A RESERVOIR
MANAGEMENT
REVOLUTION
POWERED BY POSEIDON

A LEAP ENERGY TECHNOLOGY PLATFORM

{@ LEAP

Energy

POSEIDON



POSEIDON™ is an innovative solution
developed for complex, high well count
mature oil and gas fields.

POSEIDON™ Modules:

POSEIDON™ DATASCAN

POSEIDON™ ALLOCATION

POSEIDON™ ANALYTICS
POSEIDON™ REMAINING OIL
POSEIDON™ PREDICTION

LEAP

Energy

&

POSEIDON



L EAP

Energy

ZONAL ALLOCATION

m

What if allocation is uncertain?
POSEIDON™ ALLOCATION

Develop multi-phase zonal allocation
scenarios that incorporate all available
static, dynamic and surveillance
Information
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Full cycle allocation workflow

Fiscal meter Scheme of Flow metering tests
production streams (validated)

Areal allocation @ h Well test processing

DATASCAN (DSI)

Dual string wells I Single string wells

Leak Identification with DSI
& Corrosion/Erosion module

Commingling Analysis

| No leak identified
Leak identified

Minor commingling

Commingled

phase & 3phase vertical allocatio 2 phase Vertical allocation @ Simple KH allocation / no
embedded leak correction " 3 phase Vertical allocation allocation required

Generalized 2phase / 3phase allocation engine with leaks improvement

RF ranging & PR . Export production history to
: Integrated allocation (&) .
Material Balance |mmmmmm g @ Simulator




Integrated allocation approach

Areal allocation
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Vertical allocation

Selection of
combined
allocation solution
& mismatch
volumes

compensation
Run dual-string wells as pseudo-string with extra constraints

Filtering by uncertainty Platform/ field Individual wells
ranges & Reservoir solutions qlu_tioﬁ
behavior (MBAL / recombination | |

overy Factor)

Dual String Completion

* Non leak period as PLT for group of layers Pseudo Single String Completion

* Leak period constrained by cross-flow WCT
(assuming homogeneous flow)

» String data correction (areal allocation
should be compensated on further iteration)

Multi-core CPU optimized allocation engine

Problem formulation Optimization — multi-solutions search
Production with Leak Pseudo well production with Leak
~ Rates expressions: Main assumption,
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Vertical Allocation
3-PHASE ENGINE VALIDATION
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Vertical Allocation

ViR

 For a given well, its well reconciled production obtained from areal allocation is further
allocated to each contributing zones.

« Vertical allocation engine will search possible zonal production distributions which honor well
reconciled production or uncertainty bands if exist.
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Vertical allocation — 3 phase EO)LEAP

* P1 Well production match (Unconstrained Run - no PLT used

I r Oil Rate V's Time Water Rate Vs Time
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Vertical allocation — 3 phase

()

¢« P1 - Layer solutions (Unconstrained Run - no PLT used In
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Vertical allocation — 3 phase
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« P3 Well production match (Unconstrained Run - no PLT used

I

F3 0l Rate (standard cubic metre per day (scrmiday])

il Rate Vs Time
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T

Water Rate Vs Tim

P3 Gas Rate (standard cubic metre per day (scmiday]) (1003}

The match is excellent for well-string
rates

More challenging fully unconstrained
case without PLT’s

© “Correct” production data

== Allocated production data
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Vertical allocation — 3 phase

« P3 - Layer solutions

()

L EAP

Energy

(Unconstrained Run - no PLT used in

(0]

L1
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Water Rate Vs Time
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Leak Assessment

LEAK ENGINE VALIDATION
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Leak Assessment

ViR

 In this context, leak is referred to ‘fluid cross-flow’ from
one string to another string in dual string completion.

« To correct this cross-flow, a pseudo-well approach is
proposed. With this approach, leak correction and zonal
allocation are simultaneously performed. Fer technical
workflow, please refer to

Experience. Expertise. Technology 13
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Leak Assessment - Case setup

 Well P10 is completed as a dual string

« String production data were “corrupted” to replicate the leak from P10-S2 to
P10-S1 starting on 01/10/1997 until the end of the production history

IDEAL CASE
(ECLIPSE)
Dual String Completion

String P10-S1 String P10-S2 . .
String Cross-Flow w Uncertainty
SYNTHETIC REAL CASE
(WELL TEST)
EWeII Test Averaging

SYNTHETIC REAL CASE

------ “Corrupted” data for leak (FULL PRODUCTION)
Correct production data

Experience. Expertise. Technology
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Leak Assessment - Ideal vs

Synthetic Real
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Case

P10-51 Liquid Production Rate

----- Leaked Oil Rate (Uncertainty) sm3/day Ideal Oil Rate sm3/day

P10-52 Liquid Production Rate

»++++ Leaked Oil Rate (Uncertainty) sm3/day Ideal Oil Rate sm3/day

+++++ Leaked Water Rate (Uncertainty) sm3/day —Ideal Water Rate sm3/day +++++ Leaked Water Rate (Uncertainty) sm3/day ==—Ideal Water Rate sm3/day
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------“Corrupted” data for leak
Ideal production data

Experience. Expertise. Technology
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Leak Assessment -
ldentification

Starting Date ié LEAP

Energy

Remaining Wall Thickness
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—&— P10-52 - Remaining Well Thickness —@— P10-51 - Remaining Well Thickness
Leak Date 1 Leak Date 2

Corrosion, mm

Cumulative Corrosion & Erosion
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—8— P10-52 - Cumulative Corrosion —@— P10-52 - Cumulative Erosion
—@— P10-51 - Cumulative Corrosion —@— P10-51 - Cumulative Erosion
Leak Date 1 Leak Date 2

Input | DQI & Corrosion Result

Leak period identified by DQI engine

Leak Dates Method: (@) Signal Comparison Data Scan
Please select well(s) that you would like to run.

A Select/Unselect All Wells

W/ Well Name: P10S %% View Chart

Run Status Leak Periods:
Completed Start End Source
01/10/1997 | 01/12/2016 |P10-52
String Mame DQIIndex CRawg, mm/fyear ER avg, mm/year CRcum, mm ER cum, m e —— et il
P10-52 |0.00 |69848e-003  |2.8867e003  [14680e-001 |6.0638e-002 |
P10-51 [0.00 |68538e-002  [5.97842-004  [1.4406e-001 [1.2552e-002 |

The identification approach:

* User has to compare the risk of thinning of the
tubing versus DQI predicted statistical leak risk

* The main results at this stage — define the leak
starting date (to be used in smart constraining of
the further 3phase-leak search engine)

* PreHM auto-suggests a DQI driven Starting date for
convenience

Experience. Expertise. Technology 16



Leak Quantification and Correction at pseudo

well level

i
y—
|
L\
-
=

. standard cubic metre per day|

Total Ol Production Rates

Pseudo Well Oil Production Rates

MO0 e
. . @ Measured pseudo well oil
who m ........ .. productionrate .
F I SUPRU \ﬁ ....... U L ST
IR SO - —A“ocatedpseudgwe"oi]
500 B L ~iecoproduction rate oo
@ E . | : :
EATE S
200 S
100
0 ; f + f : f
Jan 1333 Jan 1357 Jan 2001 Jan 2005 Jan 2009 Jan 2013 Jan 2017

| ® Well P105 - Measured —We\F‘108-AIccated|

=}

uction

Total Water Prod,

ard cubic metre per dd
. k.

Pseudo Well Water Production Rates

H H i ; H
t t t T t t
Jan 1557 Jan 2001 Jan 2005 Jan 2008 Jan 2012 Jan 2017

Well F105 - Measured —— Well P105 - Allocated |

otal Gas Production Rates

. standard cubic metre per day (1
. [

;

Pseudo Well Gas Production Rates

t t T
Jan 1557 Jan 2001 Jan 2005 Jan 2008 Jan 2013 Jan 2017

Well P105 - Messured —— Well P105 - Allocated |

* The match is reasonably good for pseudo well rates

* Search has been performed with a specific Group Reservoirs Constraints
& Well String Constraints driven by Identified Leak Start & Stop date

* Leak engine is a customized advanced allocation engine and can
generically run it 2/3-phase mode with extra constraints

Experience. Expertise. Technology




Water Production Rate  Oil Production Rate

Gas Production Rate

Leak quantification — well string

Measured (corrupted) vs Leak corrected

P10-S1

P10-S2

production
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Leak corrected check versus Original data
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Leak quantification — layer solution (well P10)

Unconstrained Run -

Layer 3 Layer 1

Layer 5

no PLT used in search
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L EAP

recon. well prod.

Integrated Allocation Processes Enerey
Vertical Allocation
Al @ Leak Assessment Vertical Allocation
:  INPUTS OUTPUTS (leaked dual string) (no-leak single or dual)
-+ Fiscal metering *  Reconciled Well
: *  Production Production INPUTS INPUTS
network *  Uncertainty * Reconciled well production * Reconciled well production
©  «  Well tests bands for well OUTPUTS & uncertainty bands
*  Meter production * List of solutions honoring OUTPUTS
uncertainties recon. well prod. * List of solutions honoring

Field Solution Combining

* Ranking field solutions

* Randomly or fully

* Selecting
representative
solutions for each well

combining well solutions
to give field solutions

* Checking the platform
uncertainty bands for all
field solutions

using Mbal analysis

Wells Wells “ : | Field | Mbal Error |
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Three Phase Allocation Workflow LEAP
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Energy
Initial Guess of Type curves
Well Qo, Qw, , ; ; )
Qo. Qw, Qg (Each zone WORi vs. CumOIL_well) For each time step, computing zones
(o,,B,8,b,CUmMWD) watercut based on type curve WOR
Zones’

wor®
1+wor®

Initial Sws, Sgs of zones

Sw(i)’ Sg(l)
No t ‘
Allocated productions

attime (t) Local Objective / Error function Fluid mobility
mt®

e Init for inputs and
Err?prggifm constraint box
pvt,
perforation
events

tweut® =

Objective / Error
function

Conve rged ?

ke = mo(l') + mg(l)
S + mw®
)
=
8 4 ’ Watercut
4 @
: 4 cweut® = qw—
Allocation Results L’ q0® + qw®
£
£
£
£ Allocated productions at time (t)
p - I Fluid allocation factor
D)2 )2 qfY = AFUqf e
et)=(d0 — 2:9,)" + (qw — 2: 9., D)+ j j

% . 2 qo” = qf Omo®
m (ag — 2:a9®) +(Z(eweut® — tweut @) qw® = glDmy ®

qg(L) — ql(i)777,g(i)




Leak Quantification — Pseudo Well Approach £

Dual String Completion

String 1

String 2

Pseudo Single String Completion
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Energy
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Creating a fictitious well
which produces from all
layers perforated by both
strings.
Combining strings’ production
to form fictitious well’s
production.
Running advanced allocation
on all layers with extra
constraints:
 Honoring each string
productions before leak.
 Crossflow watercut =
source string watercut
» Crossflow GOR =
source string GOR

This process allows zonal
allocation and leak correction
at the same time.

22



L EAP

Energy

Leak Assessment Workflow

s

String Qol, Qw1, Qgl Initial Guess of Type curves
String Qo2, Qw2, Qg2 Ppsuedo-Well Qo, Qw, Qg (Each zone WORI vs. CumOIL_well)

(0,B,3,b,CumWh) For each time step, computing zones’
watercut based on type curve WOR
Init for inputs and |
constraint box ]
Zones’ | -
properties — Kh, ; T —
relperm, pvt, -
perforation
events

Initial Sws, Sgs of zones

Sw(i), Sg(l)
1. ¥

—_

Not converged

engine

oo‘Tb“lmnomn
0110010111000:

Total matching Fluid mobility

error

Allocated productions at Local time step well-type
time (t)

mt®
= mo(i) + mg(L)
+ mw®

curve matching

cweut® =

¢ Watercut Flow potential '
£
£ i [
Converged P : qw® LlJ( )

qo(i) + qw(l)

£
Allocation Results £ " ‘
n . ; £
@) g © )
90" 9w 74y P ¢ Allocated productions at time (t) Fluid allocation factor

gf ® = AFWqf el

£
O = £D70®
p— vy 2 qo = qf mo
E(IF(% - Ei qo(l)) + (QW - Ei ‘IW(I)) + (QQ - qw(i) = ql(i)mw(i)
q9® = ql®mg®




