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E&P in the Netherlands

Offshore challenges

Stimulating oil and gas activities in the Netherlands
1. Small fields policy

2. Easy access to data

3. Innovation Program

Summary

Way forward
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Produced volume (BCM)
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HISTORIC PRODUCTION & FORECAST
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PRODUCTION FROM SMALL FIELDS
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1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040
Produced and in production (cat 1) Prospective resources (cat 8 & 9)
. Produced and in production (no EBN) . High case contingent resources (cat 5)
. Approved or justified for development (cat 2 & 3) . High case contingent resources (cat 6)
Development pending (cat 4) B Tight gas development (cat 9)
Development unclarified (cat 5) Shale gas development (cat 9)

. Development currently not viable (cat 6) . Increased exploration effort (cat 9 & 10)
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LARGER CAP ON GRONINGEN GAS

» Production caused 196 earthquakes in the region in the past two years
» Major public resistance to gas production

» 1 july decision whether the output should be limited to 35 or 39.4 BCM/y
(current target = 42.5 BCM/y)

B
Commodities | Tue Apr 14, 2015 7:00pm BST Re\atid: REGULATCORY NEWS r .
UPDATE 3-Dutch aovernment to halt aas output in part - R
of Groningen fi Dutch court limits fracking on

0000CO06G¢C

earthquake fears

ISIS ALMEIDA AND ELCO VAN GRONINGEN
Bloomberg Mews

Published Tuesday, Apr. 14 2015, 4:55 PM EDT
Last updated Tuesday, Apr. 14 2015, 4:57 PM EDT
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NETHERLANDS FROM 2025 FROM
IMPORT TO EXPORTING COUNTRY
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Gas production — BAU scenario (including Groningen) . Small fields natural gas — Upside scenario
=== Natural gas consumption (ECN baseline 2013)
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OFFSHORE DEVELOPMENTS

1962 - First exploration drilling

1974 - First offshore gas development L10/L11a
1986 — First lower cost tripod facility

1988 — First subsea wellhead facilities L10-S1
2009 — power generation from windmills and

V Vv vV v

solar panels on monotowers (K17/L9/M7)
» 2011 Re-use of platforms (restricted to same
affiliate)

L10A GDF Suez Netherlands.BV
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Declining volumes and margins

Tail-end production,
Declining pressures leading to flow instabilities and precipitation
Water production and disposal
Liquid loading
Salt (halite) precipitation

Ageing and outdated infrastructure and facilities
Abandonment operations

Stranded fields

| GOT IA, Perth 2015
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Expensive to exploit
Higher exploration risks
High production costs

1974 : small fields are produced as priortiy to the Groningen field
2010: ‘Marginal Fields Tax Allowance’
For economically marginal field due to small volumes and high

production costs
Tax deduction of additional 25% of the investment
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STIMULATING OIL AND GAS ACTIVITIES

y Over 5000 wells EASY ACCESS TO DATA
) Over 500.000 km2 2D seismics
) Over 70.000 km?2 3D seismics 2-5y confidentiality

) Many reports
Reservoir parameters

Gas composition
Pressures
Etc.

W N v
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STIMULATING OIL AND GAS ACTIVITIES
TKI = UPSTREAM GAS INNOVATION

» National consortium to achieve ambitions of the Netherlands on
hydrocarbon exploration and production

» ~2 M€y (50% government)

» Coordination: TNO

» 2012-ongoing

» Partners from Industry, SME, University and RTO'’s

centrica
wintershall
KEMA =4 —F.IERD

SIEMENS | i

ersiteit Utrec TU/e ROYAL ﬁASKONlNG
@
Howden g NCEPA

rijksuniversiteit NETHERLANDS OIL AND G4
CuADRILLA S groningen Heowden Thamassen Compressors Petroleum

Chevron b4

ORAN|E-NASSAU
EMERGII
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Mature fields New Fields Tough Gas

Infrastructure

HSE & reliable operations

Hardware (Sensing, Actuation, Compression)

Societal Impac@and Human Capital _

| GOT IA, Perth 2015
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OFFSHORE INNOVATION PROJECTS
2012-2014

Budget Funding

Theme Projects (K€E) (%)
Enhanced Gas Recovery EGR Technical & Economical feasibility 390 50%
Compression Integrated compression solutions 250 50%
High Frequency Dynamics Guideline 150 50%
Real Time Optimization Real time Monitoring & Optimization Mature Gas Fields 780 50%
Salt Deposition Prediction and mitigation of salt precipitation 1100 50%
Water management Produced water treatment 575 50%
Prediction of the effect of foamers 990 50%
Gas well deliquification  Hydrofobic coatings for mitigation 150 50%
Predicting unstable flow 200 75%
Well abandonment Well abandonment: Ductile formation sealing 150 75%
Total 4735

| GOT IA, Perth 2015



LIQUID LOADING
FOAMERS

» How to select the best foamer to
mitigate liquid loading?

» How to predict the effect of a foamer
in the field?

» Experiments and modeling
» What are the most important
parameters |
» How can we quantatively predict the
effect of foamers on gas

production? |
{ ( ) W
%@3 ~ GOF S\eZ

YRANJE-NASSAU
ToTAL L .
NAM ENERGII
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SALT DEPOSITION
NEAR WELL BORE

> How to select predict salt deposition and its
effect on gas inflow?
> How to mitigate salt deposition?

» Experiments and modelling
> Where and when does the salt precipitate? / u L

> How can we minimize deposition and L
optimize fresh water washes? & m/\
()

W

| GOT IA, Perth 2015
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4136.93 m
0O w/min

130 C

17:35:31%

permFactor

0.756

Permeability reduced to zero near well

Wellhead Borehole Formation
I::'wh th Pr

first production
depleted well /




REAL TIME OPTIMIZATION

> How can we optimize production from a mature platform with unstable and

discontinuous producing wells?
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» Make dedicated models for flow phenomena and equipment
> Monitor flow based on model based data interpretation methods
» Dynamic Optimization of production meeting based on objectives and constraints

ﬂ)edicated models
* Reservoir
*  Well dynamics
+ Salt precipitation
* Liquid loading
+ Compressor degradation
» Compressor trains

e Turbines
& Etc

N

« Filtering

Raw data » Reduction

17 | GOT IA, Perth 2015
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Processed
data

~

» Model integration
» Model reduction

* Real time update
* History match

feed back
Model tuning with

measured production
data

S

Model based
data

interpretation

min J;=QM;+W[QSF—ZQ,—QM;]E \

* Back allocation

« Real time s deviations alarm
monitoring Control & * Optimization advice
* Soft sensing Optimization « Value of information

* Closed loop optimization
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Decreasing volumes of gas in the North Sea
Maturing fields

Maturing infrastucture

Expensive development

To stimulate offshore E&P
Small fields policy
Data accessibility
R&D efforts within TKI upstream gas
Production optimization and cost reduction.
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