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Appendix 1 - Well trends model 1

Actual vesus allowable - model 1
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The trends of Avg. Bopd and Avg. Nominal for Month/YT Year broken down by Well-no. Color shows
details about Avg. Bopd and Avg. Nominal. The data is filtered on F3 and Month/Yr. The F3 filter
ranges from 1 to 1. The Month/YT filter ranges from 1/12/2006 to 1/12/2015.
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The trends of Avg. Bopd and Avg. Nominal for Month/YT Year broken down by Well-no. Color shows
details about Avg. Bopd and Avg. Nominal. The data is filtered on F3 and Month/Yr. The F3 filter
ranges from 1 to 1. The Month/YT filter ranges from 1/12/2006 to 1/12/2015.

92

Measure Names
B Avg. Bopd
B Avg. Nominal




Actual vesus allowable - model 1
Well..

S

———
————

@
2

e

-%ﬂﬂ&

191/2

o
= I

Monthi YT

@
e

192/1

o
xI

194/2

0K _

6K-
1.0
0K

1951

20
-

6K-
2031

® ===

s=====— =300 — ————— 3800

206/1

| 2,000 |
_..—.—-
4

25001

23012 1,000

-=z=|--_—.=.-|=r--— =

=2 (00

0K _2.000

251 12000

2,500
25172

3000 qo0p

P — =0

2331

: —— e e %UQNM-——-——
H“

::q;gg;;&-q&ﬁ::

25372

Elvli]

2611

26172

26772

268/1

271N

500 ' |
r——————'————'{!@.@!!:h 1000

27212

JIBEOORE = ?ﬁ? 00n
K E=TEE=TEm

273N

2741

BOPD BOPD BOPD BOPD BOPD BOPD BOPD BOPD BOPD BCOPD BOPD BOPD BOPD BOPD BOPD BOPD BOPD BOPD BOPD BOPD BOPD

2008 2007 2008 2009 2010

2011 2012 2013 2014 2015

4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K
4K

0K

Nominal Nominal Nominal Mominal Nominal Mominal Nominal Nominal Nominal Nominal Nominal Nominal Nominal Nominal Nominal Nominal Nominal Nominal Mominal Nominal Nominal

The trends of Avg. Bopd and Avg. Nominal for Month/YT Year broken down by Well-no. Color shows

details about Avg. Bopd and Avg. Nominal. The data is filtered on F3 and Month/Yr. The F3 filter

ranges from 1 to 1. The Month/YT filter ranges from 1/12/2006 to 1/12/2015.
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The trends of Avg. Bopd and Avg. Nominal for Month/Yr Year broken down by Well-no. Color shows
details about Avg. Bopd and Avg. Nominal. The data is filtered on F3 and Month/YT. The F3 filter
ranges from 1 to 1. The Month/YT filter ranges from 1/12/2006 to 1/12/2015.
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Well trends model 2

Production vs Lift Curve-Model 2
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Production vs Lift Curve-Model 2
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Appendix 5 - Sampling reference

Table 1. Sample Size for +£3%, +5%, +7%, and +10% Precision

Levels where Confidence Level Is 95% and P=.5.

Size of Population

500
600
700
800
G900
1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
0,000
10,000
15,000
20,000
25,000
50,000
100,000
>100,000

Sample Size (n) for Precision (g} of:

+30

E

a

714
811
870
909
938
959
4976
989
1,000
1,034
1,053
1,064
1,087
1,009
111

+5%

222
240
255
267
277
286
333
353
364
370
375
378
381
383
385
390
392
394
397
398
400

+706

145
152
158
163
166
169
185
191
194
196
197
198
199
200
200
201
204
204
204
204
204

+710%
83
86

88
89
90
91
95
a7

98
98

8 8 8 88 &

100
100
100
100
100

a = Assumption of normal population is poor (Yamane, 1967). The
entire population should be sampled.
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Appendix 6 - Simulation parameters

The entry points can be production barrels, market demand, resources or injection
volumes. Entry point’s generation is a random number process that follows a probability
model or time based profile. The fluid is generated with all its phases (Oil, Water and
Gas). The trends follow fixed, linear, exponential or polynomial distributions which are
configured at each well. The separation produced material is labeled as O, W or G is
labeled as 1, 2 and 3. This is intended to segregate them in the reservoir and prevent
them from being counted again during the separation process. The table below
represents the constraints based on initial design and assumptions for production
management by the Company;

Table A-1 Facilities and reservoir parameters

Parameter Estimates!!

Average gas production to market 65% of production

Stabilizers, spheroids stage 111 375, 480 MPOPD

Main oil line capacity 480 MBOD

Water wells capacity 541 MBWPD

Gas injection wells capacity 335 MSCFPD

Total shutdown 2 weeks in 30 years

MOL psi at facility 511 BOPD

MOL psi at destination 152

Flow lines psi 300

Annulus surface pressure Sea line pressure (SLP) + 100 = 900

GOR (1, I1, IIT) 860, 77 and 43 respectively.

Compressor capacity 200 MSCFD. Time to inject 1 MSCFD is

(24/200=0.12 hour).

Volume of oil in place (barrels) 25 Billion

Average daily gas injection 350 MMSCEFD (20% for the model)

Production duration (100 years) Half way through recovery time

Material balance (5.5 billion barrels) | 22% recovered of oil in place

Desired water injection ratio 1.5 to 2 BWPD /BOPD in 2018

Desired gas injection ratio 1 MSCF/Barrel of oil

Gas oil ratio limit average/string 2 SCF/STB to 4 by 218

Maximum Well limit 3 BOPD

Decline ratio (existing practice) 6% company strategy

Water injection decline per year 5% company strategy

Oil Equivalent 0.5 for injected Water to 1 beyond 2020

Oil equivalent for 1 MSCF Gas 0.15 barrels

Table A-2 Static assets capacities - model 1

Total no. of wells 55 producers, 12 water injectors and
2 gas injectors.

Water injection requirement 1.2 to 1.5 BWPD /BOPD

" Data is based on ERP system
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Gas injection ratio 0.35 MSCF/Barrel of Oil
Water injection capacity 150, BWPD

Average gas production capacity 100 MMSCED

Gas injection capacity 30 to 35 MMSCFD

Gas to market 70 MMSCFD

Table A-3 Static assets capacities — model 2

Total no. of wells 30 producers, one gas injector and
12 water injectors.

Water injection ratio 1.2 to 1.5 BWPD /BOPD

Gas injection requirements 0.35 MSCF/Barrel of Oil

Water injection capacity 75 BWPD

Average gas production capacity 80 MMSCED

Gas injection capacity 20 to 25 MMSCFD

Gas to market 50 MMSCFD

Average condensate production 0 BCPD

Table A-4 Wells parameters

Well Parameters

QOutage Period

Well capacity

Well test and lift curve

Well shut-in time

Decline to 50% and engineering judgement — natural
decline or integrity issues

Well allowable

Well not to exceed a limit set by reservoir engineering

Decline assumption

The natural decline of production is recovered by

Well workover and
activation

A resource is used to hold and release the well until
change in condition is triggered

Well stimulation

Rig-less operation, every 2-3 years

Production rate BOPD

Time per 1 barrels-hours 24/BOPD

3000 8
2500 9.6
2 12
1500 16
1 24
500 46
Injection rate BOWD Time per 1 barrels-hours = (24/ BOWD)
3 8
4 6
5 4.8
6 4
7 3.4
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Appendix 7 - Separators parameters

Separators are represented by work centers that produce oil, water and gas. Retention
is required per barrel to secure effective separation in each phase. The retention time is
the volume of the liquid that passes in the vessel divided by the liquid flow rate. For
most applications retention times of between 30 seconds and 3 minutes have been
found to be sufficient (average is 0.43 hours/K-barrels based on Capacity 55K/day). It
is very important to work to optimize the 3 stages of separation (use of PVT
simulators) based on a number of criteria:

No storage is available offshore

Fluid characteristics and pipeline design

Operating pressure and maximum allowable pressure in the system

Well Inflow performance pressure, maximum allowable surface pressure
and flow assurance

e Operational guidelines

For 55k barrels capacity separator that processed X barrels during Y days of
operations, the retention time is equal to X/(Y*24). The simulation model for future
events will also be based on available operating separators. Due to effective parallel
processing, only single modules are shut-down for maintenance (total 9 modules). In
the simulator, the retention time will be configured based on time per 1K barrels of
oil. Therefore, the table below summarizes the different separation phases (I, IT and
[IT) maximum capacities.

Table A-5 - Separators settings

Separator type | Diameter Length Capacity/Day Retention Time
(m) (m) BOD (hours/1IKBOPD)
1 1.05 5 18,200 1.318
2 1.20 5 24,200 0.991
2 1.30 5 27,500 0.87
4 2.5 10 55, 0.42
Stage Phase No. Capacity Time in system/1
units
Phase [ I 9 45 0.533
Phase 11 il 8 55 0.436
Phase I1I II 3 250 0.096
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Appendix 8 - Tanks, pipes and joints retention time

Used for storage, stabilization and final water separation at atmospheric state. Storage
tanks capacities vary from 800K barrels to IMM barrels distributed between 14 crude
storage tanks handling on the average 600M Barrels per day from all fields. Therefore,
with weekly shipments of 4MM Barrels from all fields, there are no bottlenecks.
Including the storage constraints in the model will help to conduct economic analysis
for the market demand changes

Gas is passed to another company for liquefaction, storage and marketing through a
36” line with less than one KM length. Shipment can handle the daily average of
1,100 MMSCEFD. Condensate storage and handling of 250MBD is not constrained (2
tanks of 500K and shipment accommodate one full tank every 2 days).

The routine subsea inspection program uses Remote Operated Vehicle (ROV)
accompanied with intelligent pigging (without production interruption) for corrosion
monitors and frequent line cleansing by non-intelligent pigs for flow assurance.
Inspection results are accompanied with recommendations for immediate actions
(repairs or pressure de-rating) and long term recommendations (endorsement or
replacement). Pipelines are designed to run over 35 years and 50 years with major
repairs. Therefore, replacement action will not be considered in the model (although it
can be added easily at a later stage). The flow assurance simulator is used to adjust
the well choke valves settings. Pipeline availability are more important than flow rate
simulation. This is because flow rates reduction is already accounted for by the
historical data impact on the well model. All small pipelines are used as well
connectors that have an on/off state only and can accept the flow based on the flow
sources as designed. However, all lines will be subject to interruption through normal
flushing (pigging), inspection (intelligent pigging) and repairs (MTTR and MTBF).
The maximum flow capacity is based on the Pipeline diameter and velocity [(Flow
Rate = (0.25*1)*(Velocity)*(Pipe Diameter)’ ] (not modeled). Liquids velocity is one
meter / sec and gas velocity for gas pipeline is 60 SCF/sec.

By design, the flow rate at the manifold or joint connecting with many radials, is
capable of taking all inflow fluid. The gathering line is also designed to take the
multiphase fluid. The fluid change in PVT is subject to a special simulator (PIPESIM)
that produces new settings or adjustments to the flow rates so that this optimization is
maintained. They can be represented by a queue with priority based on the proposed
simulator.

This study follows the will be using the following flow formulation:

Total Flow at Manifold = ) flow-rates considering all connected pipelines
GOR at manifold= > GOR*Flow-Rate/Y Flow-Rate

Therefore, the manifold will be simulated as a queue with no waiting time. 2

12 All data is obtained from the engineering records process flow diagrams.
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Appendix 9 - Maintenance configuration

The configuration of the plant is based on multiple facilities / platforms (separation
phases (I, IT and III), water injection, gas processing, gas injection, stabilizers, storage
tanks, metering facilities, water treatment, oil loading and shipping.

The following table represents the planned and unplanned maintenance outages as a
result of routine and breakdown maintenance in ERP. This data was summarized by
the maintenance system history records database.

Table A-6 - Maintenance parameters

Item Maintenance MTBFB Applicability Represented by
Time (MTTR)
Pipelines 1 day /year 20 year Life time 35-50 years. | Routing arrow for
1 week/ 5 years Pigging speed Im/sec | flow lines
Vessels 2 weeks/year 1 year Separators, scrubbers | Activity
7 years stabilizers
Water processing | 2 weeks 2 years Backup units available | Activity
Water wells - | 1 Months 5 years Backup available Activity
injectors
Gas Injection | 1 Month 5 years 10 years On stream tie-in only | Activity
system long term impact
Oil metering 1 Week yearly No impact | Back-up in place Entry  point to
1 month/ 5yr activity
Storage 1 week/ year 1 year Minimal constraints Storages and
3 months 7 years Queues
Shipping to | No impact 12 days / | Weather may impact | End point
market year delay 1 or 2 days per 2
months
Wells 3-6 months 10 years Section 3.7 Activities
Gas compressors 1 week Yearly. Backup in place Activity
1 month 24 hours
Rigs 2 years 30 days Average lost time 4 — | Resource
6 Weeks

Rigs time lost as a result of weather conditions or tug boat availability is not in the
model based on the wells off-days since the rigs are idle at the same time.
Efficiency is used when the failure probability is not available (example below when
BTTR = 3 weeks which is 6% of the year or = Flow-performance/Capacity
(Subramanian, S.K., Husin, S.H., Yusop, Y. and Hamidon, A.H., 2009)

Efficiency = 100% - Maximum impact of un-availability
Efficiency = 100% - Max. (Un-available asset)
Efficiency = 100% - 6% = 94%

13 Records of maintenance summaries are based on the ERP system
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Appendix 15 - Production long term plan

Chart2: 325 MBD Oil Development Plan

Models 1 and 2 2aak
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Figure A-1 Production plateau




Appendix 16 - Simulation Objects Graphics

The graphical representation of the assets in the simulation model and the

process diagram are listed in the following table:

Table A-7 Simulation objects

Object

Settings

Reservoir

Symbol for reservoir and modeling of recovery overtime
which is a typical exponential with a probability
distribution of a simple moving average during primary
and secondary recoveries

Water Well@ | Well production/injection profile is linear, exponential
Oilwell @ |O°F polynomial based on the data trend and level of
confidence constrained by the lift curve limits
Gaswell @
Pipe/Flow
—p

Lines are subject to maintenance associated with the
wells

Offshore Plant

Separators bundled in one plant for phase I. The bypass
has a manifold to distribute flow equally between the
destination separators

Tank, Storage

Storage is an idle queue with capacity constraint

Tank Loading

Also used for collecting, metering or distributing fluid
between the processes being served

Queue

Used to provide delay in the system for
retention time control

separation

[ ="

Gas processing

Facility for final separation and dehydration prior to
storage and refrigeration




Manifold

One pipe node distributing fluid for separation among
several vessels

Valve
Used to control or divert the flow

Rigs
Used for drilling and well stimulation, development and
maintenance resource

Compressor

Used to accelerate the gas flow for transportation
through the pipelines into the next phase of treatment
and dewatering

Pump

Used for flow assurance control and acceleration of fluid
through the system after separation

Separator

Oil, gas and water separator

Offshore tower:

A cluster of 2, 4, 6 or 9 wells. Each well can produce
from a different zone but fluid is commingled through
one manifold and flowline

N

Gas storage

Gas refrigerating, liquefaction and storage prior
shipment to market

Spheroid

Stabilization and third stage separation of gas and
impurities

Diverter valves

Used for diverting the produced water back to the
injection well




Market demand

Graphical representation of the market based on the
generated demand values following

Water treatment

Filtration and treatment from bacteria prior injection into
the reservoir

Transport

Loading vessel for shipping to market

Production entry point

Represents the reservoir fluid model from the reservoir
into the wells.




Appendix 17 - Wells maintenance programs models 1 and 2

Table A-7 Wells maintenance program - model 1

Nominal
Well no Start End Repeat Resource | Allowable

W2 1/01/2017 10/01/2017 8760 Rig 2 2300
W9 11/01/2017 20/01/2017 8760 Rig 2 800
Wil 20/01/2017 28/01/2017 8760 Rig 2 3200
W12 30/01/2017 8/02/2017 8760 Rig 2 1400
W13 9/02/2017 18/02/2017 8760 Rig 2 200
W3l 19/02/2017 28/02/2017 8760 Rig 2 2500
W 32 2/03/2017 11/03/2017 8760 Rig 2 1400
W34 12/03/2017 20/03/2017 8760 Rig 2 200
W 33 21/03/2017 31/03/2017 8760 Rig 2 1100
W 35 1/04/2017 10/04/2017 8760 Rig 2 500
W 36a 11/04/2017 20/04/2017 4380 Rig 2 700
W 39 21/04/2017 30/04/2017 8760 Rig 2 3200
W42 6/05/2017 10/05/2017 4380 Rig 3 1800
Wil 9/05/2017 15/05/2017 4380 Rig 5 3500
W43 11/05/2017 15/05/2017 4380 Rig 3 2700
W44 16/05/2017 20/05/2017 4380 Rig 3 800
W 45 21/05/2017 25/05/2017 4380 Rig 3 200
W 46 26/05/2017 29/05/2017 4380 Rig 3 400
W 47 30/05/2017 3/06/2017 4380 Rig 3 1500
W48 4/06/2017 8/06/2017 4380 Rig 3 1800
W 49 9/06/2017 12/06/2017 4380 Rig 3 2500
W 50 13/06/2017 17/06/2017 4380 Rig 3 800
W51 18/06/2017 21/06/2017 4380 Rig 3 900
W52 22/06/2017 25/06/2017 4380 Rig 3 900
W53 26/06/2017 30/06/2017 4380 Rig 3 2500
W54 1/07/2017 5/07/2017 4380 Rig 3 700
W 55 6/07/2017 10/07/2017 4380 Rig 3 1900
W10 11/07/2017 21/07/2017 4380 Rig 5 2
Wil 22/07/2017 31/07/2017 4380 Rig 5 900
W12 2/08/2017 11/08/2017 4380 Rig 5 3100
W13 12/08/2017 21/08/2017 4380 Rig 5 2
W14 22/08/2017 31/08/2017 4380 Rig 5 600
W 56 1/09/2017 10/09/2017 4380 Rig 5 600
W 57 11/09/2017 20/09/2017 4380 Rig 5 600
W58 21/09/2017 30/09/2017 4380 Rig 5 1100

14 Source 2016 Drilling bar chart




W59 2/10/2017 11/10/2017 4380 Rig 5 1800
W 60 21/10/2017 31/10/2017 4380 Rig 5 1900
W6l 1/11/2017 20/11/2017 4380 Rig 5 1400
w 21 21/11/2017 30/11/2017 4380 Rig 4 2200
W 23 2/12/2017 11/12/2017 4380 Rig 4 300
W 23a 12/12/2017 21/12/2017 4380 Rig 4 900
W 24 22/12/2017 31/12/2017 4380 Rig 4 2
W 26a 2 2/01/2018 11/01/2018 4380 Rig 4 3
W 25 12/01/2018 22/01/2018 4380 Rig 4 1100
W 26 23/01/2018 29/01/2018 4380 Rig 4 2700
W 31lab 30/01/2018 8/02/2018 4380 Rig 4 1
W 33ab 9/02/2018 18/02/2018 4380 Rig 4 2
W 34a 19/02/2018 28/02/2018 4380 Rig 4 2
W 27 2/03/2018 11/03/2018 4380 Rig 4 3400
W 28 12/03/2018 21/03/2018 4380 Rig 4 800
W 35 22/03/2018 31/03/2018 4380 Rig 4 1900
W 36 1/04/2018 10/04/2018 4380 Rig 4 3200
W 26a 11/04/2018 15/04/2018 4380 Rig 4 3400
W 27a 16/04/2018 20/04/2018 4380 Rig 4 3300
W 28a 21/04/2018 25/04/2018 4380 Rig 4 3400
W 29a 26/04/2018 30/04/2018 4380 Rig 4 3400
Table A-8 Wells maintenance program - model 2
Nom
Well no Start End Repeat | Resource | Allowable
W 148 8/01/2018 14/01/2018 4380 Rig 4 2500
W 156 25/02/2018 6/03/2018 4380 Rig 4 2500
W 157 15/02/2018 | 24/02/2018 4380 Rig 4 2500
W 278 18/12/2017 | 27/12/2017 4380 Rig 4 2500
W 105 26/04/2017 | 30/04/2017 4380 Rig 3 2500
W 106 21/04/2017 | 25/04/2017 4380 Rig 3 1200
W 127 21/06/2017 | 25/06/2017 4380 Rig 3 1200
W 129 16/06/2017 | 20/06/2017 4380 Rig 3 1200
W 133 7/08/2017 16/08/2017 4380 Rig 5 1200
W 135 15/01/2017 | 24/01/2017 8760 Rig 2 1200
W 135 18/07/2017 | 27/07/2017 4380 Rig 5 3
W 141 25/01/2017 3/02/2017 8760 Rig 2 3
W 141 28/07/2017 6/08/2017 4380 Rig 5 3
W 145 6/04/2017 15/04/2017 8760 Rig 2 3
W 149 1/05/2017 5/05/2017 4380 Rig 3 3
W 151 6/05/2017 10/05/2017 4380 Rig 3 1
W 159 24/04/2017 | 30/04/2017 4380 Rig 5 1
W 162 17/12/2016 | 26/12/2016 8760 Rig 2 1




W 170 1/04/2018 5/04/2018 4380 Rig 4 1
W 174 6/04/2018 10/04/2018 4380 Rig 4 1
W 188 6/09/2017 15/09/2017 4380 Rig 5 1500
W 227 11/04/2018 | 15/04/2018 4380 Rig 4 1500
W 258 7/03/2018 16/03/2018 4380 Rig 4 3
W 264 6/10/2017 16/10/2017 4380 Rig 5 3
W 266 17/10/2017 5/11/2017 4380 Rig 5 2500
W 280 5/01/2017 13/01/2017 8760 Rig 2 2500
W 280 7/07/2017 16/07/2017 4380 Rig 5 2500
W 285 17/09/2017 | 26/09/2017 4380 Rig 5 2500
W 312 27/03/2017 5/04/2017 4380 Rig 2 2500
W275 11/06/2017 | 15/06/2017 4380 Rig 3 2500




Appendix 18 - Linear programming example

Optimize production based on 2 products light and heavy crude. The available
quantities are 1 and 1400 barrels of oil to be shipped by 2 vessels. Vessel A
has a capacity of 10 barrels light and 20 barrels heavy crude. Vessel B has a
capacity of 15 light and 10 barrels of heavy crude. The cost of shipment A is
$40 and Shipment B is $50. What will be the best deal for the distributor to
deliver with minimum cost?  Let X = no. of times needed by A and B for
light crude and Y = no. of shipments needed by A and B for heavy crude (X
and Y are real numbers). The option can be a combination of shipping

according to the following LP model available options:

SHIP A SHIP B AVAILABLE
LIGHT CRUDE 10 15 1
HEAVY CRUDE 20 10 1200
Objective is to minimise the cost : F(X,Y)=40xX+50xY

Equation A-1 Optimizing with linear programming

Constraints: (0 <10X+15Y<1) and (0<20X+10Y <1200)

1107
{20%+10¥=1200)

70
440, 40)
40
{10X+15Y=1000)

40 "K ’
Solving the LP model by graphical method

Figure A-2 LP graphical method

The problem is solved graphically at the intersection of the inequalities:

The answer is (40, 40). Therefore at cost of 40*50 + 40*40= § 3600 is the
feasible solution (Hillier, F. and Lieberman, G., 1975).




Appendix 19 - Best Initiative

;'e?";anﬁ
ADMA-OPCO Best Initiative Scheme
Application Form
Applicant, te 0 o Division'Business

unit
VTS5

be PF # ‘ Exin. |
Job Title (max 4 applicants )

Talal AL-Sayed
Ebrahim AL-Shehi
Hisham Hobaishy

Title of Best Assot Availability & Production Capacity Simulation Model
Initiative

040738
050479
Dooe22

Priority Areas (if largsiad): Recovery and Sustainable Production, Operational Integrity & Cost Efficiency
(Refor to notes on Iast page)

1. Provide an Executive Summary of the proposed Initiative:

Ploazo doscribe briefly the idea and challenges or opportunifies this initialive is sddressing(1 00 words).

ADMA asset management has been following a deterministic approach in maintenance and asset availability.
The concept of probability although being evaluated, however, it is not being used in a statistical model for
computing production capacity.

This suggestion scheme is aimed to simulate a production model that planned availability as well as
probability of failure, declined capacity analysis and considering IDBEMS risks and remnant life.

0il & Gas solutions which are based on best of breed applications; have been always facing challenges in
synchronising plans and activities with production capacity. Typically, operational excellence will be further
boosted once various authorities’ plans and target tasks become more visible between business units and
plans can be consolidated to satisfy the production target in an integrated simulation modeal.

Hence, a building this model will provide:

A visualised holistic process

Overcome planning challenges by eliminating duplications

Will take into account statically characteristics such as PoF, and MTEBF

Will have the potential to include decline curve and well model curves

Will have results from existing process, resarvoir simulators as well as drilling/maintenance &
inspection plan

=  Will be capable of long term planning considering LTDP and short term plans

= will enhance collaboration.

On the information level, a unified proeduction model will consolidate allocations and evaluate water cuts
based on well testing and will be also capable of computing gas production and material balance.

2. Alignment with priority areas

Pleasa desaribe how the idea addresses the Priority Area you have selociod afignment targefing priovily aroas may
allow you to receive higher score (max 100 words).

This process is expected to serve our Operational Excellence by binding the existing risks with the means of mitigating
thiem.

Production Scenarios will be easy and possible to do for long term.

Cost efficiency due to integrated planning and effective capacity trending

Operational integrity due to integrity considerations in the modal

3. Business Value :

Page I ofd

2015




Describe in measurable, vorifiable torms the potential value of the infaiive. Please make your estimates as tangible and
quartifiable as possible in finandal terms (USD). Only ideas that genarate a net profit/ sowing of =2 LISD100K are accapied
Plaaso desoaribe the esimaled costs for implemaning the iniative.

Plaasg indicalo the costs and fme associated in order fo fully avecwde ihe proposed idea fo generafo the maxmumn deployablo
exteri. (i.e how much and how long bafore the idea dolivars maximum valug)

It will prowide direct wisibility o the planning authonty of impact on produchion when aifcal tasks are fo be execuled or short and
long ferm actions.

Esfimated costs 50K for the soffware & Training.
Consultancy & customization $50K

The project could be ready (3-2016.

Other Businaess Benefiis :
Plaass desaribe the bensifils this idea will defiver once implemenied . These are benefits beyond financial impact
{e.g reduction in HSE incidonts, improvermant in ime fo complate a process, incraasa in capabiitios, oic). Plaase

indicate whather these bendils are ona-off or confinuous.
Plaase indicate when do you expect these benefits are fo bo reakized Describe any risks and uncertainties
associaled with achioving these benofifs (max 700 words)

Fliease indicate the relevant areg of benefiis, give an estimate of how
thiz impact has been reafised

This project would enable ADMA to determing the
impact of adding new production facility, new wells,

major maintenance activities. demand analysis, and Haalth, safety and WA
morg importantly trending of production if data mining | Emironmentz!
is also inciuded. Sustainability
Cparational Integrity ieduce righ of misang key repar
teities or un-necessay duplication of
0
Racowvery and Sustainabla
Production N
%EDSIEDEF@H:‘E:F and Process Redice §me spent in recommended
d o work and dogngif in 2 syatems
Peopla and Capability |Reduce need to know whers historic
Development informakion can be found since WO can

accessed rom ather system

5. Originality (max 200 Words):
Dascribe in what respecits and fo what degres the infiafveis diffarent from the sislus quo. Plaase give an indicalion as fo whethar

your idaa is now in ADMA-OPCO, now in the region or new in the world (max 200 worlds).

This is a new concapt in the use of simutation in planning.

Today. we ara having short term plans but they are subjoct to determined plans with no accounting for unexpected
changes. This modelwill allow for probabilistic events which in reality contributing missing some of the asset and
hence impacting targats.




Appendix 20 Literature review summary

Table A-9 Literature review summary and gaps of related reseraches

Author/year

Title, Method and Gap

(Aronofsky J., Williams
A., 1962)

The use of Linear Programming and mathematical models in
underground oil production

Use of Linear Programming. The studied model is limited to flow
of the multiphase fluid. It ignores decision variables related to
GOR, WOR, pipeline flow, facilities, capacities, storage capacity,
and plant availability. It ignores the production model.

(Clay, M., 1988)

An Approach to Real-Time Optimization (RTO) of the Central Gas
Facility at the Prudhoe Bay Field

Real time Software application reading plant status data. The use of
real time data renders it as a process control system monitor daily
operations. Study doesn’t use key decision variables of dynamic
model of plant availability, pipeline or demand.

(Gjesdal, A., Abro, E.
and Midttveit, O., 1988)

Production Allocation of Tomorrow (MPFM and test separators)

Uses MPFM and well testing to measure GOR and WOR for
predicting allocations. Study doesn’t use decision variables for
plant availability, pipeline and storage capacities. The importance
of accurate well allocation for reservoir management and
production optimization is emphasized but can’t address dynamic
model or production forecast.

(Muellenberg, L.,
Barnes, D. and
Humphrey, K., 1990)

A Production Optimization System for Western Prudhoe Bay Field,
Alaska

Incremental GOR strategy. The study suggests a production
strategy based on high gas ratio for flow assurance perspective and
not for long term production. The study didn’t use key variables
(i.e. WOR, pipeline-flow and plant capacity). The study doesn’t
use a model and relies on well priorities.

(Urbanczyk, C. H. and
Wattenbarger, R. A,
1991)

Optimization of Well Rates Under Gas Coning condition
IGOR with coning constraint.

The study uses well priorities for flow assurance based on GOR but
ignoring WOR or long term perspective. The study doesn’t use
modeling. A number of decision variables (i.e. WOR, pipeline-
flow, and plant capacity) are not considered.

(Lo, C.W. and Holden,
W., 1992)

Management Schemes for Rate Forecasts

Linear Programing, decline curve analysis and Simulation. Study
doesn’t use key decision variables (GOR/WOR/Pipeline-flow,
plant availability or capacity) and instead estimates the multiphase
flow. The study assumes each well can produce any oil rate
between the zero and the maximum flow for future total flow
forecasts.

(Fang, W., Lo, K,
1996)

Field maintenance activities were is an important limiting factor for
a production process because of its interruption to operations, cost




and high value of replacement

(Khor, C. and Kamel,
A., 1996)

Commercial reservoir simulators such as GeoQuest’s and
ECLIPSE (Schlumberger) and VIP (Landmark, 2001) are based on
rules that consider the pressure optimization problem separately
from the well rate allocation optimization.

(ABB Automation Inc.,
2001)

Use of distributed control systems with specialised simulators to
overcome the daily operational problems and unable to provide
long term or stochastic based optimization.

10

(Alimonti, C., Sapienza,
IL. and Falcone, G.,
2002)

Knowledge Discovery in Database Fuzzy Logic

Use of Neural Network Fuzzy Logic to validate the phase
metering. Study uses real time multiphase readings along with
cleansed history data to correct produced volumes readings.
However, it admits the absence of an integrated model to handle
dynamic changes for better forecast. Study’s main gap is ignoring
decision variables for plant availability, pipeline-flow and storage
capacities.

11

(Jazayeri, T. and
Yahyai, A., 2002)

The study evaluated the economics of production at a constant
price and demand but ignored market impact. It didn’t address the
economic impact of an increase in supply at a faster pace than an
increase in demand as in the situation of the price drop in 2015.

12

(Saputelli, L. A., 2003)

Promoting Real-Time Optimization (RTO) of Hydrocarbon
Producing Systems

Use of Linear Programming and Simulation. The main gap is that
the study assumes some key variables as constants. The model will
optimize on-line to overcome operational constraints in steady
state, but is not intended for dynamic model or future forecast
(ignoring plant capacity variations and GOR/WOR/Flow
variability).

13

(Wang, P., 2003)

Development and Applications
Techniques for Petroleum Fields

of Production Optimization

Use of Linear Programming. Limited to gas lift and utilization of
available gas lift capabilities. The gas is recycled to serve 4, 10 and
50 wells. Model doesn’t formulate a full process chain system and
doesn’t account for use of well GOR/WOR.

14

(Kosmidis, V., Perkins,
. and Pistikopoulos, E.,
2004)

Use of mathematical programming. The drawback to this approach
is conditioned by the assumption that all of the wells are tied
directly to a fixed-pressure separator for analyzing a pipeline
network.

15

(Popa, C., Popa, A. and
over, A., 2004)

Linear modeling which qualified it for dealing with overcoming
steady state operational constraints and faced challenges with
dynamic models when decision variables (i.e. oil rates, gas rates
and water cuts) are subject to change.




16

(Naus, M., Dolle, N.
and Janson, J. D., 2004)

Optimization of Commingled Production using Infinitely Variable
Inflow Control Valves

Simulation and Sequential Linear Programing optimization
technique. A case study limited for reservoir and a horizontal well
with four inflow control valves. Expanding the model for full field
will have limitations related to key decision variables (e.g. plant
availability, pipeline and storage capacities) and not applicable for
forecast.

17

(Schlumberger,
IAbingdon Technology
enter Training, 2005)

Specialised simulators (e.g. PVTi, Eclipse 300, Pipesim, Prosper,).
Used in semi-automated optimization models to identify only the
key decision variables to model the reservoir behavior which
served overcoming operational constraints.

18

(Saputelli, L., Nikolaou,
M. and Economides,
M., 2006).

The fields’ dynamics due to flow and pressure changes was the
main cause of the limitations for the long term optimization.

19

(Bieker, H., Slupphaug,
. and Johansen, T.,
2006)

The technology to integrate Distributed Control Systems with real
time data acquired from the digital instruments served the purpose
of solving operational problems rather than optimization .

20

(Saputelli, L., Nikolaou,
M. and Economides,
M., 2006)

This was also concluded in (Saputelli, L., Nikolaou, M. and
Economides, M., 2006) which reiterated that the use of
multivariate analysis in oil and gas optimization has not been fully
adopted in the hydrocarbon industry.

21 |(Goh, K.C., Muncor, Production Surveillance and Optimization With Data Driven
., Overschee, P. and Models
Briers, 1., 2007) Software substitute of missing readings from down-hole sensors.
Study doesn’t use decision variables (e.g. WOR/GOR, plant
availability, and pipeline and storage capacity). It describes
software using real-time surface and down-hole flow test data and
an understanding of well performance but can’t handle dynamic
model for production forecast.
22 |(Haavardsson, N. F., OptlIIllZ&lthIl.uSIIlg mathematical model for .s1mp11.ﬁed producUog
models that is constructed based on the simulation output for:
Huseby, A. B. and e . .
wells, facilities and reservoir. The study does not address stochastic
Holden, L., 2008) . : . o
variables or extrapolation required for predictions of future asset
performance.
23 |(Cuacenetl, R., 2008) New Life for Oil Field with Multiple Simulators

Commercial SW with embedded methodology. All products
ignore the changing nature of key variables at the well string (e.g.
GOR/WOR). The integrated solution compromises a number of
changing variables to be dealt with as constants.




24

(Palen, W. and
Goodwin, A., 2008;
uacenetl, R., 2008)

New life for old fields

Schlumberger.

with multiple simulators from

Use of Avocet to overcome operational issues at the pipeline. Use
of an integrated suite of applications to enhance production by 6%.
The main solution is to handle operational constraints due to gas
condensate formation in difficult terrain. Recovered opportunity
6%.

25

(Palen, W. and
Goodwin, A., 2008)

Increasing production in a mature basin

Debottlenecking of choke points and discrete event simulator.
Increases production with no extra budget through identifying
bottlenecks and process chokes. A manual process recovered 4% of
the estimated 15% loss in production opportunity. Later the process
was simulated under a RAM simulator. The RAM didn’t address
all decision variables but enhanced topside assets efficiency by 10-
15%.

26

(Bonavita, N.,
Birkemoe, E.,
Slupphaug, O. and
Storkaa, E., 2008)

Operational ~ Performance  excellence
optimization in upstream industry

through  production

ABB Software modelling. Description of products that needs to be
integrated via SW tools. Study doesn’t address decision variables
for (GOR/WOR variability, plant availability, pipeline and storage
capacity). The software solution has DCS embedded simulations
{(production, maintenance and process) to handle operational
constraints in steady state. It can’t handle dynamic model for
production forecast.

27

(Charle, V., Ansari, L1

and Khalid, M.M.,
2009)

Linear Programming which faces limitations in modeling a
dynamic oil field with large volume of variables and probability
functions which calls for stochastic programming.

28

(Sokolowski, J. and
Banks, C., 2010)

In a similar technique to reservoir simulation, the research uses the
stochastic modelling and pattern recognition of the decision
variables to configure a production process chain in a discrete
event simulation model.

29

(Amos, H.C., Jacob
Bernedixen, J., and
Syberfeldt A., 2010)

The dynamic nature of oil fields with large volumes of variables
and the differences between planning and executing the work
introduced implementation time limitation due to changes in the
settings by the time the optimization model is ready.

30

(Cramer, R., Scotanus,
ID., Ibrahim, K. and
olbeck, N., 2011)

Improving allocations and hydrocarbon accounting
Software that reads from SCADA system and down-hole gauges.

Study comes close to the use of accurate allocations for computing
well allowable rates. But the computations relied on full flow rates
and not the variable rates of WOR/GOR. It ignores other decision
variables (i.e. plant availability, pipeline and storage capacities).
The purpose is to describe oil accounting improvement techniques
used by Shell FieldWare software, but doesn’t address dynamic
model or production forecast.




31 (McCaffrey, M., Ohms, | Allocating Commingled Production Using Oil Geochemistry
D., Werner, M., Stone, . . . .

“and Baski, D., 2011) Use of geochemistry to identify the source of oil at the stock tank.
Study doesn’t use key decision variables for plant availability,
pipeline-flow and storage capacity. Sampling of commingled flow
for measuring actual formation production by which sampling
depends on the quality of the initial chemistry in a steady state, but
it can’t handle dynamic model or production forecast. Study
admits to inaccuracies in results.

32 (Mccaffrey, M., 2012) | Oil fingerprinting reduces allocation costs
Use of geochemistry to identify the source of oil at the stock tank.
Study is to meter the oil produced based on oil sampling to
measure actual production from a certain zone based on original oil
fingerprints with 95% accuracy. It depends on the quality of the
initial chemistry for production volumes computations in steady
state. Its purpose is to reduce metering costs and not to overcome
production loss. It can’t handle dynamic model or production
forecast. Study doesn’t address decision variables for plant
availability, pipeline-flow and storage capacities.

33 |(USA, Purdue Patent Methods of analyzing crude oil

i?' 5081220)150309001 Shared same limitations of oil fingerprinting (Mccaffrety, M, 201)

34 (Dzubur, L. and A set of variables were recommended for short term optimization

Langvik, A., 2012) in Marlim field which excluded asset availability and market
analysis.

35 |(Tucker, R., Straub, T. | Unplanned Downtime in the Gulf of Mexico: A Significant

and Feng, S., 2012). Production Loss Management Opportunity for Producers
Data mining of 2008 to 2012 Company records.
Business problem emphasis. No solution was identified. Identified
2 decision variables: Unplanned Downtime and Well testing
Complexity. Lost production opportunity over 4 years is 12%
(Shah, N. and Mishra, | A theoretical mathematical model was developed based on the
36 X . ]
P., 2012) following variables;
37 |(Codasa, A., Campos, | Relied on old readings of outdated well flow tests and missing
S., Camponogarab, E., | recent flows’ random changes.
Gunneruda, V. and
Sunjergae, S., 2012)

38 |(Dmour, H. N., 2013) Use of impractical assumptions mandated by the nodal analysis
technique in handling some variables as constants to solve the
formulas.

39 |((ADMA production In-house application of one short term production forecast results

annual report, 2014) Lift curve and Integer Programming. The program relied on asset
status (on/off) for in-service or off-service and without values in
between resulting with a 15% average lost production opportunity.
Assumptions used and not all decision variables are modeled.
40 (Woo, J.H.,, Ho Nam, J. | Development of simulation model for subsea production




and HeeKo, K., 2014)

optimization

Use of discrete event simulator. Development of subsea
optimization based on reliability and availability model to
optimize flow through constrained manifolds. It is used for random
variables of operational nature (asset reliability) with no data
mining or trending to extrapolate future forecast.

41

(Chowdary, S., 2016)

(ABB Automation Inc., 2001), which were used to overcome the
daily operational problems and unable to provide long term
optimization.

42

(DNVGL RAM
Discrete Simulator,
2016)

Reliability, Awvailability and Maintenance (RAM) basis for
optimization using discrete event simulator. The Software product
does not address production planning and forecasting.




