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Ultra Deep Water Fields| When? And How?

Ultra Deep Water: 3000 - 4000m

?
@ High Capex Not compatible with present low oil prices
5 High technological barriers Today : Time for R&D activities

What will tomorrow ultra deep water risers look like?

HYBRID RISER TOWERS are part of the FUTURE

Self standing structure
I . simplified layout
@ Easier installation by towing with light vessels
Flow-assurance capabilities
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Hybrid Riser Towers| History

2001 2007 2007 2014
GIRASSOL GREATER PLUTONIO cLov IHRB
" In-Line Hybrid Riser Bundle
; N gy 2.70m |
I Wel € ‘
—
1,5m 2,3m 2m

Challenges of Ultra Deep Waters:

Construction: Onshore sites cost and availability...

==) \What about near shore construction on a Barge

- Key parameter: Bundle cross section for easier assembly...

==) |_et’s try to minimize the number of layers !
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IHRB | Assembly Principle

| YREN | l
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Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

Each element is lowered by cranes and positioned on the assembly line
inside the lower buoyancy foam module.
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IHRB | Assembly Layout

On a typical Barge

Supply Vessel

L
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WL\

36m 36m
Station 2: Strapping Station 1: Main assembly
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IHRB | Assembly Set Up

Assembly line with temporary storage nearby: about 15 m Top and Bottom assemblies:
required width.

First end assembly:

15m | Assembly buoyant with

-
sufficient length of pipes to
go back on the barge
@ through the stinger to be

Wi, GI Prod CP Joints Assembly Foam connected to the Bundle
Joints Joints Line modules

Second end assembly:

Connection on a side
platform between bundle and
buoyant assembly.

Length of the construction line can be adapted depending on
the size of the chosen barge.

Simple set up due to only one layer
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IHRB | Construction Site

Simple assembly allows nearshore assembly Any sheltered area is acceptable:

on a shallow water barge > No length limitation

» Low spread cost

> Low risk

» Local content cost limited

Near shore construction on
barge with floating bundle
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Verification Of Key Parameters

This new concept can be found surprising at first guess ...

Hydrodynamic and cost studies have been performed to verify the following criteria:
2.70 m |

Design Drivers:

@@0@@@

1.00 m

Feasible in 4000 m water depth

In place hydrodynamic behavior as good as circular concept

Cost Drivers:

Material Take Off comparable to circular concept

1.70 m

Low construction cost




Study Case Description:
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Design Driver | Hydrodynamic Behavior

Current Profiles:

High currents as in South of America
Lower currents as in West of Africa
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Design Driver | Hydrodynamic Behavior

Excursion envelopes comparison for IHRB and Circular Bundle:

High SoA

High SoA
current

IHRB
O BT excursion
current High SoA Current

Circular bundle BT
O excursion
High SoA Current

Low WoA
current

IHRB
O BT excursion
Low WoA Current

N Circular bundile BT
' excursion
Low WoA Current

: Circular
\_ current / bundle
7 anchor

660 m

27N
i

Excursions envelopes of top of Buoyancy tank
for IHRB and Circular Bundle
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Design Driver | Hydrodynamic Behavior

Partial alignment of IHRB with Current

2000 m to 200 m WD

4000 m to 2 000 m WD

—

Gap 300 m

T

Gap 400 m

180°

2000m WD / 23.3°
1700m WD / 22.7°
——~ 1400m WD / 20.6°
— 1100m WD / 16.9°
— 800m WD /11.0°

_ 500mWD/5.1°
200m WD / -1.0°

2000m WD / 23.3°

2400m WD / 20.5°
2800m WD / 13.1°

3200m WD / 7.4°
3600m WD / 4.4°
~ 4000m WD/ 0.0°

First Conclusions:

Equivalent hydrodynamic behavior
as Circular Bundle,

@.-

Equivalent level of constraints in
Core Pipe as for Circular Bundle.

Construction possible whatever
the location and the water depth...

@.-

What about the cost reduction?

Vo

11
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Cost Driver | Evaluation assumptions

Circular Bundle

IHRB
4 000 m
200 km from coast

ltem
Water Depth
Olisliole Sile
Installation Method

4 000 m
200 km from coast

Towing
Onshore Site in WoA

Towing
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Welding

Mechanical Connectors

| Take Off

Ia

Same Mater

Same Material Take Off

Procurement

Cost Comparison

IHRB assembled on Shallow Water Barge

» Circular Bundle assembled on Onshore Site in West of Africa

the only key differentiator

lon Is

=) Construct
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Cost Driver | Construction Cost Comparison

IHRB
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Circular Tower
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Conclusions

The IHRB Configuration allows an easy nearshore assembly;

Remote site followed by surface tow manages high local content cost;

== This concept could be feasible and cost-effective for 4000m depth.
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Thank You For Your Attention

DORIS

Elodie Guittard-Moreau DORIS Engineering
Senior Riser Engineer 58A rue du Dessous des Berges
Subsea Division 75013 Paris — France

guittard-moreau.e@doriseng.com www.doris-engineering.com

Pushing the boundaries of energy production
with integrated




