬂc:ggfzfﬂl 13.00.00 20,00 minutes 28/09/2012 13.20.00
Fuel Gas Pressure
275 € T A A
| BARG
Deeper /\
Analysis l. |
Of 55 / \ //
Data = / \/

FUEL_FLOW _SEL _¢ 52 SM3/H,
3,060 g /
L 2450 1 24
E 2,350~ ' 28/09/2012 13.00.00 20,00 minutes 28/09/2012 13.20.00
2450 Tl \V J >
9282012 12 3 250000 M1

Sudden increase in fuel gas due to
Failure Occurring without early warnings sudden increase in the P a_md incorrect behavior of the
regulation valve

© Copyright 2013 OSlsoft, LLC.
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Benefits <

- The following benefits were achieved:
— Prevented damage on electrical motor windings on 3 compressors - 150 K euro

«  The following benefits are expected:
— Increased production due to reduction of unexpected equipment downtime with

consequent unplanned production losses

* The future prevention of a case like the shutdown of the Gas Turbines would avoid a
15,000 barrel of lost production

— Reduced operating expenditure due to unscheduled downtime and minimized
equipment damage
+ 1.1% - 2.4% increase the availability of the equipment

— Optimization of maintenance operation
+ Expected saving in the range 250 — 400 K euro per year

"4

30
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Future Plans and Next Steps

» Other assets are being integrated (Nigeria, Alaska,
Congo, Pakistan)
— Pl Web Parts, PI AF

* Centre of Excellence on ESP Pumps Worldwide
— Pl Web Parts, PI AF, Pl Coresight, mobile devices

1

© Copyright 2013 OSlsoft, LLC. )
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Summary

The implementation of the Pl System

allowed to support Predictive Diagnostics of

rotating equipment across a number of

assets in Italy ﬁ@a

Business Challenge Solution

. Diverse instrumentation and control Pl System — integration infrastructure

environment . Retention of high fidelity historical

. Lack of high fidelity historical data data

. Rotating Equipment is subject to a . Integration and alignment of asset
variety of issues due to the variable hierarchy with predictive monitoring
operating conditions of an Oil & package
Gas plant

. Use of Pl System analytics,
. Need for proactive analytics notification & visualization capabilities

OSlsoft. USERS CONFERENCE 2013

Results and Benefits

Better visibility on the activities
of OEM technicians in the plant

16+ actionable diagnostics with
avoided equipment damage

Increased overall equipment
availability

Reduced maintenance costs

Culture of continuous
improvement

" 4
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Conclusions

- The Pl System allowed to effectively introduce the
Predictive Monitoring concept across several Oll &
Gas plants within Eni
— Flexibility to cope with very old DCS ad SCADA systems

— Capabillity to feed data to specialized Predictive Analytics
packages

— Richness of graphical tools to perform direct analysis of
data (Pl Process Book, Pl Coresight)

1
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Cristina Bottani
cristina.bottani@eni.com

Technical leader TS Services for Operations
eni e&p

Marco Piantanida
marco.piantanida@eni.com

Technical leader TS Services for Development
eni e&p
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Please don’t forget to......

Complete the Online Survey Share what you saw with
for this session friends on Twitter, Facebook
or Linkedin!

#UC2013

Eventmobi.com/emeaucl3

A
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