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Evolution of operational (digital)
simulators
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Road to design/operations Webinars

Standard
practices, Rule
of thumb

Empirical Rules,

Early process Hand Calculations
simulators
Robust
simulators — 1D,
2D & 3D Models

Deep Learning,

Autonomous ANNs, SYMs .. .
Systems, RL Empirical equations
Computer intensive based simulators
physics-based
Data Driven numerical solutions
Hybrid Modelling Modelling

Physics + Data

Complex Simple problems,

Problems, <: Robust
Cloud based computational

solutions machines

' -
q¥ =N
d \‘Jr:ternatlonal
’ -,




Physics based modelling Webinars

‘ 3D Models

‘ 1D Models

r;:' AX Frase Mass
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Data driven modelling =

Webinars

Data Driven models with different degrees of freedom
* High Bias Model

— Linear or Logistic Classification and Regression Models (requires sparse data)

— Quick to train, interpretability is high with low variance

— Struggles to capture the behaviour of non-linear physical phenomena _
* Moderate Bias Models "

— Support Vector Machines or shallow neural networks (requires limited data)

— Training time is limited, less interpretability & higher variance compared to high bias
model

— Can capture many non-linear behaviour
* Low Bias Models
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— Deep Neural Networks (ANN, RNN requires large amount of data) i \ !
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— High training time, requires parallelisation, very limited interpretability

vt of Dt P

— Extremely flexible models to capture complex behaviour of systems
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Ref: Friedman J., Hastie T.,Robert T. The Element of Statistical Learning, 2" Edition, 2008



Hybrid modelling Webinars

¢ Combination of Data Driven and Physics Based Models

* Tuning Parameters in Physics Based Models _ ar IR TR
120 | ) I | ':" Y

— Requires domain knowledge to identify parameters TR . |

— Automated optimisation solution to obtain the tuned parameters

(1. f
— Degree of flexibility dependent on SME defined models - After3rd Stage
1 RMSE : 3.45

0 5000 10000 15000 20000 25000

* Combination of Simulated and Real field data for Al models

— High complexity models (typically ANN) trained on synthetic data Synthetic data Field data Hybrid
generated using simulations Model

— Trained model captures the physical behaviour of the system

— Transfer learning techniques to further tune the Al models using real-data
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Anomaly detection o~

Webinars
[ Modaled Qe v.,n,,uwwmﬁmw'mﬂ . ''''''
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* Model Based Anomaly Detection = _F i~ [\ — -
1 Measuned i ‘J‘J \\
— Benchmark physics based model Pin Qo IR
_ Compa rISOH Of mOdE| predICtlon VS real_fleld Error sghals Field—spec[ficsfatistica/modelto assess M{het'f;erabser‘/ed
P P B ; events are unlikely to represent normal pipeline behavior.
n® in Mewd ane detaction
data U_, e qnut Mped bath far lacation
— Typical used in Leak Detection, predictive - oy 3
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Operational digital transformation =

Webinars
Current Future

Cloud Cloud

Enterprise repgrting & Enterprise reporting &
Traditional engineering consumption Open platforms — Al consumption
applications Digital S stochastic solutions Digital Value Business
Cloud pIatforms Value Apps Increase in available Platforms Apps
becoming normal Platforms applications
Dgpendence on Enterprise data lake More dgta, and data Enterprise data lake
Historians to channel types, direct to Cloud
traditional data via lloT

Historian

Historians & MES I

Edge Edge
Large DCS lloT Smaller DCS

Hardware dominated DCS Growth in 10T c;:::; /
CAPEX heavy Growth in Edge L

OEM dependant solutions




Getting ready for energy transition
for H2 and CO2 capture

1. Digital Twin Technology for H2 Transport
2. Digital Twin Technology for CCS and Transport



Digital twin technology for H2 transport



Opportunities across the hydrogen value chain ;==

We see significant challenges
and opportunities across
hydrogen value chain:

Making it.
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Webinars

BMS System
- ‘ Normal | Manual ‘ Real-Time Lagged Online and Plant Process Summary
FRaw Flowrate, Filtering Blend Forecast Models
and Chromat
. (TYP}
viking L ny
47,55 4382 MMYm3 Jevre—

Wobbe

10,00 mihe | CovioTagel |

Predictec

47.55 MM1/m3 il
fm Copy ta Target — ‘; e B - 1 Sales Wab
Higlorized
Fikers Data
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Remote
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Options MM1/hr MMSCFD Fterad Wobbes and Flowraies Reconciliation Models
30.00 675.0
36.00 8100 l
20,90 470.2 i l
14.24 3204 | 8, ‘Handler
30,00 675.0 Wobbe Control Medule.
|| |Comestians Calculated for Flowrases. | shutdown S
1424 294 v ana Wobbo Values (TYF] o .
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Naithromat)|  « e —

14.24 3204 Advanced Reconclialion * o2
LT Measured
[« Ci Sales Rales = —
Chicmats :

1000000.00 J/m3/s

*  Wood provided a BMS system for the client in the North Sea Region:

L]
B I e n d I n g — Tracks the blend of CO,/N, and the resulting Wobbe.

e Significant penalties, if deliver off spec gas.
* Some of the fields had gas which contained 18% N,

IVl a n a ge m e n t — the fields by themselves could not be developed.

— Mixing with good gas, client produced an extra $6 billion of revenue.

— System tracked and blended gas from 5 different fields.
Syst e I I l B IVI S — With very little modification, this system will work for H,.

* There has never been a case of getting bad gas into the network
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Themo-physical properties - H2 vs NG o~

Webinars

Gas Density (p) as a Function of H, Concentation for Different EOS

Conditions: 20 °C and 60 bar.a
50

e Gas density is important for predicting pressure drop
in pipeline networks —

45 ¢
——AGA8

IS
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——GERG 2008

e Our work and literature show error in density
predictions with H, mixtures can be around 2% higher
than acceptable for custody transfer;

Gas Density (p) [kg/m?]
(23 w
o (4]

e Lack of data for wide range of multi-component
mixtures which include H, 2 1

wood.

20

0 5 10 15 20 25 30 35 40 45
H, Concentration [%]
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Themo-physical properties - H2 vs NG

N
_
Webinars

J-T Effect Speed of Sound Thermal Properties

Speed of Sound as a Function of Density for Varying H, Concentration

ST

* More H, leads to less JT

)
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Speed of Sound [m/s]

GERG 2008

~+-0% H2

+ 5% H2

—+-10% H2 -=-15% H2

wood.

80 100 120 140
Gas Density [kg/m?]

H, concentration has a large
effect on the speed of sound
within a normal pressure
operating range

Heat Capacity Ratio (Cp/C,) as a Function of Pressure for Varying H,
Concentration - GERG 2008
1.55

&
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—+-0% H2 ~ 8% H2 o
——15% H2  —-50% H2
—+-100% H2

-
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o

Heat Capacity Ratio (C/Cy)
B

-
©
o

- ! ‘ wood.

20 30 40 50 60 70 80 90 100
Pressure [bar.a]

e Compressor temperature
calculations will be complex
and uncertain

Energy Content: On a volume basis, H, has a lower energy content than natural gas



Virtuoso® - Industry Accomplishments

Delivered field-proven solutions for design,
asset operations management & optimisation

Ensured delivery of over 200 BCM of natural
gas to Europe since 2012.

Monitors and assures 10% of the world’s gas
supply and 30% world’s LNG and the largest
CO, injection system in the world and has
been further advanced for H, tracking.

@Virtuoso
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e Standard natural gas models wont work. Use the right tool. MPEOS required- we
recommend GERG 2008. Compositional transient modelling required

St

¢ Will need to be updated. Need to correctly account for composition, use different
models and factor in GC capabilities

e There are currently significant gaps in the data; understand what are the uncertainties
and how will they impact, ops and commercials

Karroun Hill'NR: 31t August 2019
’ 5 Source: J. Holbeach




Digital Twin Technology for CCS



The status of CCS (2020)

Today, there are 65 commercial CCS facilities: ‘ %‘-’J’

.
3
®

wegtdt. S Sep o 0
s ; :

26 are operating; <

Two have suspended operations — one due to the ;
economic downturn, the other due to fire; y _ sk,

Three are under construction;

13 are in advanced development reaching front end

COMMERCIAL OCS FACILITIES N @ PILOT & DEMONSTRATION
i i i . OPERATION & CONSTRUCTION FACILITIES [N OPERATION
engineering design (FEED); " & AN OMRNT
COMMERCIAL CCS FACILITIES
. N DEVELOPMENT ® PILOT & DEMONSTRATION
21 areinea rIy development. FACILITIES COMFLETED
OPERATION SUSPENDED
Ref:

Meeting the goals of the Paris Agreement require:

Capture facilities to increase x 100 to > 2,000 by 2050 (70-100 built each year)
200,000 km of pipeline by 2050, with an average pipeline build rate of 5,200-7,200 km per year
400 storage sites would be needed with 10-30 being established each year (capacity of 1 BCF of CO,)




Hubs and clusters (2020)

In 2040: 35E12 kg/year =1.1

Million Kg/Sec

This means world will need
10,000 storage facilities with
capacity over 100 kg/Sec

(200

MMSCFD) or 100-300 CCS units

per year.

-
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STORAGE TYPE
Y DEEP SALINE FORMATIONS
@ ENHANCED OIL RECOVERY
DEPLETED OIL &
GAS RESERVOIRS
W VARIOUS OPTIONS

CONSIDERED
INDUSTRY SECTOR ACTL
B coAL FIRED POWER 17-14.6 MTPA

@ MNATURAL GAS POWER

B naTURAL GAS PROCESSING
I FerTiLISER PRODUCTION

Bl +voroGEN PRODUCTION
IRON & STEEL PRODUCTION

£ TROCHEMICAL

R Tio!
El cement proDUCTION
W WASTE INCINERATION
[ ErvANoL PRODUCTION
@ EIOMASS POWER

DELIVERY

& PIPELINE

k= SHIP

=5 ROAD

@) DIRECT INJECTION

o NORTH DAKOTA
CARBONSAFE
3-17MTPA

S Hb

Ref:

>

L 2

Webinars
INTEGRATED MID- CARBONSAFE —® NET ZERO
CONTINENT STACKED ILLINOIS MACON TEESSIDE
CARBON STORAGE HUB COUNTY
1.9-19.4 Mipa 2-15 MTPA 0.8-6MTPA
L= - 1 GOHEA & =

15- 18 MTPA
somonK

PETROBRAS SANTOS
BASIN CCS CLUSTER
9 FPSOS - 3 MTPA

1 I8

NORTHERN
LIGHTS
0.8-5 MTPA

(11) porTHOS
2-5MTER

OB Y b s s

@ GULF OF MEXICO CCUS HUB @ ZERO CARBON HUMBER

6.6 -35 MTPA UPTD 183 MTPA

Ok

SHIEFKIN &

OOHENEY &=

1a) JINJIANG JUNGGAR
BASIN CCS HUB
0.2-3MTPA

301

L——(32) aHos

1-B MTPA
OMEND
e b W5

(15) carBONNET
2-8MTPA

OTHEN &




What Wood does =

Webinars
Full-chain experience, from Carbon Capture to Transportation and Storage

Drying &
Compression

Lean
Solvent

pressure
P (bar)
g

Direct

Gas Contact 10
Cooler

Excess

Water 200 250 350

300
temperature
T(K)

Carbon Capture

» Pre/Post/Oxy Combustion » Transmission pipelines & gathering networks (onshore, » Well integrity modelling and assessment
» Physical, Chemical and Hybrid solvents offshore, liquid/gas/dense phase), > Specialised flow modelling, CFD
» Novel technologies including membranes, » Ship transport (CO, liquefaction, jetties, storage) » Transient operations modelling
adsorbents, physical separation, fuel cells » Materials and corrosion » Design & Modelling of CO, injection operations (online
» Licensed technologies evaluation » Dynamic behaviour & offline)
» Novel technology assessment » Flow assurance, CFD modelling, » CO, injection into aquifers, water chemistry/ salinity

» Direct Air Capture & Bioenergy CCS considerations

from development to decommissioning
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CO, injection monitoring

Wood’s Virtuoso:
Manages CO, injection process and monitors operational integrity

Virtual Flow Metering

Models flow from the outlet of the compressors to the bottom of the
injection well

Handles steady-state and transient operations

Online Monitoring and Forecast/Advisor

* Operating Envelope Advisor
* Captures system behaviour during steady state and transient operations.

* Monitors and tracks water content, pressure and temperature, BTEX, and corrosion
rates along the flowline and provides well integrity status.

* Incorporates Wood'’s specialised CO, / water thermodynamic model for improved
thermo-physical property predictions at various conditions, including impact of
impurities and contaminants.

Planning Engineering Simulator / Tool

[
“+ sANAREE A i

Industry accomplishments

Delivered field-proven solutions for design, asset
operations management & optimisation

Ensured delivery of over 200 BCM of natural
gas to Europe since 2012

Monitors and assures 10% of the world’s gas
supply and 30% world’s LNG and the largest
CO, injection system in the world




Typical CO2 storage plant Nl

CO2 Pipeline
Position 0.0 % [ Total Mass Rate (ka/s)
Mass Rate | 0.0 kg/s | compressor | 1nto Drill centers | Diff [ vented | 1mto wells
Temperature | 18.0 C | 1033 | 103.4 | -0.1 | 7.3 | eea
Er— Vent Before Choke After Choke | Perf
Flow | Choke | Pres. | Temp. | Choke | Flow | Pres. | Temp. | ‘yame | Pres. | Temp. | Pres. | Temp.
3K-1901A W | 3K-19018 M Vent ka/s % kPag i % kg/s | kPag c KkPag c kPag c
Actual Mass Rate 37.0 kg/s < 0.0 0.0[11150.0| 560 100.0| 12.8[11150.0| s6.9| P<q [19080.8| 89.6[10000.4[ o92.0
Inlet Temperature 60.2 C P | cIs 0.0 0.011079.4| s6.0| 307| 15.6|11070.4| 560 D> [19002.3| o0.9|19800.6| 2.2
Iniet Pressure 11764.7 kPag c1o 0.0 0.0 11167.8| 258 100.0 0.011167.8| 30.7| B> |18923.6| 92.6|19898.7| 948
H20 Conc 640.8 mg/sm3 P N
HIBCCohc EhHipp) Pressure | 11181.2 kPag
Temperature 57.6 C
Compressor 2 Inlet Network =
Pressure B3 0.0 0.0[11099.2[ ss2| 999| 15.3[11090.2] ss1 19999.3| 92.4[19899.5] 938
k1207 AT I | ket c01E T (kPag) B14 0.0 0.0 11120.3| 58.3| ©99.0| 14.9|11120.3| 58.3| P><] |16858.0| ©2.019899.5| 3.7
Actual Mass Rate S 3lols 11236.8 B15 0.0 0.0[11147.0| 22.2| 1000 00111470 307 P [18764.3| 84.5(10808.7| 864
IMECIRmBERIHE ZOHE Dot b B-16 73| ass9|117143| 61.3] s01| 16.1(137143] 13| <1 |20176.6| 93.6|19899.4 o4
Inlet Pressure 11756.0 kPag e S
H20 Conc 700.0 mg/sm3 Prese [
ot Rippm Temperature 58.8 C
Compressor 1 Inlet A1 oo oof113e15| s8.8[ 1000 10.8[113615] 587 B><I [20015.4] 91.4[z1400.8| 943
1K-1901A W 1k-10018 W Vent AT2| 00| 0.0[113556| 58.8] 100.0| 10.9 (113556 58.7| D><1 [20043.4| 91.9[21499.4 |
Actual Mass Rate 32.0 kgfs - Mass Rate 21.5 ka/s
Inlet Temperature 700 C | Pressure | 11374.7 kPag
Inlet Pressure 11802.4 kPag Temperature 60.2 C
H20 Conc 700.0 mg/sm3
BTEX Conc 5.5 ppm
Position 05 f Upstream Downstream
TR T Mass Rate | 105.5 kg/s 105.5 ka/s
emberaiie [DEO0 E Temperature | 62.4 © 62.2C
Pressure | 11615.3 kPag__ | 11615.3 kPag
Compressor State Legend b2 681.0 mg/sm3
Il Normal [ cutback Wl off BTEX 5.0 ppm

)




Well modeling and monitoring
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CO2Z Well Instruments

Details | | Tuning | |Summary|

 Legend 1
[ Goed [Juncertain [0 Bad [ Frozen [ Overnde [ Inactive |

~Valve Position
Valus Uncertainty
%
019-HOV0120

D of Choke
TotatMass rate [ G kgls ]
ol = S -
LM wv nov
Pressure
Walue Uncertainty Error
ACHVE  (kpaz) = (KPa) (KPa}
019-pzI0121  [] [ 100841 1000 | 0.0
Filter [ 1oossc [ 1000 | ] |
Temperature
" Value Uncertainty Error
Activ .
Rl £ (C} © .
owoTi012t [ [ 464 | 20 [ 00
Filter [ ea | 2o |
Pressure
Valug Uncertainty Error
AV (paa) +(KPa) (kPa)
o1epr0123 (V] [ 228538 || 1wo [ oo |
01910129 [v| [ 228538 1000 0.0
morv0127 [V B 100.0 0.0
ospc-0120  [v [[228588 || 1000 0.0
Filter 228538 | 1000
Temperature
2 Valus Uncertainty Errar
Adive ey <0 ©
019710122 [V 8L0 10 0.0
019710129 [V BL.1 10 0.0
Filter U ET

Fiter bar

— Pressure
Walus Uncertainty Error
AN (kpaz) = (k) (kP2)
019P1-0125 13523.0 100.0 0.8
Filter [ 13stee ][ 1m0 | |
T
: Walus Uncertainty Error
S ) (0 (<]
019710120 [ 54.1 | 0.0
| Fier o1 | 10 | |
Mamifold Pressure
. Walus Uncertainty Error
Adive  (paa) = (kpPa) (KPa)
019P1-0933 13540.8 100.0 78
p1op1-0017 || [ 135576 100.0 7.8
Filter 13546.2 1000 |
Manifold Temperature
. Valus Uncertainty Error
Adiee. oy £(C} ©
ootz W [ 549 [ 10 [ i ]
019710928 [V 55.1 1.0 0.1
Filter [ ssao 10 |
Apply

Webinars
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Modelling tools / limitations Weamars

* Success of operation relies significantly on accurate P st sy
understanding of fluid composition, flow behaviour.

* Most thermo-hydraulic modelling tools are limited and
not tested for transient operations of CO, rich fluid. na

*  Online Monitoring Tools could support the operation
significantly and reduce some level of conservatism.

S T R -
PCUR/LIQUID
S00 |- TRANSITION

Mass density [kg/m’]

- P ﬂ 0

i
AR S R B P S (S . .|
8
0 50 100 150 200 250
Pressure (bara)
B

// =95 mol% C0O2 VAPOR-LIQUID PHASE ENVELOPE WITH THE EPR EQUATION. e ] [=]
ricondenbar

://y// v
VW

Pressure (MPa)

TWO-PHASE

Pressure (BAR}
GHENESEEER S8BT RINE

-
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8

01234567 8 910711213 14157617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40|
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Leveraging of data for smoother
operation of assets

1. Various use cases
2. Deep Reinforcement Learning (Bonsai Technology)

3. VMS Lite



Slugging prediction vecbinues

The system consisted of multiple wells and manifolds; slugging | =B - R
(large pressure swings) occurred from time to time due to flow
changes.

The model development included rule-based identification of
specific transient events and mapping those with classification
metrics.

A LSTM (Long Short-Term Memory) RNN (recurrent neural networ
model was trained based on training set using multip
hyperparameters

Input recent historical
data to predict liquid
flowrates and slugging

10 tendencies)
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|

Used all available instrumentation (P,T,Z,0P) from perforations 12

manifolds to topsides “—‘TH‘_Y‘

Trained the model with ~40 variables such as pressur * NPUT I !

temperature, valve positions etc. , .‘='i.ﬁ|0UTPUT

The model relied on real time data using parameters extracted from ol H | H o g
the PI historian to predict the results in future. o1l Threshold |
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Leak detection =

Webinars
Large (40”) line supplying has to power plant; flared at 2-3% of flowrate

Exploits available instruments: flow, pressure & temp.

Zone Summary - Zone 6 Station W2

Meas. Filtered MMSCFD

Tnlet.
Tnlot Gas Volume Rate Outlet

* Designed for steady-state and transient flow conditions

ot Calculated MMSCFD piot__ || |[pressure Used barg
Pressure Gas Volurne Rate Meas  Filtered MMSCFD. Temperature Meas. Filtered C
Difference EIfTSLEnEE DS [ es Volume Rate | S202UIEtEE 493.1 MMSCFD
. . . . T Meas, Filtere Leak Detected Leak Summary Meas. Filters: MMSCFD
* Field-proven for multiphase operations, as well as single-phase (gas or . =
liquids) pipelines -
Leak Location To ke -
High Pressure Alarm =
° Embedded or standalone Statistical Leak Detection Technology. RTTM model enhanced Lo Pessrs =
with statistical analyses to maximize
responsiveness and minimize false alarms. small leak (<15 mmscfd) flare initiated near inlet of a 60 km pipeline flowing ~ 450 mmscfd
Stochastic field data handled by time-domain matrix of ‘error signals’ subjected to field-specific
*  Test conditions statistical analyses
* Line operated on pressure control - .
* Plant free to consume gas at will e e - |
.
*  Plantincreased consumption during test *
P & o
*  Flare rate varied during test i 3
H :
*  Visually observable signals due to unpacking. St
* Leak detected first on pressure mismatch . ’_I .
* Leak located accurately, near line inlet * 5
No false alarms before or after test oo e

Time (minutes) o 50 100 150 200 250 300 350 200

Time (mintes)

Field data and model predictions during 2% blind flare test in a large gas pipeline network, successfully
completed by an existing Virtuoso installation in the Middle East.



Choke valve failure

* Used operational data on Cloud using Cognite Data
Fusion to derive insights about XT performance.

* l|dentify key discrepancies between failing and

operational wells.
* Monitoring and alerting for anomalous events

* Enhanced visualisation and analytics useful for

rigorous monitoring.
* Aggregating data and presenting more detail
* Determining anomalous XT operation
*  Count of valve actuations
*  Monitoring cool down curves

* Riser depressurization

* And anomaly detection tool to identify outliers
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Process monitoring Webinars

3 Party Process 3rd Party Pipeline

* Integrated Production solution covering both optimum use and Simulator Simulator
distribution of Gas Lift and dynamic modelling of the liquid handling
capacity of an entire oil field.

Leveraging CDF Data Lake to process and monitor plant performance

Integrated Production Monitoring

Cognite Data Fusion

* This required the use of industry standard process simulation software
and production network model

* Fully automated workflow coupling process simulator and data driven Data Processing

solutions with network model for full field optimisation runs. This

integration was done through Cognite Data Fusion.

Online System Integration with Process Twin

*  Workflow solution using CDF to extract historian data '
OPENSHIFT Onhne wood

* The orchestrator allows industry standard multiphase simulator to orchestrator
receive scheduled live data from CDF for monitoring cCD F

*  The simulations results allow close monitoring of process changes and . rT
increased foresight into operations. 3% Party

S
P
4 II Internatlonal ;

Multiphase
Simulator




Deep reinforcement learning (Bonsai
technology)



Bonsai - Building brains for Industrial Control Systems

Combining state-of-the-art techniques in DRL, simulations, and machine teaching

&

Reward

A ddd State

Action

‘i

45 Applied Intelligence - Intelligent Operations

How does it work?
DRL trains a brain through practice
Training a setup in simulation

A brain explores different
configurations (‘actions’) to achieve
an object (‘state’)

A brain in rewarded for achieving the
desired state, penalized when it
doesn't

Machine Teaching injects useful
subject matter expertise into the
training process to accelerate the
learning

How is it deployed?

Train the brain by connecting to
simulation models and running
simulations

Deploy brain in the field and connect
to control systems

Deploy decision support system to
allow system to run autonomous
mode or to provide inputs to
operations

wood.



Complex Gas Lift Optimisation

Business Problem

Complex production system utilizing
gas lift has many competing
operational targets, such as olil
production and gas nhominations.

Gas lift rates are used by operators
to meet these targets but also have
an effect on operating costs, such as
fuel gas and compressor running
costs.

It is a complex challenge for
operators to run the system in an
optimal fashion while not violating
any operating constraints

A TO SEPARATOR TUBING
.2 .

INJECTION GAS »

CASING

FORMATION

« TO SEPARATOR
TUBING
.2 .
INJ :

PO i
ROIRT OF IRECTIIN

“50 Wells, 4
Well Pads,
30km
gathering
lines.
Optimum Gas

Lift rates for
each well a
challenging
optimisation
problem”

woo0d.




The Solution

Gas Lift Optimization

Bonsai
+ Deep Reinforcement Learning
» Al-based industrial control
* SME-driven & Simulation-driven
+ Complete toolkit
* Can be taught to handle failure
modes

Virtuoso
» Transient multiphase flow simulator
+ Virtual flow metering
* Heat transfer modeling
* Physics-based models with data-
driven tuning
« Can simulate normal and failure
modes

@Virtuoso

LQVirtuoso

Solution

Train a Bonsai brain
that is able to
balance the
Optimization
objectives:

Gas Export Sales
Oil Export Sales

Penalty for Missing
Gas Nominations

Fuel Gas Costs

Running Cost of
Compressor

Water Disposal Cost

wood.




Benefits & Considerations O - S -u—

[Daws [Average Opersting Days |Expected Gas Lift Usage Improvement Annual
& > ® 50 Ispn il Produced per Well Averags
100 MMECFD  |Gas Produced Caleulated Units Caleulated rtem
Typical Project Benefits =_g o —
& S & 12,000,000 |USh 0l Revenva lmpravament Annusl
£ 2 MMSCFD |Gas isage Improvement.
i 0 5 3.00 |usp |Gas selt Price S 1,800,000 [U5D |Operating Cost [mprovement Annual
5 0,51 |Ush {Oparating Cost lmprovement per farral
* Increase oil recovery by 2 - 10 % s o o el
50,000  [BPD Oil alume Frody Day
- 0 10 MMSCFD | Gas Consurisd Input Units Othar Ita il
001 |MMSCFD [Gas Lift por Barrel Rasocad Capital for Demand fleduction
* Reduce gas lift by 10 - 30 % = s
& 600,000,000 |USD annual Ol Bevanue Fuel /! Electricity Reduction
§ 1,000,000 [USD ity Diptatins Cost Raducad Compressor kental

* Increase sales gas and lift capacity oot -
* Reduce compressor wear and tear e
» Utility cost reduction

[ Nawe Annual Oil Revenua
N dnnual Operating Cost
N Dperating Cost per Batrel

Significant value to operations
* Greenhouse gas reduction with reduced manning
* > 1100 Tons of CO, equivalent per day operating 100s — 1000s of

* ~100,000 cars) wells.
Increase in margin of

US$100M to $1B over 10 yrs

Applied Intelligence —Intelligent Operations
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Training program Webinars

Most Important Part
Give “The Brain” Lesson based on Typical Behavior in the Plant

For This System we had 18 Lessons where the following items are varied on
a hourly cycle and simulated 35 days of field behavior

» Which Wells are Online
> Gas Nomination
» Network Pressure

Each Lesson had 1600 points and in the End Bonsai required 75 million
iteration to train.

Model must be fast and modular to Run on 25 separate Instantous at One
Time




Demonstration of improvement when brain is turned on =

Webinars
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VMS Lite



What is Vms Lite ? =

C o
Webinars
DESCRIPTION RATIONALE PROCESS
(VMS) is a model-based inferential Knowing the flow rate is critical By collecting data from the
multiphase metering package that to detgrmlnlng how a well 'S,’ sensors in and around the
continuously calculates the gas or producing, the value of a day’s wells. Using Empirical
oil flow rate from wells. production, and how much oil or Equations & Machine
gas remains in the ground. Learning Methods
OUTSIDE PARTNERS BENEFITS POTENTIAL
With the use of Machine Learning to c
. . i be scaled to multiple fields with
Companv: Neal Analvtics (A M it automate the process of VMS Lite an _ _
pany Partaanl)cs (A Microso tuning, reduces time by 80% & also reduceq manual mterve_ntlon. Can be
increases the accuracy in determining made into a product with scope for

the well flowrates. user customizations.

g -\"
%Pég
d \‘Jr:ternatlonal

’ -,




Empirical relationships for each well & tuning =

Webinars
parameters _.‘ Reservoir Model
-— *
— Combined Gas Mass Flowrates from reservoir & choke
models
o L Temperature Correlation as a function of Gas flow rate
-7—>‘ Final Well flowrate at a time (t)

—»‘ Flowrate Error (Error 1)
Commingled overall |

- flowrate L Temperature Error (Error 2)

L » Objective Function- Minimize RMSE




VMS Lite Python model in a nutshell =

Webinars

Stochastic
Gradient
. Input Data & D t Constraints &
Empirical Models to escen .

. Algorithm - Error Function

determine Well
Stage 1 & Stage
Flowrates 2

Feature Scaling,
Sampling &
Bootstrapping

Determining the
Curtailment (Well Shut-
in) Periods




Importance of curtailment period
determination Webinars

VMS Lite is analogous to the
problem of trying to determine the
resistance of each resistor in the
parallel circuit below given the
voltage across all resistors and the
sum of all currents.




Constraints =

o
Webinars

In addition to minimizing the cost function, other conditions must also be satisfied by the
parameters not described in the governing equations. These constraints are:

PRES >= PSKIN >= PRES-20E5

Where,

e Pskin - Pres + 20e5 >= 0 PRES -> Reservoir Pressure
PSKIN -> Bottomhole Pressure

 PBC + 35E5 >= PRES >= PBC PBC -> Pressure before choke

H -> Reservoir Pressure Head

L)

90ES5 >=H >= 70ES

To both minimize our cost function and satisfy these constraints a sequential-least-
squares-quadratic-programming (SLSQP) algorithm was employed allowing constraint
functions to be passed as arguments to the optimizer. (scipy library in python)




Tuning & modifications =

Webinars
Addition of Temperature Error

Changing Constraints

Changing functions to fit
for a new field

Excluding tuning
Parameters from the
Algorithm & calculating it
as a part of the empirical
equations

\/

Analyzing Well Mixes




Results — stochastic gradient descent =

Webinars

150
150 | I 1 ""..
15 El [

100

“1 After 2nd Step of 1st Stage SGD After 1st Stage SGD

- N B ® B

=1 RMSE :13.53 RMSE : 5.56
w | After 2nd StaPe SGD
RMSE : 3.45

s000 10000 15000 20000 25000

=8




Increase in accuracy =

Webinars

94-95% 95-96%

o () )
90-94% 93-95% 96-97%
VMS Lite Excel Excel Tuning Python SGD Python SGD After Tuning
Based Model. Method by Stage 1 Stage 2 Modification &
Products team to Algorithm from Algorithm from Improvements
find Tuning Neal Analytics Neal Analytics

parameters to
obtain a global
minima.
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Production monitoring

1. Production monitoring and surveillance
2. Meters factor / errors in production allocation




Production monitoring and surveillance



Asset Performance Management (APM

APM (Asset Performance)

Pre-Com /
Commissioning

® Upstream/ Downstream APMs
Operations Integrity & Optimization
Online Performance Manitoring
Emissions (Flares & GHG) Monitoring)

l. ' Virtuoso WOOd E NViSion Process Digital Twins

Flowlines &

L]
LE' Pipelines
1 - 9

Manufacturing
Facilities

Processing Facilities

Data/Process
Analytics

-
M‘.P%
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Advanced

Process Modeling




APM - process twins during o

On-Line Asset Performance Monitoring

Environmental
Compliance /
Carbon Footprint

Process Data

SCADA/DCS o
Historian

On-Line Operations Monitoring

' -
d \‘Jr:ternatlonal
g -,

Field /O

Emulated

Process / Plant

Simulated

Control Room 1/O

Emulated

VP Link

nerations

On-Line Asset Performance Monitoring

Webinars

Data Ingesticn & Access Control

A

SCADA/DCS

Process Data
Historian

Environmental
Compliance /
Carbon Foctprint

Prescriptive
Maintenance

Process / Ops
Optimisation

Planning/Schedule
Optimisation

Smart Technologies

Process & PIanning/SchgduIing Optimization




Southern North Sea —
Production Optimization and Gas Blending Management Webinars
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Meters factor / errors in production
allocation



Oilfield MPFM =

o
Webinars

* VMS tuning reveled discrepancies
between subsea MPFM and Topside

Volume Rate at Separator Conditions

MPFM.

* Verified composition and tab files

— Found some discrepancies with tab files
being used and latest provided by client

— Did not resolve volume rate
discrepancies. — Separator

. . . . — SMN 14
e Discussion with client revealed some 1

15000 -

(FFT A Yraiy mqr 1 I1|'||'I'IIII | l‘

10000 |

Yolume Rate (bpd)

Mar 02 Mar 02 Mar 18

concerns with accuracy of the meters
and recommended using separator
meter flow rates as reference.

S\




Oilfield meter factor process =

Webinars

* Split measured volume rate in time based on routing

— Determine when each well and flowline is aligned to a given specific separator
* Calculate a flash factor to get topside on the same basis as separator condition

— Subsea volume rate at separator conditions already provided by VMS

QSeparator,VMS

Flash Factor =
QTopside,VMS

QFlashed = Flash Factor QTopside,Measured
* Meter factor is the ratio of separator volume rate to flashed volume rate (topside or well meter)

— Average of ratio to eliminate noise

. QSeparator,Measured

MF =

QFlashed




Qilfield MPFM round 2 =

* Topside Meter Factor

— Calculate Meter Factor
JKS-01 Meter Factors

f — JKS-01toTrain1
— JK5-0110 Train 2

1.2

| — JKS-01to Test Train

1.1

Meter Factor

09 ===

0.8

1 1 1
Mar 30




Qilfield final results =

Webinars
*\Volume rates for all meters at stock tank conditions

Comparison to LACT

100000

Y
r = Total Separator
| —— Topside Meters
80000 |
Subsea MPFM
= I
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