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Project Scope

Build integrated production system models fed by
real-time data and able to:
« represent field operating conditions
 monitor & optimize asset performances

e-rabbit |n=

7 oslsoft
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Project Scope — Main Continuous and Real-time Features
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&

Integrated Production Optimization

Primary objectives are:

Maximise asset value defining best configuration
and optimising operating parameters

Identify residual potential and bottlenecks
Minimise intervention time and costs
Minimise/avoid shutdowns

Minimise structural interventions

Focus on Production Facilities: from wells to
sales point:

Reservoir
Gathering Network
Wells

Treatment Plant

0Slsoft
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Integrated Production Optimization — e-rabbit

Optimum Identification

S

e-rabbit is the in-house developed optimization tool for a multi-
objective fitness function: L

Equity production from wells to stock tank and Operating conditions; }(
I’
& o

Consumptions, emissions, energy efficiency and operating costs;

Genetic
mutation

risked
algorithms for
biogenetical
balance
integration
tool

Complex Function

Global maximum identified through the use of an evolutionary algorithm

0Slsoft.
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I AR SRR SSSN
Integrated Production Optimization — e-rabbit genetic evolution

Method for solving optimization problems that is based on
natural selection: the process that drives biological evolution.

Individuals from the current population are used to
produce children for the next one:

Elite children Crossover children Mutation children
o — A i - —
-

; Over successive generations, the population "evolves"
0Slsoft . .
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Integrated Production Optimization — Algorithm

e-rabbit: overcoming relative maximum

Absolute maximum

%Genetic mutation Eﬁ

97% of probability success to
achieve global maximum

0Slsoft.

PIWorld san rrancisco 2019

e-rabbit: operating variable example

Pump speed [rpm]

 Eo—

T

Separator P [bar]

Choke opening [/64”]

Stabilizer bottom T [°C]
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Integrated Production Optimization — Standard Workflow

0Slsoft.
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Field Calibration —
Application and Run ———
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Integrated Production Optimization — Field Data

Data Gathering from BU:
Activity on demand. Discontinuous data
availability

Site survey:

Necessary information is collected through
dedicated visits to the plant and meetings
with the operator

==
Real time monitoring - Digital Oil Field
Field data are available to the HQ in real

time, through PI

Potential to extend the study to available
historical data, identifying trends and
recurring events, trough Pl AF

%Isoﬂ :
PIVWOrld san Francisco 2019 #PIWorld ~ ©2019 OSlsoft, LLC 11




I AR SRR SSSN
Integrated Production Optimization — Simulations models

I Integrated simulation
Wells/Network simulation I Process simulation

Reservoir Treatment
Wells Plant

e-rabbit

o

Tools: GAP, OLGA, Tools: Hysys (Dynamics)

Eclipse Gathering Network Treatment plant
Wells and Flowlines " ) ) configuration
configuration Able to capture interaction

Equipment optimal

phenomena among all the
parameters

Flow assurance asset elements

0Slsoft.
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Integrated Production Optimization — e-rabbit historical development

s . . Pipeline switch &
Fluid-Dynamic WHC: Arlel swing-wells Multi-objective Target Function
Approach Integration control
=
TR a==s
(= p— e — R
= N Rabbit Enterprise
' On-line Portal
— 2015
Rabbit Uncertainty Rabbit Parallel Simulation Gas lift
Definition Management
201 1 RABBIT Serial RABBIT Parallel (4 nodes)
M\&‘ Input data affected by €0CDEDEHED %%%%%
hIL uncertainties £RE0E0EDED
1/1\ €0€0CHEHED
- e
LT~ g
i S S— (BB A
? b B€0EHEH
55 Simulation time: 9,8 h
v - Simulation time: 34,4 h Time reduction: -71%
! OSlsoft.
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Integrated Production Optimization — e-rabbit historical development

On-line models & Gas/Water injection /l Rabbit Dynamic Exploration of new

Scheduled Simulation / Optimization Algorithms \
4 uction A
a4\ T Qs ®

® . ad . .

N /n 1 ° s
[ o o . s

s o .

R
)

WO

Reservoir integration Auto-Calibration of model Speed-up with proxy
/ with real-time data \ / models
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Pl Connection — eDOF edof

" eni ‘
digital
oilfield

Mature technology adopted by O&G Industry various names: Smart Fields®, Field of the
Future®, i-Field®, Intelligent Field or Integrated Operations;

Based on high frequency data acquired automatically in real time, integrated with lower
frequency data (daily, monthly...), results of modelling and simulation and manually
collected data to support better decision making processes;

Eni standard configuration is named eDOF:

» based on configuration of state-of-the art
off-the-shelf components

 design, implementation and deployment
activities are performed by Eni people, both
from IT and business disciplines,
incorporating Eni Intellectual Property.

« eDOF is actually acquiring/calculating
350*108 values every day, with an average
frequency of 20 sec.

) oslsoit
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Pl Connection — Standard eDOF infrastructure

[ Site

DCS with OPC Server

0Slsoft.

PI World san erancisco 2019

Sites and BU offices

Monitoring and
Reporting

Green Data Center \

— \

eni i
digital ‘

amm— e

i Monitoring Room

digital
ERRRN Gifield

P |

Data from the
asset are
historicized at HQ
Green Data Center

Development of
the system from
HQ in tight
collaboration with
BU engineers

Full support from
Eni HQ

#PIWorld  ©2019 OSisoft, LLC 17



Pl Connection — eDOF R .

| oilfield

e Facilitate Facilitate
Remote HMI KPI - e}é for Mobile Email Individual Data export to
Display Dashboards Pag Dashboard Notification Analysis in other O&G

each FFU and
well/field Excel Tools

ad

@@ 000

0Slsoft.
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Pl Connection — KPIs

l DATA
INFRASTRUCTURE

More than 5’000 raw data
per asset per second stored
in different TAGs

* Pressure
* Temp.

* Level

* Flowrate

7 0Slsoft

Pl\World san FRANCISCO 2019

KPI DEFINITION

Raw data are elaborated in
KPI through application of
international standard

 API

« GPSA

* Best practice
e Standards

pv?

pv?2 specific

KPlLipration =

KPI MONITORING

KPI Implementation and

Monitoring

(around 100 KPI per asset)

#PIWorld

©2019 OSilsoft, LLC
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Pl Connection — KPIs top/down logic

. Overall asset monitoring
KPI @ ASSELV— . EC)“ n(.e)nce O O

Fast identification of deviation from
normal operation/design

Notification/alert to dedicated person
with suggestion to address the issue

User defined dashboard
: Fast troubleshooting

oooooo

. . Plant level Plant KPI
Focus on monitoring the
entire asset or the digital twin § _ . .
nit leve Unit A KPI Unit B KPI Unit C KPI

KPI system with Top-Down —
logic (from asset to single Equipment level KPI 1 KPI 2 KPI 3
equipment)

éz Variable level Variable x Variable y Variable z

8

7 oSisoft
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Pl Connection — Architecture General Overview

Real-time based application

I past y ot of Node 1
anual input o
eDOF : process data A g g
o X E > Optimization Model files Node 2
@ : Algorithm - > g §
| .
P| I Solver Node N Model files
l i ) -
Data feeding online = =
: and in real-time Model files

The new solution ensures data feeding in real-time and lets to use Rabbit
for on-line monitoring and optimization via a user-friendly dashboard

- 0Slsoft
PI World san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC
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Pl Connection — eDOF to e-rabbit Optimization mode

|
Before : Node 1 1
! Manual input A - = !
X H > = = I
' Optimization Model files Node 2 | |
| _ |
@ | Algorithm - > s g | :
< B , |
l Pull mode > Solver Node N Model files 1
Pl ' Online data feeding - = l :
' User Friendly namin - = >
Now | y g Model files ||
' |

Preprocessed values

New real-time connection from eDOF to Rabbit

Enabler for Rabbit on-line Optimization and Monitoring

! 0Slsoft.
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Pl Connection — eDOF to e-rabbit Monitoring mode

Before

Manual Input: A

NOT usable for automatic execution

|
1
I I
I I
I
Monitoring Nosell : |
Runs < - S S !
\ Periodic Automatic Model fiog | 1|
Pull mode Execution OO ES T :
Pl Online data feeding '
Now User Friendly naming : :
|

Preprocessed values

New real-time connection from eDOF to Rabbit

Enabler for Rabbit on-line Optimization and Monitoring

! 0Slsoft.
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Pl Connection — User Friendly Naming for e-Rabbit

Tags
881_MFPM_101_FO 031

881_U12_105 DPA 031
881 _U12 114 CVP

! 0Slsoft.

PIWorld san rrancisco 2019

4 eDOF (PI) N

—

\_ /

Organized by
Country & Site

AF Elements

well01.0ilFlowRate
well05.FLP
wellE2.CvEqOp

Preprocessed Values

-

.

~

e-rabbit

Node 1

- E

= =

- =
Optimization Model files 1EEE 2
Algorithm - s -
Solver 5 §
Node N Model files

- E

—

- =

Model files

/

Physical Variables

Well 01 Oil Flow Rate
Well 05 Flow Line Pressure
Well E2 Choke Equivalent Opening

#PIWorld  ©2019 OSisoft, LLC 25
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Pl Connection — Preprocessing for e-Rabbit

Raw Value

Checking for:
« Bad Value
» Spikes (low and high limits)

 Stales (standard deviation)
* Minimum Good Values (percentage)

Pl AF Analyses
Periodic execution (5m) Filtered Value and Status Value

As configured:
* Noise reduction (moving average)

» UoM conversion
» Value Mapping (linear interpolation)

toRabbit Value

0Slsoft.
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Pl Connection — Central Architecture

« High Availability Architecture
centred on a couple of servers for each of the 4 main components

v 2 servers for Pl Data Archive (PI Collective)
v 2 servers for Pl Asset Framework (load balanced)
v 2 servers for PI Vision (load balanced)
v 2 servers for MS SQL (Always-On)

» Hosted inside Eni GDC (Green Data Center) in Northern Italy
> 2 completely separated and independent buildings
> 3 Data Rooms for each Building

* For each HA couple, the servers are located in a different GDC buildings

More details in Gothenburg
Pl World EMEA...?!

PI World san erancisco 2019 #PIWorld  ©2019 OSlsoft, LLC 27
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Field Application — Operating Advantages of Near Online Models

Integrated asset optimization ey On-Line
Availability of simulation model up esloweut  Simulation
to date: - * &

. |_ k f real tlme data to * Deviation from expected_ =

INK O performance (Gap Analysis 9 @
simulation models actual/ideal)
o * Potential optimization Lﬂogsofn

« Data reconciliation ‘
Scheduling of Network and process Y Olga
simulation ,' . @ Aspen OnLine™
Identify deviation from expected
behavior

Aspen HYSYS™

@osi.

(L

0Slsoft.
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Field Application — Simulation Set up

Search this site p|

Rabbit Simulation Details

Define Simulation S|mUIat|0n Setup

Setting Parameters-

Ceneral
Simulation Name Optimization Environment Run Type
@ Single Solve

20190328 _00199_Ang_EHB_SIN_RealTime Asset ChO|Ce ® CAP+Hysys
(O Hysys () Optimization

Country Business Unit Asset () Montecarlo
Angola v Eni Angola v East Hub r Initial Conditions
() From Setting
Pro File Path -
cess e (0 From Previous Single Sclve

(0) From Previous Optimization

| [Scegiitie | ucpated020120. bit_8_ma hsc |
() From Optimal Individual

Gap File Path @ From Real Time Data

| [Scegiifie | EH_07032019_MCV2_BKUP gar | M Od el n p ut

User Ni
Notes ;
0Slsoft.
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Field Application — Mapping of AF elements with GAP input

B Py B Rt B Fx B Reb | £y Proc | Dov | 4B Fast |B® Reg | BE Togl | Heli [N By | @ Ban | @ Ban [@ cutt [[H 60 @ PV @ PV @ PV | + = X
CSE-102_FWHP =
&« C @ MNonsicuro | etop.eni.com/dep/rabbit/Pages/RabbitSimulationDetails.aspx?Simulationld=f95cf52-a¢ CSE-102_PCV_OP 03 ¥ o [rae} ° :
CSE-102_Qgas_MPFM
25 oApp [} Home-LBIA [ myeni ® pas & e-fastl0 | TSPortal e Yahoo ProDoc  [§ STD [§ IHS CSE-102_Qoil_MPEM # Foto- Foto Google [Y Dana [@ Rabbit »
: CSE-102_Quat_MPFM —
e s -
rabbit CSE-102_t0 PRI lontini Marco a
CSE-102_to_PR1 1 - .
- SHARE FOLLOW -
CSE-103_FLP ) W
PresOut CSET045 well 77.589 CSE-103_FWHP 76.902 BARg |:| -
PresOut CSET02 well 55.386 CSE-103.PCv.oP 65.747 BARg |:|
CSE-103_Qgas_MPFM
PresOut csero1 well 77.559 CSE-103_Qoil_MPFM 76.47 BARg |:|
PresO CsE302 Well 55.569 CAE-103Quat MPFM 35.86 BAR:
restut € : CSE-103_t0_PR10 - < l:l
Quil FPSO_Riser 1_11 | Separator 32405.871 | CSE-103_to_PR11 32575.477 | STB/day |:|
il FPSO_Riser 2.10 | S 34858614 | o ORI 34519.371 | STB/d
g S A eparatar : CSE-104_FWHP : i l:l
Qail CSE103 Well 16562 857 CSE-104_PCV_OP 16640527 | STB/day
; CSE-104_Qgas_MPFM
Qil CSE301 Well 13692294 sy | 13040711 | STB/day
Qil CSET045 well 10079.962 | CSE-104_Qoil MPFM v | 10379.472 STE/day l:l
Qil CSE102 Well 12732765 | CSE-102_Qoil MPFM v | 12205943 STB/day |:|
11086.1 CSE-101_Qoil MPFM v | 11100418 STB/day |:|
7 - . -2
@ Run simulation | @ Schedule 3100802 CSE-302_Qoil MPEM v | 3738.775  STB/day |:|
35.683 PR11_GasTotCale  v| 28162 MMscf/day |:|
Schedule
49.266 PR10_GasTotCale v | 51.40 MMscf/day |:|
Date [ DD/MM ¥YYY ] Hours [ HH:MM ] 18219 CSE-103_Qqgas_MPFM v | 18578 MMscf/day |:|
29/03/2019 00:0q 15.883 16.071 MMscf/ day
20.966 CSE-104_Qgas MPFM v | 22.475 MMscf/ day l:l
% cancel | X Confirm 13.624 CSE-102_Qgas MPFM v | 13.557 MMscf /day |:|
12.416 CSE-101_Qgas MPFM v | 12.924 MMscf/ day |:|
: -
! 0Slsoft.
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Drag a column header and drop it here to group by that column

Section Y Object
HYSYS

GAP Well
CAFP Well
GAP Well
CAP Well
GAP Well
CAFP Well

we need to define a new
indicator that relates field
data quality and model

&" Pi World san erancisco 2019

Field Application — Output Comparison for Monitoring and Tuning

Threshold

GAP sim. output

AF element value

definition

Y Element

CSE103
CSE103
CSE103
CSE103
CSE103
CSE103

T Na
StockTankOil

HCMassRate
FWHFP
PresOut
Qgas

Qaoil

Qwat

Similarly to the KPI structure,

outputs with the real plant

operating configuration

112,435.448
72.092
66.111
18.129
16,480.463
132.907

4.

CSE-103_FWHP
CSE-103_FLP
CSE-103_Qgas_MPFM
CSE-103_Qoil _MPFM
CSE-103_Qwat_MPFM

Expected
values

Comparison

Kg/hr %
71.998 BARg 5%
66.144 BARg 5%
18.683 MMscf/day 5%
16,644.354 5TE/day 5%
130.769 S5TB/day 5%

rrx Y Value Y | Pl Name \ Y Pl Value Y Uom Y\ Threshold Y  Djgfta Comparison

228,931,171.

-

__ RT value—model output

Field
data

RT value
Actual
Plant
set-up

#PIWorld
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Field Application — Operating Workflow VIDEO
il

' rabbit [ search this site )
rabbit - Risked Algorithms for Biogenetical Balance Integration Tool

Simulation Summary

e | rabbit is a tool by PROD dep which i models and surface production models, in order to optimize the production system with a global perspective.
2x Manua A powerful biogenetic algorithm searches for the solution that maximizes the oil production (or any desired objective function), according to the system constraints, The operative variables
rabbit info represent the genes that compose the genetic material of the solution. The ional steps for the d and impls ion of rabbit are rep in the following workflow.

Site Contents
top.eni. - aspx
0Slsoft.
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Operating Workflow — Results Examples

eDOF/PDMS
monitoring system

e e w

Surface & Subsurface Sensors
« Downhole P&T

* Well Head P&T

+60% oil rate

* Multiphase flow meter & ASD Production

+ Prod. Network P&T - \[ mh Optimization

* Topside process (manifold, 30 )
psidep ( ! (Choke up, gas lift,

20 4

w0 | debottlenecking)

OIL RATE [KBOPD]

separator, Compressors)

! 0Slsoft.
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Operating Workflow — User Friendly Interface/Collaborative Environment

RABBIT OPTIMIZATION DAILY OPTIMIZATION OPTIMIZATION REPORT

LUNEDI, 4 MARZO 2019 Jd B e
ACTION STATUS FUNZIONE OBIETTIVO TIPOLOGIA BENEFICI TEORICI BASE CASE
Azioni proposte: 6 Stock Tank Gil Short +255 17992

Azioni prese in carico: 6

AGGIUNGI RISULTATI

OPTIMIZATION ACTIONS OPTIMIZATION RESULTS

NETWORK (6)
AZIONE
AZIONE
Impostare Io switch pipe ALL_TO_BP_FL_1a 0.0 AGGIUNGI NOTA
AZIONEZ
Impostare lo switch pipe CER_BP_ToAP_FL_2 a 0.0 AGGIUNGI NOTA
AZIONES

Impostare Io switch pipe CER_BP_ToAP_FL_1a10 AGGIUNGI NOTA

Production optimization >

ACTIONS PROPOSED TAKE IN CHARGE ACTIONS
6 6

PRESA IN CARICO AGGIUNGI NOTA

0Slsoft.
PIWorld san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC 35
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ENI

Real-Time On Line Modeling of Upstream O&G

Assets

The project has been developed with a team of integrated professionals: HQ
Process Engineers, ICT Specialists and Site Engineers. The final framework
has been implemented on Eni 4.0 Assets (Digital Lighthouse Project)

Lack of updated simulation
models for:

+ Diagnosis/Monitoring of (manifest
or possible) production system

» Design / verification of particular
production modes, often
temporary/transient

» Check of operating procedures for
special conditions

» Debottlenecking and production

optimization new field operating
conditions/constraints

- 0Slsoft
B‘g“ PI World san rrancisco 2019

Near on-line digital twin based on
advanced algorithm (e-rabbit, KPIs),
simulators and Pl (eDOF) system

Pl tools: Pl AF, Pl DA

Simulators: GAP/Prosper, Hysys
Orchestrator: e-rabbit

Test Field: on-shore south Europe,
off-shore West-Africa

Potential application: asset served
by eDOF (Pl based system)

e

e-rabbit

risked
algorithms for
biogenetical
balance
integration
tool

digital

oilfield

—
edof

Real-time monitoring of the assets

through simulated results based on
real-time data and Updated model

for scheduled Asset optimization

Significant reduction of time during
model updating process (2-3 working
days)

Early and continues support to detect
issues, bottlenecks and optimization
opportunities

Licenses optimization and model
tuning standardization

Support to daily and long term asset
management

#PIWorld  ©2019 OSisoft, LLC 37



Conclusions — Central & Local Sites

Eﬁ-\ eDOF app

O

w
Centralized system,

0Slsoft
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E& e-rabbit app * Green Data Center

P,
.
g
bl
™ ﬁ =
W i
o= [ Lo PR
2 S B - i
Atla L.
Oce. S A H A A
Pac
a2 %a
g
IIIII e 2
s w [y
edol

sk

collecting worldwide data from near to 40 different local data sources
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Thank you for the attention
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* Deputy Plant Manager
* Eni Southern District
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Pl Connection — KPIs scope and architecture

KPI Separation unit = (f1 Dp H20 1°st + f2 Dp H20 2° st) * P1°st*P2°st

KPI Definition

Process and Historical
- Wate@rl deoplet diameter 1° and 2° St

require nts*

Droplet ¢
Pl —I¢Pt
@ kP! Upgraing? petiroplet. diginates,
& Tuning 'M;';Icfc"f:m & Monitori
onitoring

Whege @ is light or heavy p Nrse

| Apalysis ,
- Nozzl®s vilialion 1%@0d 2° St
* Root Cause Analysis
* Troubleshooting
* Optimization 9
Py Start asset
KPI = S
nozzle pv?2 specific monitoring
OSlsoft.

PIWorld san rrancisco 2019

Well Fluid Inflow

Gas
. Outflow

—
l Instrument

Gas Supply

Pressure
Release

— ~ Mist  Emulsion Layer

L Water

Initial

KPIs

Beginning
Water Outflow ‘
- Qil Outflow

Learning time
#PIWorld  ©2019 OSisoft, LLC 41



Questions?

Please walt for

the microphone i

State your
name & company
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#PIWorld  ©2019 OSisoft , LLC 42



SB1E8 KeA LEBOHA

DZlEKUJE Cl m TAPADH LEIBH

neU

sasPiAnAA. MISAOTRA ANAO =

NGIYABONGAu

TESEKKUR EDERIM * O B R I G A D O |J.S.I.U
= DANKIE rerima kasiH 5 DANKON TANK TAPADH LEAT 09
£ CNACUBO I MULTUMESC
S PAKMET CI3TE <5 FAAFETAI

GO RAIBH MAITH AGAT =
BJTATOOAPA GRACIAS <

TV BIATOJJAPAM =
TAK DANKE = < o

PIWorld =
THANKYOU

EYxAPIzTQ GRATIAS TIBI SGRAZIE

ESKERRIK ASKO

I HVALA XBANABAM
TE$EKKUR EDERIM

Al SALAMAT MAHALO |IA‘OE  TAKK SKALDU HA °< DI ou MESI

rRaumaT MERCI GRAZZ| mascatitn
HATUR NUHUN paAxMAT CATA L

CAM ON BAN
WAZVIITA

0Slsoft.

PIWorld san rrancisco 2019

= = HYHESTEVEL: T DAKUEM
0 SIPAS JIWERE Termakasn MATUR NUWUN
UA TSAUG RAU KOJ

TV BTATO[IAPAM
Ccnnoc

FALEMIN

#PIWorld  ©2019 OSisoft, LLC

43



