—

Application of a deterministic-
and
stochastic approach

on exploration projects
in
the Dutch Oil and Gas Industry

December 2015

Marleen Mulder

Master student

Earth Sciences and Economics

V U % \lj:IlJ\fERSITEIT cbn

AMSTERDAM

Supervisor VU: Supervisor EBN:
Prof. Dr. C.A.A.M. Withagen Eric Kreft
Faculty of Economics and Business Administration Technology Department






Title:
Application of a deterministic and stochastic approach on exploration projects in the Dutch
Oil and Gas Industry

Author:

Marleen Mulder

Master student Earth Sciences and Economics
Vrije Universiteit Amsterdam

Student number 1720058

Supervisor Vrije Universiteit Amsterdam:
Prof. Dr. C.A.A.M. Withagen
Faculty of Economics and Business Administration

Second Supervisor Vrije Universiteit Amsterdam:
Dr. O.J. Kuik
Faculty of Earth- and Life Sciences

Supervisor EBN:
Eric Kreft
Technology Department






Table of Contents

Chapter 1 INfrodUCHION ... e 6
1.1 INTrOAUCHION RESEAITI ettt ettt ettt et e st e e be e se e seesaense e saenseenseennnan 6
1.2 Exploration and ProdUCTION IDUSINESS .....c..icuieiieiicieeeeeie ettt ettt ettt ettt et eteeeve e ve e veeeteesseeseas 8
1.3 RISKY IDUSINESS ...ttt ettt ettt ettt ee e e e et e eeaeeeeteeeeaeeeeseeeseeeaeeeeseseensaeenseeeseeenseeeenseeenres 12
1.3.1T VOIUMETTIC CAICUITIONS ..ottt sttt s 12
1.3.2 ECONOMIC CAICUITTIONS ..vieieiieieeiieieeteieete ettt ettt et et see sttt tesaesae et esessesaeeneensas 14
1.3.3 ECONOMIC TN OMIES ..ottt sttt et sttt ae st e s e s beeaeeneansas 16
Chapter 2 The Role of EBN in the Dutch Oil- and Gas Industry............................. 18
2T HISTOTY ettt ettt e e e et et e e et e e e v e e eteeeteeeeaeeeeaaeeeaaeeaeeeaeeeaaeeeeteeeteeeeaeeeeareeenreeenres 18
2.2 OVEIVIEW ACTVITIES ettt sttt ettt et e st e st et et e ese e st et e ssesnsensensesseensanean 19
3 B = (o] (o] (o] 1 o] TSR 20
2.2.2 PrOAUCTION ettt ettt ettt ettt ettt ettt esbe et e s e e s e esseensaenseenseenseenseenseenseenseensenn 22
2.2.3 INVESTMENTS & REVENUES .....cvieiieiieiieteetete ettt ettt ettt et esve e se e se e se e seessaesseenseensean 23
2.3 EConomicC evaluations Ot EBN ........ooiiiiiiiiiieeie ettt sttt st s teste et e s snaesnsesnseens 24
2.3.1 Exploration Decision procedure Ot EBN.......cccciiiieiieiieiieieeeeieeseesieese e eseeseeeseees 24
2.3.2 Deterministic vs. STOChQSHC QPPIOACK ..coviiiieiieiiceeeee e 24
2.3.3 The MONTE CANO ANQGIYSIS .ocuvieiieiieiiecieecieeiteieerie et ettt et este e e esseesseesseesseesseesseesseesseenseen 26
2.3.4 Description of Economic Evaluation programs...........eeeeceeceereeneeseeseeseeseeseesveesseas 27
Chapter 3 Methodology ......... e eeeeeseeesseesssssesnsnnnes 28
CREBIe) o Ml Felol N e ale I K=ol oY e U] 28
B2 INTEIVIEWS ..ottt ettt et e et e st e s st e st e st e s e esees s et e eseeseensenseaneentenseaseeneensenseeneensanen 29
3.3 ECONOMIC EVAIUGTONS IN IPRISK ...eeiiiiiieeeieieseeteee sttt ste st e e ste et esnesssessesesseensaneas 30
3.4 Economic Evaluations in CryStQl BAll........oooueeeoeieeeeeeee ettt 31
KRN =Vel[U]e] le]aNel i Ble] (o ke aTe Koo ] TSRS 31
ChAPTEr 4 RESUIS ... eeesssssssssssssssssssssssssssssnsnes 32
4.1 Data, TOOIS ANA TECNNIGUES ....veeeeeieeeee ettt ettt et e e e e e e eeaee s aeeeeaeeeenteeerseeeneseesreeensesenees 32
4.1.1 DOTQ OVEIVIEW ..ottt ettt sttt et s st et e e sseessessessesseessessensesssensensensesssensensn 32
4.1.2 Example of ecoONOmMIC CAICUITTION ....iiiiiiiiiiieiietetetet ettt e 34
4.2 INTEIVIEWS .ttt ettt ettt ettt e e et e et e s stesatesstessteesseesseesseesseesseenseensaansaasseanseanseensesnsesnseensaensennsenns 37
4.2.7 InTernal INTErVIEWS EBIN ...c..iiiiiieeeeeeeeetee ettt sttt sttt 37
4.2.2 EXTEINGI INTEIVIEWS ...ttt sttt sttt sttt s be et ee e 45
4.3 DATA ANAIYSIS WITI IPRISK ...ttt ettt eeve vt et et eeeve e eeveeeeteeeetseeeaseeesaeenseeennneenns 51
4.3.1 Deterministic calculations iN IPRISK .......coiiiiiiiiieieeeeeteee sttt 51
4.3.2 Stochastic calculations iN IPRISK .......ccviiiieieieiieteee sttt nes 52



4.4 Stochastic calculations With CrystQl BAl .......couveeeveieee et 62

4.4.1 Application Of CrySTAI BQIl .......oooveeeeieeeee ettt et e et eeeeeeneeereeenee s 62
4.4.2 STOCNASTIC EXQMPIE .ottt ettt e tee e eennaeereeenneen 64
4.4.3 Hypothetical Example 3: emphasis on stochastic usefulness.......c.ccevveeveveecveeccneecnnn.. 79
4.4.4 ConcClUSIONS CrySTAl BAll......oeieiieieeeiee ettt ettt eete e e te e s ve e b e eaaeesavaeeareseanne s 81
4.5 Evaluation Of DAOTA AN TOOIS ...ccuieeieiiiieeieieieetetete ettt et ettt ste st e b e sesseessessessesssessassesssessanss 82
4.5.1 DOTADASE EBN . ..ottt ettt ettt ettt et e e eseenseese e seenseenseeseesaensean 82
4.5.2 Merak PEEP — SOftware EVAIUGTON ...ttt 83
4.5.3 IPRISK — SETTINGS ettt ettt ettt ettt ettt ettt ete e te e te e teeete e beeebeeeseeessaeseeaseenseensean 84
4.5.4 IPRISK — SOFtWAre EVAIUGHON ..c.viiiiieieeeeeee ettt 86
4.5.5 Crystal Ball — SOftWAre EVAIUGTION .....ooveiiieeceeeeeeeeee ettt e e n 88
4.5.6 Final Assessment of Economic Soffware Programs ..........cceeceeveeneeneeneeseeneeseeseesnens 89
(D] £ o V11 (o] o IR RNt 923
Conclusions and Recommendations.............criiiiiiiiiiiiiiiircrccrccccrrcececcreeeees 96
REFEIGNCES..... . e e e e e e e e e e e e e e e e e e e e e e e e s 98
List of Figures and TADIES...........eeiiiiiiiiiiireeeeeeeeecccccrnneeeeeeeeeeseessnnnneeeeeesssssssnnnnns 100
List Of APPENAICES......oeeeeeciiiieeeeetccccceeeetrereerrreeee e e e eeeeesssssessseeeessssssnssssnsssesesaes 102



Chapter 1 Intfroduction

This first chapter provides an introduction into the business of the Oil and Gas industry.
By the use of basic geological- and economic principles the main topic of this research will be
explained: how should be dealt with uncertainties in exploration well decisions?

1.1 Infroduction Research

The worldwide demand for primary energy is expected to increase at an average annual
growth rate of 1.2% to 17.376 Million tons of oil equivalent (Mtoe) in 2035. In these projections!
the fossil fuel share decreases from 82% in 2012, to 76% in 2035, and the renewables share
(containing nuclear, hydro, bioenergy and others) increases from 18% to 24% (IEA, 2014).
Despite the decreasing share of fossil fuels in future energy consumption, the annual growth
rates for gas demand are increasing. A plausible argument is that gas is the cleanest fossil fuel
and fits in the fransition fowards a sustainable energy provision. Renewables should be
stimulated, however they cannot satisfy the world’s growing demand for energy. Moreover
energy supply provided by renewables is infermitting, meaning that gas as cleanest fossil fuel
will, given the current opftions, always be needed to fill the gap.

Natural gas has the largest share in the energy supply of the Netherlands since the discovery of
the Groningen Field in the 1960’s. Total consumption of the domestic natural gas lied around
50 Billion Cubic Meters (BCM) in 2012. This amount will not be met again in the future, since it
has been generally recognized that the production of Groningen gas causes local
earthquakes (Focus on Dutch Oil and Gas, 2015). This led to a negative view of Dutch citizens
on gas production and forced the government to intervene. The maximum level of gas
production was setf to 42,5 BCM in 2014. In 2015 the total production from The Groningen Field
will not exceed 33 BCM, as the government recently decided. Staatstoezicht op de Mijnen
(SodM), a monitoring instance of the Government, advised to reduce gas production as much
as possible, as the safety of the Groningen citizens comes first. The minimum level to assure
security of supply of 7 million households using Groningen gas for cooking and stoves is 33
BCM. From 20156 it will be seen how to determine a safe and constant production level of gas
(www.rijksoverheid.nl).

So far a total of 3345 BCM of gas has been produced in the Netherlands (territory and offshore
together). More than 1500 BCM has come from the small fields and approximately 550 BCM is
still available (Natural Resources and Geothermal Energy in the Netherlands, July 2015, and
Focus on Dutch Oil and Gas, 2015). A uniform classification system, the Petroleum Resource
Management System (PRMS) has been adopted in 2013 that helps to determine the future
domestic gas production. It distinguishes reserves, contingent resources and prospective
resources, all still present in the subsurface (Guidelines for Application of the PRMS, 2011).
Reserves are defined as discovered gas volumes that are commercially producible.
Contingent resources are potentially producible, however not yet commercial. The difference
between contingent and prospective resources is that the latter needs to be discovered first.

1 According to the New Policies Scenario defined in the World Energy Investment Outlook 2014



Due to past extensive exploration and production of hydrocarbons, the majority of large- and
relative easy fields in the Netherlands (but also worldwide) has been explored and produced
already. From a geological- and technical perspective a field is labelled as “easy” when
hydrocarbons have been found without the need of fechnical innovations that are required
today, to find and produce the challenging fields. Shallow gas production by means of
shallow horizontal wells is an example in which sophisticated technology needs to be applied.
From a world-perspective it is likely that remaining promising fields will be found at distant
locations as deep-water offshore and the Arctic (IEA, 2014). For such operations extensive
knowledge and technologies are required and automatically associated with higher costs.
Coping with increasing risks and challenges results in rising finding- and development costs per
barrel, as was published in the World Energy Investment Outlook 2014 (IEA, 2014). Proper
financial predictions are therefore of high relevance, taking these increasing difficulties and
uncertainties in the (near) future into account.

This research will focus on the phase of the oil and gas industry where many uncertainties
occur: the exploration phase. Exploration is the phase prior to production and in which
decisions are based on assumptions as the field has not been discovered yet. Therefore many
factors are uncertain and estimation errors can have a high effect on the economics
(Demirmen 2007).

Energie Beheer Nederland (EBN) approaches its current economic analysis for standard
exploration decisions deterministically. This is a scenario-based approach, where several
expectations are being evaluated towards the decision if an exploration well should be drilled
or not. It is questioned if this is the ideal way to approach such decisions that are associated
with large uncertainties. Perhaps a sfochastic approach would be of more value to EBN's
decision makers, where a Monte Carlo simulation is able to take all uncertainties into account.
Given the fact that this industry deals with many uncertainties (geologically, but also
economically), a stochastic approach possibly enriches the economic evaluations. This
research is of importance to EBN, as it will fry to explore whether a stochastic approach would
be beneficial fo the decision makers at EBN. Exploration decisions between 2010 and 2014
have been analysed to investigate the benefit(s) of the stochastic approach.

The research question of this study is defined as:
Does a more advanced exploration decision process lead to a better quality resulte

An advanced exploration decision process is defined here as a stochastic- instead of a
deterministic approach of the economic analysis for exploration well decisions. A result is of
better quality when insights in uncertainties are improved, guiding the decision process.

The research question will be answered with a set of sub-questions:

a) Is EBN willing to change from a deterministic- to a stochastic approach?

b) How much do the results of a deterministic- and stochastic approach differe

c) Whatis the added value of a stochastic approach for the decision making process at
EBN?

The remainder of this report contains information that is (temporarily) confidential.





