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Countries Production
(in ‘000 barrels per day)

Saudi Arabia 10,521

Russia 10,146

United States 9,688

China 4,273

Iran 4,252

Canada 3,483

Mexico 2,983

United Arab Emirates 2,813

Brazil 2,719

Nigeria 2,458

Kuwait 2,450

Iraq 2,408

Venezuela 2,375

Norway 2,134

Algeria 2,078

Northern 
Alaska

3

Orinoco Belt
Venezuela

Gulf of 
Mexico

Niger 
Delta

Middle 
EastNorthern 

Africa

Barents 
Sea

Western 
Siberian 
Region

North 
Sea

Yanisey
Khatanga

Environmentally Sensitive Oilfields
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Key Takeaways: 1 of 2 

Economic 
growth and

environmental 
protection

are possible 

Collaboration, 
core values 

help achieve the 
impossible

Paradigm Shifts?
§ Time bounding
§ Persevere
§ Engage
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Key Takeaways: 2 of 2
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Manage “prior to 
construction and 

huge capital spend”

Engage 
Communities
(building trust)

Qualify New 
Technologies

Structurally



Field Location
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Saudi Arabia



Basic Reservoir Summary 

Islands

Stock Tank APIo29

Fluid viscosity at Pi 
and Tr, cp2.8

4223 Original Pressure, psig

3,688 Present Pressure

Permeability, mD1171

14% H2S (gas phase)

20% Porosity

Top of Structure

Good OilDepth

Water Saturation

Oil/Tar

Tar/Water

0 Swc 50 Sor 100

~ 20’ of heavy viscous movable oil

~ 20’-40 of heavy viscous immovable oil

The thin reservoir is underlain by heavy and immovable tar. 
The presence of tar creates challenges in:

Pressure 
support

Injector 
placement
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Timeline
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1957
Oil discovery

in Manifa, 
mainly offshore 1964

First sustained 
production 

from Manifa field 
40 MBPD

1977
17 wells drilled 

1984
Field mothballed 

due to low 
demand

2006
Grassroots Field 

Development 
Plan 2013

Field and CPF 
commissioning, 

500 MBPD 
Production Capacity

2017
900 MBPD
Production 
Capacity

MBPD = thousand barrels per day; CPF = Central Processing Facilities



Development Options

Cost Safety Environment

1 1 1

2 2

3

3

Low, 
Desirable

High, 
Risky

10ERD = extended reach drilling

2

3
3 30100% offshore

Method Requirements

RigsOffshore 
jackets/platforms  ERDLEGEND

2
21

12

70% offshore

30% land

1
1130% offshore

70% land 18



Environmental Impact Assessment (EIA) 
Objectives

To create an optimal causeway design 
that minimizes seawater impact 

Predict the environmental 
impact of construction

Recommend measures 
that mitigate impacts

Tailor monitoring programs 
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EIA showed need to maintain 
water circulation and allow marine 
life to move freely from deeper to 
shallower water



Environmental Factors 

Home to rare species

Biodiverse habitats Livelihood for fishermen 
and their communities 

Highly productive marine 
ecosystem

Oilfield’s proximity to 
Arabian Gulf Shoreline

Susceptibility to
overfishing and pollution

12



Heterogeneity & fluid mobilities 
Faults/fractures, light oil on tar 

SPE 164237 

Challenges  
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Technical

Sour, heavy crude; 
Simultaneous Operations 

SPE-181438

Injector well placement 
OTC 25119; SPE 141101; SPE 163908

Qualifying technologies
(multiple contractors)

SPE 181438; IPTC 17859

Organizational

2007/2008 Global
economic recession

IPTC-17666

Shallow waters
IPTC 16665

Delicate habitat of seagrass
and coral reefs (fragile)

IPTC 17833

Environment



Manifa: Energy and Nature 
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Coral reefs (natural and 
artificial) and sensitive 
natural areas preserved 
for future generations 

Developmental 
footprint reduced and 
marine life protected

Coral ReefsMangroveDareen Port Abu Ali

Improved seawater 
circulation (11 days)

Increased Biodiversity

15

Environmentally Friendly 
Oilfield Development 
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Offset Mitigation

01 02 03 04 05

Fisheries Program
Arabian Gulf study to 
understand improving fisheries 
statistics and fish stock

Fish Hatchery 
for Sea 
Ranching

Loss of large 
sea floor area 

Dredged 
areas loss

Alteration in 
hydrodynamics 

& water circulation

Reduced average 
fishery catch

Displaced
fishing grounds

Unavoidable Environmental Impacts



Benefits of biodiversity offsets
Mitigation Hierarchy and Biodiversity Impact
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N
et

 im
pa

ct
 o

n 
bi

od
iv

er
si

ty Positive

Neutral

Negative

Predicted 
negative impact

Step 1

Assess
impacts

No net 
loss 
(NNL)

Step 3

Offset any
residual impacts

Net positive 
impact (NPI)

+ Biodiversity              
offsets

Step 2

Avoid, minimize, restore 
impacts (top priority)

Residual 
negative impact

+ Restoration

+ Avoidance

+ Minimization



Shareholders interested with 
environmental friendly company 
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Evolution of Media Attention and Shareholder Proposals Related to Environmental CSR

Shareholder 
Proposals Related 
to Environment
as a % of 
All Shareholder 
Proposals on 
Governance and 
Social Responsibility

Number of 
Newspaper 

Articles
Mentioning Both 

“Environment” 
and “Corporate 
Responsibility

200

180

160

140

120

100

80

60

40

20

0

14%

12%

10%

8%

6%

4%

2%

0%
1980 1985 1990 1995 2000 2005

Newspaper per articles Shareholder proposals
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$ 
B

ill
io

ns
Biodiversity projects
Increases company valuation and access to loans from financial institutions

Global sustainable debt annual issuance, 2012-2018

Source: BloombergNEF, Bloomberg L.P.; Note: ‘Other’ includes labeled blue bonds

Green bonds Sustainability bonds Social bonds Green loans Sustainability-linked loans Other

$247B

$196B

$112B

$57B
$40B

$15B$5B
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Solid Causeway:
water circulation 
= 71 days

A
Proposed 2.4 km bridge:
water circulation 
= 22 days
Natural water 
circulation in Manifa 
= 17 days

B

Without the project, water would take 17 days to naturally circulate

Pre-Construction: Surveys/Modeling for Protection



§ Widened causeway and coastline space
§ Optimized positioning of the man-made islands and causeway

Improvements Made on the Causeway

34.3M Mangrove 
trees planted

Nesting 
Platforms built

Established fish hatchery offset program to:
Release 5 commercially 
relevant species

Release 10 million
juvenile fish per year

21



Adjusting the causeway path 
to avoid sensitive habitats

Eliminating the Northern Part 
of the Causeway

Early Improvements 
on the Initial 
Causeway Layout

22



Bridges 
Construction

§ NW Causeway Eliminated
§ Maintain water circulation

Rock Gathering
& Placement

§ Dissipate energy of storm waves
§ Prevent recession of the backshore

Geotextile & Rock 
Revetment

§ Prohibit erosion of the dredged sand slopes
§ Protection against wave attack

Construction: with Ecosystem Considerations  

Dredging & Sand 
Reclamation

§ Remediation for contaminated sediments
§ Restore health of aquatic ecosystems

23
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SPE 20112

§ Custom designed, 1st kind
§ Clean, non-radioactive 
§ Real time 3D profile

§ Reduced operational risk
§ Fewer wells, less footprint

Nuclear Magnetic Resonance (NMR) logging 

§ Recovered base fluid suitable for reuse
Recycled mud

§ Flexible fully enclosed transfer systems
§ Eliminated lifts, reduced transfer time

Decreased vessel activity 

Drilling: Logging, mud use, vessel activity… (1 of 2)
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Waste pit at rig site while 
drilling in normal conditions

Site at closure while using 
the Dry Location System

First Slim-Hole NMR Tool 
(World Wide)

Longest Cemented 7” Liner
(World Wide)

Mud Pan

Drilling: Dry Location at Rig Site / Zero Discharge (2 of 2)

EPDM 
Lining
(Ethylene 
Propylene
Diene 
terpolymer)
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ECC
Emergency 

Control Centre

Live Wind Corridor

Live Weather

Live Automatic Identification 
System (AIS) Tracking

Manned 24/7

Located at Project 
Management Team Office 

Linked to Dhahran,
Tanajib & Drilling

Live Community 
Emergency Response 

Team (CERT) Application

Monitoring: Operations Oversight….(1 of 2)



27

Dedicated 
environmental 
monitoring 
vessel with crew 

Quality readings: 
Sediments/Water
(Continuous) for 
Compliance

Monitoring: Before, During, After ….(2 of 2)



28

OTC 20112

§ Emergency disconnection
§ Spill Containment
§ Water treatment
§ Ozone-free refrigerants
§ Low fuel consumption  
§ Low pollutant emissions

Stimulation Vessel 
& Barge

RIG
STIMULATION

BARGE +
VESSEL

107

127

Cost Comparison

M
ill

io
ns

 (U
S$

)

Stimulation/logging: Eco-friendly vessel and barge



Long-Term Injection Testing 

Test
Injector

29

A
16 KM
0 psi

B
12 KM
1.0 psi

F
12 KM
1.5 psi

D
5 KM
14 psi

E
8 KM
5 psi

C
1 KM

43 psi

Observation

Injection

LEGEND

Producers



OTC 21130-MS; SPE 141101-MS

Reusable 
Filtration unit Water 

Tanks

Booster 
Pumps

Horizontal 
Pumping 
System

Wellhead

Chemical 
Injection

M

Sea water 
pumps

Mounted 
ESP

Se
a 

w
at

er
 In

ta
ke

3 Km

Long-Term Injection Test: Reusable Filtration
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Reusable filtration
(2µ “Vortex” sand filters) 

ESP = Electrical Submersible Pump



Extended Reach Well Completion

31

Geosteered
Multilateral (ML) 
/ MRC

Advanced 
Completions
MRC Smart Wells

Produced water management
SPE 188732; IPTC 12145

GOC = Gas Oil Contact; OWC = Oil Water Contact; ICD = Interval Control Devices; MRC = Maximum Reservoir Contact 

Extreme Reservoir Contact (ERC) Wells

Down Hole 
Shut Off Collar

Float
Shoe

Versaflex
Liner
Hanger

Tubing Hanger

3.688in SP TRSV

3.688in R-Nipple
PDHMS
Packer & PBR Assy

THT Packer Swellpackers

Sleeves

3.688in R-Nipple
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SPE 156051; SPE 156609; SPE 172567 

Tracer showed 
§ Bridges facilitated juvenile 

organisms transport

Confirms 
§ Causeway a hotspot of 

biodiversity
§ Improvement in waterflow

Fact: Waterflow & biodiversity enhancement



Facts: Ecosystem Enhanced ...

33

The development enhanced the ecosystem Nesting platforms
§ Ospreys safe haven 

Shallow water bay for shrimp
and fish still flourishing

Potential ecosystem losses offset
§ Fishing port & hatchery

Mangrove trees
§ 4.3 million to date
§ Migratory birds refuge
§ Sequester CO2, filter dust

Native trees
§ 1.1 million with wastewater 
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5,000
The number of quality control 

visits by the Inspection 
Department to vendors and 

manufacturers to ensure 
standards had been met

Fish Hatchery 
Offset Program
Release 10m juvenile fish

Per annum

4 Million
Number of detail design man-

hours spent on the project

136,149
Engineering Drawings

422,022
Cubic meters of concrete 

works completed

13 
Offshore platforms for water 
injection and oil production

178 Million
Number of construction man-

hours spent on the project

1,000
The number of trucks that were on the 
highway at any given time, working day 
and night, except during holidays when 

large numbers of families would be 
present on the roads

11 Million Tons
This huge amount of 

rock was safely transported 
to Manifa from quarries 

in the Riyadh area, more 
than 600 km away

9,000km
Pipes & Cables

21,000 
Hours Peak 
Manpower

600 
Major pieces of equipment, 

including pumps, compressors, 
vessels, heat exchangers, 
electrical transformers and 
switchgears for electrical 

substation

511,535
The number of contractor 

material delivery truck trips

41,000 
People trained on the 
danger of H2S release

246
The peak number of 

cranes used during the 
construction phase

Facts: We’re Able. Are we Willing and Ready?...



Fact: Oil Production in a Pristine Environment…
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Results Environmental Quality Field Data ...
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Nearshore Offshore



Results…(6 of 6)

Planted mangrove trees 
(4.3 million to date)

Designated and managed as 
a biodiversity protection area

Increased Species richness
(Biotope maps)

900 MBCD milestone achieved
– July 2017

Seagrass increased 70%
(Innovative solutions for growing 
coral reefs)

Electricity co-generation 
(power surplus)

37
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Economic growth and environmental protection? Possible.

Revisit “stampede” of high cost-high reward projects

Big Environmental wins for collaboration along core values

Optimize solutions generating phase 

Difficult times?  No problems!

Qualify technologies

Engage communities (social license)

Conclusion



is
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POSSIBLEIM

DEVELOPMENTDEVELOPMENT

Active Oilfield Development
while Preserving Fragile Ecosystems
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