Angola LNG Integrated Online Transient
Simulation Solution for Subsea Pipeline Operations
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Challenges for Operations

Dense Phase * Varying Compositions
Operation + Ensuring Nominations are Met

 Future Presence of Sour Gas and Acid Gas

Corrosion » Difficult to Inspect or Use Corrosion Coupons

» Large Transport Volumes
» Limited Isolation Valves

C * Subsea Pigging
Plggmg * Infrequent Pigging

* Costly to Manage Unanticipated Liquids
* Costly to Remediate Hydrates

Hydrate and Liquids




Integrated Simulation Solution — Software Packages

DLGA

« What-If Planning Tool

Real-Time Monitoring for Multiphase Flow Situations
Hydrate and Dew Point Monitoring
Pig Tracking



Integrated Simulation Solution — Pipeline Management System

Results =
: ]
e Multiphase User Inputs] E
» Compositional

Field Data Transient Models
—




Integrated Simulation Solution — Pipeline Management System

Real-time Mode What-If Engineering Tool

«  Monitoring Snapshots

X  Planning
« Composition _’. Forecasting
Tracking Production - Expansions
Scenarios
Models and System

» Data Validation
& Calibration

 Engineering
* Model Updates




Dense Phase Operations Solution

= Fully Compositional Model
= Dew Point Monitor

= Delta T (C)

= Delta P (Barg)
= Survival Time Calculations
= What-If Tool for Production

Scenario Evaluations
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Pigging Solution

WY ’ EXECUTE

What-if Engineering Tool Pigging Monitor

= Simulate Pig Travel Times " PredictArrival Times

= Test Different Flowrates And = Track Pig Location And Velocity
Pressures In Real Time

| Receiver
| PRES 153.1 barg
\FLOW 368.8 MMSCFD

Block 15 Pig Data
Launch Time 5/27/12018 10:34:41 PM
Estimated Arrival Time 5/28/2018 9:58:03 AM

Angola LNG Velocity 214
Distance to Receiver 1239

‘ 1 Distance from Launcher 1.8
— A

Liquid Surge Estimate 0.0




Pigging Performance
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Pigging Monitor
Receiver Block 0/14 Pig Data
PRES  123.8 barg 121112018
Launch Time 10:45:12
Fp— e A FLOW 196.4 MMSCFD e
PRES 13456 barg PRES  130.4 barg PRES  129.4 barg Estimated Arrival Time 121112018
5:06:07 PM
FLOW 209.4 MMSCFD FLOW 190.f MMSCFD FLOW 191.2 MMSCFD Apacia LIC
N Velocity 1.7 mis
Distance From 0.2 km
South Nemba A  fmmmmmmmmmmms  SubSea Tie-in  messsss——— NPP P — SPP Launcher g
Liquid Surge Estimate 0.0 Sbbl
= Block 15 Pig Data
Receiver
(e 12/30/1899
PRES 139.4 barg Lo 1:00:00 AM
Launcher FLOW 2642 MMSCFD Arrival Trme | 123011899
PRES 179.3 barg 1:00:00 AM
FLOW 231.€ MMSCFD Angola LNG Velocity 0.0 mis
Distance to Receiver 0.0 km
»
Elstanoe From oo
auncher
PLEM 158 S5 2
Liquid Surge Estimate 0.0 Sbbl
L Block 17/18 Pig Data
PRES  157.5barg
Launcher Launcher 12/30/1899
FLOW 281.Z MMSCFD Launch Tane 1:00:00 AM
PRES  200.8 barg PRES  169.0 barg Ctimated Avrival Time 123011858
FLOW 172.4 MMSCFD FLOW 168.4 MMSCFD Angola LNG 1:00:00 AM
Velocity 0.0mis
. »
Distance to Receiver 0.0 km
PLEM 17B/C ey yrs PLEM 17D S —— PLEM 3A .. PLEM 2A Distance From 0.0 km
Launcher £
Liquid Surge Estimate 0.0 Sbbl
Launcher
PRES 2172 barg
PAZFLOR Block 2

FLOW 132.C MMSCFD
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Dew Point Monitoring

PLEM 17B/C to PLEM 3A Pipeline
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Flowline Status

FT-12 I Dew Point Temperatur "
AdVISor Summary H MeOH 0.0 ppm Max Hold Up o:o- i :::"‘;ﬂ Sk : H
233.1 barg aa°c Elapsed Time S Location 63.7 km Pressure 21.7 d-bar 1 155.1 barg 36°C
: D Fow 102.3 d-°C :



Hydrate and Liquids Solution

Flowline from PLEM 15B to AnLNG
| Flow | P/T | Hydrate | Liquid | HC | Inert |

Profiles

|>

PMS.PLT-XXP-58308-01D.PY 6{°C Flowlline (PLEM 15B - AnLNG) - temperature pro...

NN EEN EEN NN NS SN BN BN BN SN NN S BN BN BN BN N S S SN BN SN SN N B BN BN BN S NN S S S BN S SN S S B SN S .

!

Te m peratu re PMS PLT-0(-58308-01 PV [ 0]ppm Fiowlline (FLEM 158 - AnLNG) - MEOH concentr... | v \I
m . faiw °C - ppm TBSgnSCr 125/10 3:56:01 PMI2 ms| 08 v

. 50.0 13490 1 100 1500 (878384 & |

Hydrate Formation l A~

1100120901 86 {1200 {70258 |

Pressure ! |

2700 {249.0] 321 00 {s27cke i

' I "‘i’"”" ”mg;mxm-u:mﬂ:m::ws::m::: e L O L L R L AL A A L L N R L R L A L L D I

Elevat|0 N -430.01199.01 -2 600 3513%7.9 i :

H 2 O -590.0 {149.0 { -36 1 300 1755#3_9 = Bz axanK 1

| / I

5 . |

Sl ol ol man el «/ <] Toinl g

PLEM 158 —_— : AnLNG )
U |
|

Flowline Status LS e ey EEEE P
Liquids

|
I 1
I |
| |
I ’ 1
\ . N BN NN SN N B BN BN BN BN B B BN BN B BN B B B B B \
L} [ | ‘ |

FIP-58204-3 g Hydrate Status Hydrate Times | Blockage FIP-10000
. Gas 12.00 MMsm’ItI e o o e rasto anis s 20 . |[G== 12.00 MMsm/d
AdVISor Summary PIP-58204-3 TIP-58204-3 | Min DT -25 °C Time Inside 334028 min Ilcation 00 m PIP-10000 TIP-10000
219.4 barg 56 °C I | |meon 49.0 ppm | [EndTime 061312010 02:13:47 I.Iquids 00 m gt uan S5
| |
!

=



Hydrate and Liquids Solution

PLEM 17B/C to PLEM 3A Pipeline
D eW P Oi nt " Hydrate || Liquids Light HC Heavy HC Inert || Corrosion Dew Point

= Hydrate — Proximity
to Hydrate Curve

= Liquid - Liquid
Holdup

= Slugging -
Hydrodynamic Slug
Flow Regime FEETE e ol

= Coverage — Al o — ' —f—
Pipeline Segments .
and Locations e
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Corrosion f
Dew Point

Corrosion Rate 0.0 mmiy

Min DT 33.3d-°C Liquid Inventory 0.0 bbl

s B
MeOH 0.0 ppm Max Hold Up 00- Sosaton -0 km
Dew Point
232.6 barg aacc Elapsed EAL20AS Location 64.2 km F 31.7 d-bar
b 2:44:45 P :
Do Foe 102.3 d°C




Hydrate Remediation

Hydrate Formed During Start Up
What-If Engineering Tool Used To Assist With
Remediation

PM PMeas

P?=Pcac  P?=Pcqc




Finding Value Through Model Mismatch

Hydrate | Liquids || LightHC || HeavyHC || Inert || cCorrosion | Dew Point




System Development and Installation Timeline

Installation and
Commissioning

Project Kickoff

I Development

|

Managed Services

|

System Expansions

Plan for Extension
and Expansion

|

Ongoing Support

|




Conclusion

 What-if Tool For Hydrate Remediation And Pigging

* Results Available Anywhere In The Pipeline System
Added Value Data Quality Assessment Through Model Mismatch

Simple Interface for Operators

Real Time Pig Tracking
Dew Point And Liquid Prediction

Proven Accuracy

* Planning Pigging Operations With What-if-tool

RISk Management » Gas Composition And Hydrate/Dew Point Monitoring
o 24/7 Availability With Uptime Of Over 99%







