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- Agenda

Introduction to Integrated Modelling

CMG’s Integrated Production Systems
Modelling (IPSM) solutions

CoFlow for IPSM

« (Case studies and demos
CoFlow-X for IPSM

« Case studies and demos
CoFlow and CoFlow-X on the Cloud
Conclusions
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Why Bother with Integration?

Are you considering cross-disciplinary data for your predictions and results?

Production Engineer’s Model Reservoir Engineer’s Model
IPR — Tank or Correlation
Pwe Pwe Vertical Lift
Constant Lift
BHP Tables
Q Q

~ ~ COMPUTER
MODELLING

g—===== GROUP [TD.




- Why Bother with Integration?

Are you considering cross-disciplinary data for your predictions
and results?

Coupled Model (Dynamic)

IPR from reservoir
simulation

Operating

Point Vertical Lift Performance from

actual well and facility model
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- CMG Offers Implicit AND Explicit Solution

Implicit,
Modern

Solution

Multifidelity Solves
for Fast Traditional
Decisions Q Challenges
COFL

Fully Integrated

Uncertainty &

Optimization
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COFLOW COFlow X

- What CoFlow and CoFlow-X Achieve

Primary Recovery Tubing/Completion Design

Secondary Recovery

Artificial Lift Design

Tank or Decline based IPSM

Tertiary Recovery
Unconventional Reservoirs Facility Debottlenecking

Naturally Fractured Reservoirs Network Optimization
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CoFlow: The Modern

IPSM Solution
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CMG’s IPSM Solution 1: CoFlow

CMG’s Integrated Reservoir, Production System Modelling Environment

Objectives
- Better engineering for high-stakes plays (“ﬂ’n(ﬁ
* Reduce the cycle time from concept to field g
» Foster collaboration amongst disciplines
« (Guided task workflows with ability to customize @ I."l'l
Ultimately

» Accelerate and Maximize cash flow
« Optimize large capital investments
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- The Dilemma

Coupling of reservoir models and production systems is important —
but difficult and time consuming

Multiple tools: by different vendors
Siloed users: ineffective communication between disciplines
Data management

Data Consistency at Multiple Fidelities
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CMG’s Approach to IPSM

Multi-User

Multi-Disciplinary

Relational
Database

Reservoir-1, UE
Volatile Black Oil \ I \{ESC
Version Control
Data Sharing
Avdit Trl \ Multi-Reservoir
-

§

Reservoir-2, l

K-Value Fluid
Geomechanics

Multi-Fidelity

Integrated Uncertainty & Optimization

Production Network

Extensible, allowing for full
customization & plug-ins
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Case Study — IPSM in CoFlow (spe 181427

» Vast development area
« Multiple reservoirs, fluid systems, facilities

 FPSO based development (production limit
= 150,000 bbl/d)

Carbonate Reservoir:
— 201.5 k active cells
— 10 wells planned
— High level of Heterogeneity
— Multiple facies

Sandstone Reservoir:
— 101.2 k active cells
— 7 wells planned
— Low level of Heterogeneity

Pre-salt Blrazil carbonate deposition

Ave Perm map (upper carb Ave Perm map (lower carb

\

R
HEH A

EARLY APTIAN RIFT LAKES:
SANTOS BASIN AREA

P

~—Statistics reflects only platform facies, 1o off-platform facies.

PermeabilityX (md)

SPE 181427 ' o LR
CITCS roveune



Fluid Blending

50,000

Phase Boundary

~Sandstone EOS Flui

40,000

Fluid blending in Network:

Choice of EoS, K-value or BO fluid

Carbonate Reservoir:
Choice of EoS, K-value or BO fluid

30,000

Carbonate Network:

Choice of EoS, K-value or BO fluid S g
3
Gas Sink g
a
20,000
- o
Sandstone Network
10,000
. Sandstone Network: Qil Sink
Choice of EoS, K-value or BO fluid
Sandstone Reservoir:
Choice of EoS, K-value or BO fluid 0 -

Temperature (degC)

Legend

= Carbonate EOS Fluid © Carbonate EOS Fluid Critical Point = Sandstone EOS Fluid
O Sandstone EOS Fluid Critical Point = Carbonate + Sandstone EOS O Carbonate + Sandstone EOS Critical Point

CoFlow allows users to tailor the rigor of
fluids calculations to the place where it
is needed

CoFlow users can easily see the
properties and behaviour of vario
fluid models and blends
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- Well Design & Nodal Analysis

Well modelling

» Fidelity in pressure drop calculations
« Fidelity in heat calculations

RE-PE collaboration to pick well locations

PE based workflows to pick optimum well
equipment (e.g. Nodal analysis)

Pick robust well locations based on geological
uncertainty as well as dynamic nodal analysis

BHP (kPa)

52,000

Carb_Well_3_Analysis

| Heat Transfer Coefficient (J/(m2*KDif*s)): 11.5740741, Tubing/Inside Diameter (in): 5; 6; 7

B
K=l
e
(=]

Y
o
8
=]

44,000

42,000
0

| STL (mé/day) |

Legend

= = ' Tubing/Inside Diameter:5 (Inflow) = = ' Tubing/Inside Diameter:6 (Inflow) = 9= ' Tubing/Inside Diameter:7 (Inflow)

==@== Tubing/Inside Diameter:5, Tophole/Pressure:21000 (Qutflow) ==@== Tubing/Inside Diameter:5, Tophole/Pressure:25000 (Outflow)

==@== Tubing/Inside Diameter:6, Tophole/Pressure:21000 (Qutflow) === Tubing/Inside Diameter:6, Tophole/Pressure:25000 (Outflow)

==@== Tubing/Inside Diameter:7, Tophole/Pressure:21000 (Qutflow) ==@== Tubing/Inside Diameter:7, Tophole/Pressure:25000 (Qutflow) ® Operating Point
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Facility

High/Med/Low fidelity
for each equipment

Carbonate — single riser
to FPSO

Sandstone — Each well
with individual riser

Gas separation,
compression, and re-
injection into Carbonate

— ©
IA Pipe_cm —

Carb_Well_3 Well Head Valve C2
alve_
h 4 @
(]t > > —
— Pipe_C4 Valve ¢4
Carb_Well_4 Well Head a_
h 4
e >E——>>
Pipe_C5 Valve_C5
Carb_Well_5 Well Head
A 4 @
(o=t > >p 4
F—N .
Carb_Well_6 Well Head Pipe_C6 Valve_C6

(=}

>

Pipe_C7 Valve_C7

Carb_Well_7 Well Head

]
h 4
njs———>EH¢ > )4
— Pipe_C8 Valve_C8
Carb_Well_8 Well Head -

A 4

(aJ=

—_—
Sand_Well_1 Well Head

—
Sand_Well_2 Well Head

>

Pipe_S1

Valve_S1

ll.ll Pipe_S2
—_—
Sand_Well_3 Well Head -.
-~ Pipe_S3
— 5
b« >
Sand_Well_4 Well Head Pipe_S4
h— f > )
[l Pipe_S5

Sand_Well_5 Well Head

Valve_S5

Carbonate Facility

o
‘;1—"“—
Gathering Centre _3"' Network Outlet
A
—>{=
i
Carbonate Networl
A
—=
i

Sandstone Network

>,

Gathering Centre Network Outlet

Sandstone Facility

— —-
= Pipe_S6
A

Sand_Well_6 Well Head

Sand_Well_7 Well Head

)4

Valve_S6

Valve_S7

Identify bottlenecking Equipment

‘ Flare
»—@'E—y‘-' Distributor
Gathering Centre 3 Phase pephrator ’\
— —_—

Compressor
Water Sink Qil Sink

Carb_Well_1

Inj Gas Distributor | Carb_Well_2 Well Head

Carb_Well_9 Well Head

FPSO

Robust Design:
CoFlow Facility design and
equipment can be tested against
geological uncertainty and chosen
well locations (SPE 195477)
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COFLOW

IPSM Modelling for an Offshore Asset
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Robust IPSM Optimization Workflow

Design
Production
System for

Base Case

-Well design
-Well locations
- Facility design

Quantify
Production
Uncertainty

Identify Main
Decision

Variables
-Well design
parameters
-Facility design
parameters

and Update
Production

System
Design

CIMNG wesaine
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Case Study — Robust Production System Design

under Geological Uncertainty (SPE 181427)

00000 00

Scheme-A

([ ]
7011500
7011000 . .
% 7010500 P
z 7010000
3
g 7009500 °
B [ J
009000 ( ]
7008500 o
7008000
([ ]
007500
0o 001 00 4000 00 6000 000 8000 9000
X-Coordinate (m)
2500
00000 -Scheme-B
7011500
([ ]
7011000 [ ]
- (I J
E
s 7010500 )
H
£ 7010000
H °
3 7009500 PS
<
7009000 [}
7008500
() [ ]
008000
7007500
00 00 001 00 5000 001 000 00 9000

Scheme-C
( ] ([ ]
® o o
® ®
[ )
® ®
1000 2000 3000 000 5000 6000 7000 8000

a
X-Coordinate (m)

9000

Well Location Scheme

Tubing ID
Tubing insulation

0.00 ft
11000.00 ft

0.50 ft

Perforation

3000.00 ft
14000.9p ft

'

Natural or artificial lift
Pump design

=1

Gathering Centre

=

Network Qutlet

Liquid Riser

Sand_Well_1 Well Head

~— Pipe_S1
0] [
_«

Sand_Well_2 Well Head

A 4 o
l..- Pipe_S2
>N
Sand_Well_3 Well Head _)-._ |
~— Pipe_S3
|
[ S
Sand_Well_4 Well Head Pipe_S4

Sand_Well_5 Well Head

Ilill—;_

Sand_Well_6 Well Head

Sand_Well_7 Well Head

Carbonate riser size

FPSO separator
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COFLOW

Robust Production Design Under Geological
Uncertainty
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Results: Effect of Carbonate Well

Tubing Size _ .| Scheme<
£
= [
S,
|ill Tubing Hanger ‘_§ 2.2E+007 ‘ ’
—_— 0.00 ft £ [ ]
0.0¢ 2 [ ]
@ 2.7E+007 T e . .
—— . _ Scheme-B . .
@ Pump E— 2.6E4007
4 050 ft (o]
11000.50 ft g 0 )
j.'é Perforation 300000 g SE+007 (]
1400030 7 § I ID =5 inch ID=7inch
555555 é.-, AE+007
Q
Scheme-A P
"—E - .§ 234007
"6:’ 2.3E+4007 g
2 ° e
.ﬁ 11111 . 2.2E4007 T T .
2 o ~ ID=6inch ID =5 inch ID = 7 inch
3 v
3 0 0 Result:
Joeml 8 .\ * Base design (from multiple Nodal analysis): 6 in.
I * Robust design (from IPSM with uncertainty assessment): 5 in.
2 y s
§ e ¢ - > COMPUTER
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Results: Effect of Carbonate Well Artificial Lift — ESP

CarbWell_3 Trajectory [11482.94 ft] BEBR 4.0E+007
Section Type Py 4 General Information
[End MD] Length Description .
i Name  Pump
[858] Tubing Hanger - 3.8E+007
000t Description
4 Operational Status
Isbypassed [ ] <
3.6E+007
i No date/time >
10764.01 Bypassuntil  []Nodate/time <
Bypass after [ No date/time <>
Is shut-in  [] 3
3.4E+007 ‘
0.10 ft Shut-inuntil  [] No date/time <>
10764.11 ft Shut-inafter [ No date/time <>
b 3 Uptime fraction 1 <o — ‘
S.E Perforation —_ 3.2E+007
=~ 7432t 4 Data =)
1083843 ft Transport Model  Polynomial Mode ¥ <> E— ‘ \
= Frequency 60 Hz <& © \
l Tubing S 3.0E+007 ~— O
3187t Gas Head Degradat..  Homogeneous ¥ <> 6
10870.29 ft Calculation Fidelity  Low Fidelity v o g .
B o
B Viscosity Correction  No Correction v <>
' perforation v 2.8E4007 : g v
o 70.24 it Pump Information Add / Edit H
10940.53 ft ‘ 3 \ O
2.6E+007 ‘ \\
2.4E+007

Result:

* Base design: No artificial lift 2284007 ;
* Robust design (with uncertainty ,

Manufactured Pump Performance Curve

2.0E+007

assessment): ESP #1

Natural Lift
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Results: Effect of Carbonate Riser Size

COFIC

|'.ll_\_)-. 4.0E+007
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3.8E+007 .
(=t > > — o
— Pipe_C4 Valve C4
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~— e’
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PN o
Carb_Well_6 Well Head Pipe C6 Valve C6 3.2E4007
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rl— g
A 5
Carb_Well_7 Well Head Pipe C7 Valve C7 3.0E+007
|§] ; ®
W — > — 5
Pipe_C8 Valve_C8 2.8E+007
Carb_Well_8 Well Head /
2.6E+007

CumOilCarb (m3)

ol me

Result: L
* Base design: 6 in. T o o
* Robust design (with uncertainty 2284007
. @ 0
assessment): 8 in.

ID = 6 inch | | | | ID =‘8 inch | | | | ID = |10 inch
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Sand_Well_1 Well Head

)
0 [

A
Sand_Well_2 Well Head

— —-{

it 0O Pipe_S2
B
Sand_Well_3 Well Head _)-.
~~— Pipe S3
s— | |
) > 15[
Sand_Well_4 Well Head Pipe_S4 Network Outlet

Sand_Well_5 Well Head

Sand_Well_6 Well Head

Sand_Well_7 Well Head

Result:

e Base design: 6 in.

* Robust design (with uncertainty
assessment): 6 in.

5.20E+007
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Results: Effect of Sandstone Well Risers’ Size
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6 in. risers 7 in. risers 8 in. risers
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Tool 4
. Uncertainty, ) Relational
Reservoir S |!‘I| elationa
Engineering Opfimizeniony < - Database

Economics °

Version Control
Data Sharing

Audit Trail
Tool 2

Reservoir-1, C\_)E Geology
\ / I Volatile Black Qil \ I ‘V
Asset
Development

L=

v / \ Tool 3

/ I \ e
p 1"
e
._\'Di
Production e o A
Engineering > eomechanics i
Reservoir-2, ' Production Network
K-Value Fluid

Geomechanics

Modern

Traditional

Parameterize anything, at any step, achieve end-to-end uncertainty
assessment and optimization CMG s
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CoFlowX: The Brldge

to IPSM
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- CMG’s IPSM Solution 2: CoFlow-X C

Integrated production modelling with wells and facilities

iIn CoFlow and reservoirs in IMEX or/and GEM
< Unlimited no. of

& B M ‘ / IMEX and GEM
’rI_LR : | COFL - \

models
GEM

Production engineer can enjoy all the tools of CoFlow while allowing the reservoir
engineer to keep using CMG tools that they love.

CoFlow-X
Explicit coupling

> ~  COMPUTER
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Benefits of CoFlow-X

Benefits of Coupling CoFlow with IMEX and GEM

Recovery process modelled Any complex recovery Couple CoFlow & other CMG
on industry leading simulators process can be modelled software to the workflow

(B Ve

IMEX GEM
Connect the CoFlow surface network NFRs, HFs, cEOR...etc Production engineer can enjoy all the tools of
(with blended fluid) to any number of CoFlow
IMEX and/or GEM dynamic models ici '
/ Y Explicitly coupled to improve performance Integrate existing CMG reservoir models with

CoFlow production models instantly

> ~ COMPUTER
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<
At Hand-Shaking Time

(Coupling at the bottom-hole]

o Wells Constraints (STO, BHP,...)  IPRs & Mole Fractions Tables

* Injection Fluid Compositions < o Reference Layer (Drawdown)

e Injection Temperature o Reference Phase

 Suggested Next Hand-Shaking Time « Suggested Next Hand-Shaking Time

> ~ COMPUTER
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Smart Identification of Coupling Time

User defined hand- Suggested hand-shaking Suggested hand-shaking
shaking frequency time by IMEX or GEM time by CoFlow

GEM IMEX Specify Simulation Time Events

N - File Home CMOST Al File Home CMOST Al Search for simulation time event summary £ £ B &
File Home Surface Network CoFlow-X Engine . — e— — BE &
2 commentLines | 8 Go To Line: ell[#]|z 2 commentLines | 8 Go To Line: elll#]lz Name Summary v
. N . = " = =
B B Uncomment Lines | | Block Selection Mode et | oo | i 2 Uncomment Lines | | Block Selection Mode e | e | = When From the time range 1/1/2017 12:00:00 AM to 1/1/2037 12:00:00 AM
(B paste Add Comments X ~ | Files~ [ Paste | D Add Comments X ~ | Files~ Then Perform simulation time event action ‘Restart wells after lift die-out' on 7 wells
Clipboard dit Clipboard Edit When On 01/Jan/2017
) Ils schedule_1
Start jé é Sandstone wells schedule_ Then Perform simulation time event action ‘Start up well’ on well Sand_Well_4
] When On 01/Jan/2017
i . . 329 Sandst lls schedule_2 L )
CFORCE Operations Coupling Time 330 DATE 2612 2 1.00000 andsione wells schedule Then Perform simulation time event action 'Start up well' on well Sand_Well_S
331 DATE 2010 3 5 ‘_ ALTER 'Well1l® — Sandstone wells schedule 3 ‘When On 01/Jan/2017
Coupling settings 332 WELL ‘InjectionWell® 5564.0 - Then Perform simulation time event action 'Start up well' on well Sand_Well_7
pling g 333 INJECTOR 'Injectionkell' When On 01,
334 INCOMP SOLVENT 1.0 0.0 0.0 0.0 0.0 0.0 0.0 19010 § DATE 2013 1 1.00000 Carb_Well_1 Shutin ST
335 | obemmre rex e soom0 conr 0 e ® 19011 | OPEN “Well2' — - Then Perform simulation time event action 'Shut-in well' on well Carb_Well_1
Start time: | 2005-01-01 12:00:00 A v Stop time: | 2020-12-31 12:00:0 ~ 336 | oPERATE Max ST 40060 19012 | OPERATE MIN BHP 100.0 CONT REPEAT When On 01/Feb/2017
33 000000.0  CONT 19013 | OPERATE MAX STL 4000.0 CONT REPEAT Carb_Well_1_Gaslnj imulation ti ion " :
337 pere WL Injectioniell’ o Then Perform simulation time event action ‘Start up well' on wells Carb_Well 2, Carb._...
3 . 338 ** usa wi Status Connection I When On 01/Jan/2017
Maximum frequency (days): | 30 v A‘; 113  9410.03 OPEN  FLOW-FROM 'SURFACE P Then Perform simulation time event action 'Start up well’ on 6 wells
3
) When On timestep 1, relative to the start of simulation
3411 DATE 2012 12 20 — Use Homogeneous correlati p
342 | DTMAX 20.0 9! us correlation Then Set pressure drop model for wells and facilities
343

Next Coupling Time: Min [ RERSE W |
CNC mtins
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Case Study — IPSM in CoFlow-X
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Valve_S4 Gathering Centre Network Outlet
. 4 >E .-
— ess P Sandstone Facility

Valve_S5

Sand_Well_5 Well Head

EOS 2

o f > >p 4
l.-.. Pipe_S6 Valve_S6
Sand_Well_6 Well Head

Cm > COMPUTER
p— ‘ MODELLING
— s 'Va:e_sy " GROUP LTD.

—
Sand_Well_7 Well Head



i

CoFlow-X for IPSM Modelling of an
Offshore Asset
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CoFlow-X Summary

Modern user interface to couple reservoir and production
models

* No need for tedious scripts
Very easy to use
« Absolutely no changes needed in your datasets!
Smart software
« Automatic well coupling, intelligent coupling time selection
No limit on the number of reservoirs
* Any number of IMEX, any number of GEM, or a mix of the two
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<]
\- CoFlow & CoFlow-X on the Cloud

Benefits

« Instantly scalable and flexible hardware
and software options

No need to buy additional hardware
Availability of the latest version of all our

CorowX simulators

Immediate availability, no queuing is
required for large numbers of runs

« Instant access, 24/7 to fulfill your projects
on time
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CoFlow & CoFlow-X on the Cloud
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- CoFlow & CoFlow-X Deployments

legend

® Completed/Commercial Deployments

@® Ongoing
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Bottom Line

« All your IPSM needs met with a single tool
* Any reservoir recovery mechanism
« Any production design and optimization

« Solve complex problems in a new way
* Implicit AND explicit solution
« Multi-user, multi-disciplinary collaboration

« Solve problems we previously couldn’t
« End-to-end uncertainty assessment and optimization
« Multi-fidelity at every component of integration
« Complete fluid consistency

« A platform to reduce risk and improve ROI
« Full collaboration and data consistency - reliable forecasts
« CoFlow on the cloud!
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Vision: To be the leading developer and supplier of dynamic

reservoir and production technologies in the WORLD

CMNG wedting learncmg.cn
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