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Agenda

 Field & Solution snapshot
« Workflow

* Modelling & Optimization
» Challenges

« RTPO Dashboard
* Solution value
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Field and Solution Snapshot

Field —
~ 181 W.e s (130 -150 active) Spimzaban mese Optimization | H‘*
 Production Eraine =L
_ Condensate: 7'200 b/d  Gathering system {CJ} H | i
— Gas: 180 MMscf/d + Separators iy
— Water: 7,500 b/d -
« (Gas Lift, Natural, GAPL 17 .
» Unconventional field — = Deciion suppon EmE
Delivered [RTPO] -

« Data acquisition & validation system

a4z

Sm_ I)n_ﬂnlnﬁe__ltk

 Automatic model update .
« Automatic daily optimization ot B =
 Continuous - flow, pressure, temp —

* DaSthard fOI’I » Discrete — on/off, open/closed
— Display of optimal set points > WEh st
 Economic

— Input for scenario configuration
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Workflow Overview

Gorkflow executed once a day(i.)

Midnight)

VLP Creation

Operating point
Simulation

[ J
T )
[ J

[ Optimization ]

Results available in the dashboard
for the morning shift

\_ /

Qikfield
Model for

tuning
[enorypted
EPROMS maodely

Dilfield
model for
optimization
|enorggpbed
FPROMS maodalp

QILFIELD
Automatic
Model
Generator &

Updater for
RTPO

Well moded for
VLP curve

generation
|enorypied gPROMS
e e

OLFIELD Oilfield Optimizer for RTPO
1 Current
ailfie|d 1
i canditians | Recalibrate network Updated | Slmma:?tf urrent
f model [g]F7 tuning factors ' conet D“.s-—. S
D“ﬁEId / IE. ey J
Operations
i / Optimize current
g operations
CigEimizatian
Settings
wEll operational fata
Legend
DILFELD Model-hased : Data to be
Software computation in gPROMS hmﬁﬂ“’e / provided
for RTPO SEz R by RTPO F
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System architecture

RTPO Digital Solutions

User Interface

N

RTPG Ul & Grafana Dashboard
|

er

Existing data sources

in the Customer Network
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gPROMS Process

Typical Use Cases

Key Features

Snapshot Optimization

Asset Digital Twin, including production
«R=gular optimization fo deiermine the best set of field s=fpaints and fEGlIltlES

“Whati™ decizion support
=Flan for field changes and workower to identify the impact on production SE" Ga"brating P hYSIES-bESEd I'I'IDdEl

Real-Time Field Upset

-Minirnizz production lasses until the upsst condition is foed Fully equation-oriented solver

Limited changes optimization

“Globalization strategy™ to avoid being
trapped in local optima

= Lirniting the number of new ==f poinis gensrated by the optimize

Routing optimization

Determine the cptimal fow path trough the syeter Simultaneous optimization of continuous

& discrete decisions (MINLP)

Iintegrated Asset Oplimization

Customizable objective function and

+ Ensure optimal system settings can be handled by the whole asset .
P y g y constraints

Field Planning
Offline (desktop + web) and online

« Optimise the field over a longer time frame taking into account deployment
reservoir decline

ALRDC. COM —
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Integrated Asset Optimization

Production Network

— 181 wells (130 -150 active)

— 10 Well pads

— Separator
Facilities

— Separation

— Compression

— Condensate stabilization
Objective

— Maximize condensate
Decisions:

— Gas Lift rate

— Choke pressure drop

— Well Status

— # of parallel flowlines

Constraints
— Max total gas lift
— Max well gas rate
— Min pipeline velocities
— Max total gas/water rates (equipment capacities)
— Max condensate RVP specification

Facilities

*
'TOTT Y Y - o g
. T =
| LFE = A Q o
E — ol e Qe ¥,
L ] = _,. q -.-l-;l ’ g k) =‘. "
B k - T
U___ - = - .ﬂ -_..
# - £ &
= '- 3 £ =
= 14 3 £
... - 8 n;: .:'
A +r' .3 -
- 1 o 3
= 8 ]
] _ = 1 o
._ L
4 -
> = -
- = |
> Production > -
$ s
J~ < network -
- - _ >
- = PN P o= $ . 1Y -
- == = = - - m.-‘ﬂ A -
- ‘-
-~ i
- -
- e ":l'h il
- - - -
£ - ! - - N
- f - - -
; ~ - | - = 3
- - : - - -
r——, & : - RINI < =
> | T . = >
. e — G - -
> : e = =
-~ -8 o :
- -9 -"I- -
- = 2
- | - __." ~
Y] - - -
b -
:-.
-



Y GAS LIFT
~ WORKSHOP

Challenge: Update field data

8 =B %« |Facilities
- _
gPROMS Process Model: - . vef T|
ITEITRIRL -
— Configured to receive all field data 3 : == # o geBae 8 C
— Data collected by digital solution into SQL database = = 2 R D T e E
U'" 3 = S -\“_1._5 .
— SQL database updated at the onset of each 3 ® . e
optimisation or VLP generation = 1] 3 £
— Thus, model always contains latest field data when ‘“ rf i 3
performing an optimization = sy ¥ =
= Production > G =
= @ - 3
b~ =z network =
- — - = = =
< -ﬁ;- & = ? - = E
= e - YT N 2 =
- e e SR o ; =
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Challenge: Well Modelling — VLP Creation

For Gas lifted and Naturally flowing [ Execution Output (Free_Flowing_20200713_082103) e - [
wells: (m >
— gPROMS Process Model template Lo X - B = |0 @ | & [Show ~
created =] :

— Template automatically populated
with well data to model the well tubing

from bottomhole to wellhead for each
well

— Calibrated model to known well tubing
pressure drop

 Fitted well tubing pressure drop
parameters to match field bottomhole Free Flowing
pressure 4 b

— Produced well bore performance e
curves (VLP) via Global Sensitivity B - :

[ | Execution Output (Gas_Lift_Tuning. 20200709_091035) o ol (S
Time |0 ' Kl P>
% hd | @'l a @, | PP N | — ' .i igt sl | S | = i s | @ | b | show ¥

Analysis (multi-core module) Gas Lifted

Output Topology: Flowsheet Stream tables: Flowsheet Properties _ . 5

[ h

< >

Output ETgpch;.qy: F|DWShEEt§ Stream tables: Flowsheet Properties
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Challenge: Data Validation

Data from instrumentation can be “problematic”

— Out of range data ,i.e. negative water cut, etc.
— Within valid range but non-sensical, i.e. zero rates (see plots)

Any online solution needs to be robust enough to handle these
conditions

To avoid faulty measurements causing process model calculation
errors:

— Sensible min and max values were set for all input data
— Logic was defined for action to be taken when data bounds were violated
— All data values were screened and logic followed before sending data to the model

[=3]

Ga rate (E3m3/D)

1=

(Gas Rate

Well is producing

Time

Water rate (m3/0)

Water rate

Water rate falling to zero

'y
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Challenge: Data Validation

Tag Boundaries Rules-logic
7 N 7z

A B i H E M LT H v | 1 K L L4
I Emcrlheed ¥ | Tag # = Min Wakar = Max Vilas ~ UnHy - | Ruole [ MGES B ander Min |+ Rule f BaEh fod oved Max ¢ Aeeiagingd ¢ A, Timebiame +
L urrent (preadion Proalesiinm

1 Cuyrrent COo=reation Prioahscticn Ligusad Rafe o o ml'd et - weell rigssort Dperating vilues: 2 - 9%
d CiprEnd Chosratinn Priachasrn i Dl Riss i o) milJid st =in weell i Dp=rating valuess: 0.6 - 15
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Challenge: IPR Curves

» |IPR curve data provided by customer
» Nearby well fracturing caused increase in liquid rate, for which IPR gives FBHP < WHP

« Solution: IPR curves were checked daily and adjusted, where necessary, based on FBHP obtained from the well simulation

Liquid Rate] FBHP IPR Curve IPR Curve
M3D | kPag 9,000 8.000 _
2.98 8,000 8.000 - Sim based FBHP
6.05 7.500 oo 7,000 ®
8.16 7,000 o Before 6,000
9.83 6,500 | |=m6.00 fracki —
1123 | 6000 | |& 500 racking ?;ﬂﬂﬂ
1242 | 5500 | |T, o <4 000
13.44 | 5000 = o
1433 | 4500 | |*300 WHP ; 3,000  WHP
15.09 | 4,000 2,000
1574 | 3.500 o000 After 2,000
16.29 | 3,000 o fracking 1.000
16.74 | 2500 Z : = =
1711_| 2,000 0 ’ 1o 1 20 0
17.39 1.500 Liguid Rate (M3/D) 0 ) 10 15 20
1759 | 1,000 Liquid Rate (M3/D)
17.71 500 used 30497
17.75 0 2882838 adjusted
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022

Challenge: Velocities

* Field needed minimum velocity in key pipelines to avoid slugging

« Solution: # of parallel pipelines for all flowlines was included as a decision variable. If constraint violated, then 1 or more pipelines were closed.
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RTPO Dashboard — Login page

SIEMENS
ENErGY U

Welcome to
Realtime Production Optimization Solution™

Log In

New fo Realliime Production Cpiimization Solution?

14 6/28/2022
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RTPO Dashboard — Real-time Schematic

:’;';".T' Realtime Production Optimization Solution it

; o = English =
ction Engineer

Pipeline Overview

[ TCLH (TS

?.31 mis 7 23 mis
Tower 03-
1? E

B‘I‘PASS

Reset to SCADA values m Optimize Fields £

15 6/28/2022
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RTPO Testers

SIEMENS h - . Pt : )
: Production ! : o -
ETRIEEY, euf* Realtime Optimization Solution sebbiieid s « English
Current Condensate Production: 785.7 M3/D Last Optimization Start Date: 25th of March 2027, 00:05
Optimized Condensate Production: 797.78 M3/D Last Optimization Finish Date: 25th of March 2021, 05:23 o -
© weirad e o o O o e
All wellpads v ~
Constraints and Settings
Max # of well changes Max # of route changes Max #of total feld changes
Mot Used Mot Used Mot Used
Idaxirnum Liguid Rare (M3D) Maximum Gas Rate (E3m3id) Maximumne Gas Lift Gas injection [E3m3/d)}
Not Used - define in separator Mot Used - define in separaror 250.00
Kazimum Water Rate (M3ID) Maximum Oif Rats (M3iD])
Mot Used - define in separator Mot Used - define in separator
Go to Pipeline | Edit pipeline valves “
All changes n Hide wells without changes
Well OnfOff WH Choke DP Gas Lift Static Pressure Condy Rate
Status
Well ID Surface Location Optimizer Input Optimized Optimizer Input Optimized Change Optimizer Input Optimized Change Optimizer Input Optimized Change Optimizer Input Optimized Result of Change
Sum of values
107.27 439:%2 6323 17E46 Changas Done
30497 Co2-12-081 L] an Cn o o ] 5.0 $7.1575 24247 2,252.035 2,267.767 0.7 T 0.816 0977 15.08 % A1}
32389 MO2-14-031 L] an an 33.8833 3B.B838 R 5 &85 -25 88 % 2.325.077 2,366.1605 1.77.% 16146 1.4812 -B:26 %
32473 L16-06-087 . Qn On 36.2.892 362.892 O 12.83 a0 232.5h 2.276.329 2,302.52453 1.5 2.32622 2.4086 1.96 % kat
32487 H16-06-031 ] On On 459586 46.3586 Ot 5.08 b 100 % 2.261:3936 2,302.5243 182 % 14302 14213 -0.62
32486 D1e-0s-087 L] an On 30.4593 20.4593 0 oo 4.82 o -100 % 2,271.3627 2,302.5243 1.27 W 1.2076 1.1789 -2.38 %
32937 ADE-OT-081 L] an On T1.8595 1.85%5 O 1042 40 282.88% 2,463 2968 2,461.8034 -0.3 % 0.8039 0.91:07 13.29%
3341 POZ-14-081 L] Qn QOn 259.6831 259.6831 0 % o 46743 100 % 2,314.3084 2,366.1604 2.24 0 2.1925 2:2276 16 % [ _-
o
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SIEMENS RTPO Testers - et
CNEercY Drrcketion Englnear. 1 = English

Current Condensate Production: 785.7 M3I/D
Optimized Condensate Production: 797.78 M3/D

G Wellpad Details Restore Midnight Optimization
All wellpads v Last updated on: 23rd of March 2027 by vilianuevaa iyt ~ X

Constraints and Settings

Last Optimization Start Date: 25th of March 2021, 00:05
Last Optimization Finish Date: 25th of March 2021, 05:23 o

fiax # of well changses

Blaximum Liquid Rate {M31D)

Maxirmum Water Rate [M3iD]

Mot Used

define in separator

hax # of route changes

Maximum Gas Rate (E3m3/d)

Maximwne il Rate (M3{D)

Not Used

Mot Used - define in separator

Max & of total fisld changes

Maximum Gas Lift Gas injection (E3m3/d)
250.00

Mot Used

Mot Used - define in separator Mot Used - define in separator
Reset Values
Well Head Choke Gas Lift
Status Shut-in? Shut-in Allowed? Maximum Total Gas Rate
Well ID Surface Location Current Value Min Max Current Value Min Max
I - kPaq E3ns EZm o
26502 0%-38-080- L 43.13 26.57 10000 .00 L =0 K]
.~ L2 %
78456 02-12-0 L] K Yes AT 121.52 o £.00 8 40
o8 No | | Yes | 21.9 (0] ag0a o o
—
304595 AD2-12-081 L] £ o ~___E r?ﬁ_‘% 1667.09 1266.77 10000 000 o =0 o
IpATE BOZ-12-087 L] 895.52 938.25 a00d .00 D 40 ]
= ]
30457 C02-12-08] ® ves LD [ ves L a o 10000 5.00 o 40 52 17 6/28/2022
Do2-12-08 ® | No | | Yes | 3507 2557 000G 0.00 D 4p 115
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i 24" Realtime Production Optimization Solution ° RIPOTesters s engieh -
Current Condensate Production: 785.7 M3/D Last Optimization Start Date: 25th of March 2021, 00:05
Optimized Condensate Production: 797.78 M3ID Last Optimization Finish Date: 25th of March 2021, 05:23 o s

G Realtime Production Optimization | Well level

TOW 10-14 + Last updated on: 315t of July 1999 by JBFinjtrezl 3¢

<+ New Well -+ New Pipeline

Wedl 1D Surface Location W Hide
e P ‘ ell Geometr Geometry Curve
35068 10-14-081- ¥
. MD Inclination ID Roughness W
Ambient Temperature BT U
Wl Hesd [0 m Degrees mim mm I' !
27 i
0 0 50 00457 IJ
Botwom Hole (3C 4 B
65 5.78 0 50
4737 0.43 50
Surface )
63.58 041 50 bl
Well Head Choke BN - :
= _l 85.57 0.36 50 %
= smn d l
Downhole i = E i !
+ Add Table Row |
hethod TI
Gas Lift - ] | E\
20004 B
2081
OHTC (Wi{m2 - K}) -2,500 - 5 e pRs .

G0 back to IPR Data Go to Pipeline
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Current Condensate Production: 785.7 M3/D
Optimized Condensate Production: 797.78 M3/D

0 Realtime Production Optimization | Wellpad level

il 1D Surface Location
5062 W02-12-081

IPR Table

Liquid Rate (M3/d) FBHP (kPa g)
48.0493977282884 0
47.933363754729 500
47.7834775642358 1000
47 4489787677229 1500
£F.9779535899377 2000
4B, 3677746550957 2504
45 R14B4715967609 3000
44 7137478225123 3500
£3 6589608077147 4000
42 422070233079171 4500
41.0550380232558 5000
39.4820628068794 5500

-+ Add Table Row

Cancel E Go to Well Geometry

Last Optimization Start Date: 25th of March 2021, 00:05
Last Optimization Finish Date: 25th of March 2021, 05:23

IPR & VLP curves

FBHP (kFa g)

12000

RTPO Testers ;
Production Engineer

-

Last updated on; 215t of February 2027 by JBF

54 English ~

X

+ Add New Well < Add Mew Pipeline

Hide

19
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Solution value to the Client

 Value recognized by operator from 12-month field test

— 13% increase in condensate production

— ~50% reduction in gas lift gas used (~$3.9 M saving per year)
 Operator bought most gas lift gas from 3" party
— Availability of an up-to-date model for immediate field re-optimization when upsets occur (e.g. compressor trip)

— Better understanding of impact of planned changes

« What-if scenarios explored:

— Gas/water/condensate constraints during maintenance
— Opening/closing pipelines

— New wells coming on-line

— Shutting down wells

— Lowering separator pressure

— Changing pipeline velocity limits

22 . | RDCCOM R
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Thank You

ANY QUESTIONS?

22222222222
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