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Resource pyramid and the Hungarian Unconventional play types�


Strategic joint venture with ExxonMobil in Hungarian

MOL-ExxonMobil strategic joint venture

relies on synergies based on:

MOL'’s understanding of local
geology

MOL'’s acreage position in the Mako
and Bekes basins

ExxonMobil’s unconventional
expertise and proprietary

technology

Milestone’s of the joint venture:
May 2007: Agreement signed to
prepare a Joint Technical Study
(JTS) for Maké and Békés basins to

evaluate unconventional potential

April 2008: start exploration on

MOL’s acreage in Maké trough area

April 2008: cooperation with TXM

on TXM’s area in Maké trough

unconventional exploration
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» MOL and ExxonMobil are 50%-50% coventurers in MOL'’s acreage in
Mako trough area
» MOL and ExxonMobil follow jointly elaborated exploration strategy in

Mako basin

(*) subject to MOI’s decision
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Technical program of the joint venture in Maké trough area

Joint Technical Study prepared for

Maké and Békés basins

Based on the promising results of
the JTS MOL-ExxonMobil decided to

launch an exploration program on

Mako-West area and
Mako-East area

The aim of the Maké exploration

program is to

Reduce uncertainty on HC

resource distribution and
producibility
define costs related to

production

estimate the budget for

drilling & fracing the wells

In success case, field development

and starting of production is planned

for 2012 - 2014
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Project Evaluation

Exploration Appraisal

Reduce uncertainty
on HC resource
distribution

Reservoir
producibility

Development Pilot

Select development
concept to maximize
economic
productivity

Development — Production
Achieve / maintain
economic production
levels
Continuous field
development

High well density (2-3
well/km?)

Will require growth in oil field
services in Hungary

v

+———2-4 years > < 2 years >

Exploration Appraisal

< 30 years

Resource delineation
Seismic and drilling activity

Exit the project

Test / develop
technologies

Exit the project

Development—>Production

It would require ~2000 wells to produce
the hydrocarbons resources in the Maké
area
Approximately 50 wells per year

* In-place resources

n

* Recovery rates — efficiency

Uncertainty
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MAKO WEST AREA

z

MAKO EAST AREA

Maké Trough work program

Committed Exploration Work Program based on MOL-
ExxonMobil Joint Technical Study
Goal: Prove commerciality of production

* Drilling 4-6 new wells

» Testing, fracturing wells

Initial Work Program

1. Primary focus: testing Szolnok geological formation

* reentering, testing & fracturing existing wells and
lor drilling optional new wells

2. Secondary focus: Endréd formation, Basal Conglomerate

L Field Development and
Piloting Production
Exit the project
2012
| |
1 1 | |
1 1
2010

Appraisal Work Program
« Drill additional wells to further
delineate resource

Exit the project

Field development and
production

Exit the project
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rock containing original organic

matter is a source rock:

80% of the world's sedimentary
rock volume

1% to 2% organic matter

less than 1%, is able to undergo

migration out of the source
bed to accumulate within a
porous and permeable
reservoir.

Requirements for Petroleum Accumulation

< 30% of organic
matter is converted

to petroleum
99% of petroleum l

is lost or dispersed

1% of petroleum
is trapped

1% of source rock
is organic matter

Sedimentary Basin

= mature source rock £

Source: IHRDC IPIMS.ep » MIOL GROUP
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Presentation Notes�
The task of finding a petroleum field is not a simple one. 

First, there must be a rock containing original organic matter--a source rock . 

Usually this is a mudrock or shale, which is a very common rock type and makes up about 80% of the world's sedimentary rock volume. 

However, even an average shale contains only about 1% to 2% organic matter, and this number can vary widely. 

Many shales have very low organic content and make poor source rocks.

Then, the source rock must be buried deeply so that temperature and time can cause the organic matter to mature into petroleum. 

This usually requires deposition into sedimentary basins, depressed areas thickly filled by sediments. 

Our search for petroleum is further limited, since over half of the world's continental areas

 and adjacent marine shelves have sediment covers either too thin or absent.

Even where the organic matter can become mature, not all of it becomes petroleum. 

In a typical example ( Figure 1 ) a normal marine shale with only 1% original organic matter

 will have less than a third of it converted to the hydrocarbon molecules that make up oil and natural gas. 

The rest remains behind as an insoluble organic residue.

However, the least efficient step is yet to come. 

Of all the petroleum generated, only a small part, usually less than 1% (Hunt, 1977), 

is able to undergo migration out of the source bed to accumulate within a porous and permeable reservoir. 

The majority of petroleum, or even in some cases all of it, will be dispersed for lack of a good arrangement of strata to trap it,

 or will leak out to the surface, for lack of a good impermeable seal or caprock. 

Five factors, therefore, are the critical risks to petroleum accumulation ( Figure 2 ): 

a mature source rock, 

(2) a migration path connecting source rock to reservoir rock, 

(3) a reservoir rock that is both porous and permeable, 

(4) a trap, and 

(5) an impermeable seal. 

If any one of these factors is missing or inadequate, the prospect will be dry and the exploration effort will be unrewarded. 

Not surprisingly then, less than half of the world's explored sedimentary basins have proved productive, 

(Huff, 1980) and typically only a fraction of 1% of the petroleum basin's area, and at most 5% to 10%, is actually prospective �


Requirements for Petroleum Accumulation

Material originated from different
kinds of living organisms,

with different kinds of

biological molecules,

kerogens will not all have

the same chemical
compositions and will yield
different types and

amounts of petroleum.

Source: IHRDC IPIMS.ep » MIOL GROUP


Presenter�
Presentation Notes�
Type I kerogen is derived mostly from the remains of algae, and when it matures it yields mainly crude oil. It is also capable of generating the most petroleum of all the kerogen types. Type II kerogen consists mostly of amorphous material, derived from the bacterial and mechanical breakdown of a mixture of marine, one-celled plants and animals. This kerogen is also oil-prone but yields more natural gas than Type I. Type III kerogen, derived from the higher land plants, is sometimes known as coaly kerogen. The humic material in Type III kerogen has a low capacity to form oil and yields mostly natural gas. Type IV kerogen consists mostly of inert particles that have been highly oxidized before burial, like charcoal. It is the rarest kerogen type and has practically no ability to generate either oil or gas. �
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Petroleum is generated when kerogen is subjected to the increased temperatures that accompany sediment burial.

The temperature range between about 60°C and 175°C is commonly called the oil window. This is the principle zone of oil formation. It begins at burial depths of 1 to 2 km and ends at depths of 3 to 4 km in most areas, depending on factors such as the geothermal gradient. The first oil generated is heavy and tends to be richest in aromatic and NSO compounds. As burial and temperature increases, the oil becomes lighter and more paraffinic. At temperatures much above 175°C, the generation of liquid petroleum ceases and gas formation becomes dominant. When formation temperatures exceed 225°C, most kerogen has used up its petroleum-generating capacity. Source rocks become overmature. However, some methane can still be created, even at these very high temperatures, by the breakdown of the larger, heavier molecules of previously generated crude oil.

Since the conversion of kerogen to petroleum is basically a series of chemical reactions, time must also play a major role in this process. Young, Tertiary-age rocks must be deeply buried or have high geothermal gradients in order to generate significant amounts of petroleum. Although generation, migration and entrapment have been documented in rocks as young as 1.0 to 1.5 million years old, major petroleum accumulations have not been found in rocks less than 10 million years old (Halbouty et al., 1970). On the other hand, some older Paleozoic and Mesozoic source rocks may not have been buried very deeply, perhaps only to the uppermost part of the "oil window", but have still generated petroleum because of the time factor. However, in most petroleum occurrences, temperature appears to be a more significant factor than time.�


Unconventional tight gas — Basin Centered Gas Accumulation

Land surface

Conventional
structural oil
accumulation

Conventional Coalbed gas
structural gas Conventional

accumulation stratigraphic gas
accumulation

Transition
70Nnes

e &

Continuous gas
accumulation

Tens of miles H

(Pollastro and others, 2003)

» MOL GROUP

10



Basin Centered Gas Accumulation — Maké trough
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Mixed lithology consisting of alternating
sands, marls and siltstonas

Sandy shale

Marls and shales

Sandstone

Gonglomerate and tectonic breccia

Basement (Metamorphic and crystalling)
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Basin Centered Gas Accumulation — Maké trough
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ExxonMobil’s Multiple Zone Stimulation Technology
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SPE - PRMS Classification system
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Presentation Notes�
Classification system is a tool of indicating and handling risks and uncertainties both subsurface and surface

Classification system is a toll of indicating risk &

uncertainties and highlights the growth opportunities 

and time frame of their implementation

Project status: additional information indicating the ways and means of developing physical quantities�


Continuous field
development

High well density (2-3
well/km?)

Resources of the basin
>2000 MMboe (>340 Bcm)

MOL controls approximately
40% of the Mako basin
acreage

Appr. the 30% of the basin’s
resources could be
recovered in the next 30
years with 50 wells drilled
per year

Will require growth in oil
field services in Hungary

Initial assumptions on resource distribution of the Maké Trough

Field Development

It would require ~2000 wells to
produce all hydrocarbons from

Resources & Production

>

Mako area

Approximately 50 wells can be
drilled in one year in our

current knowledge

Discounted payback period of
a well is 2-3 year

Wells are drilled through the lifetime of the project

The following charts show the acreage within the Mako basin controlled by MOL

19.12%

40.44%

Mako Basin
Acreage Under License = 2769 km?2

40.44%

mEM
m MOL
XM
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Economic valuation — main assumptions

Unconventional wells vs.
conventional are

Deeper
More expensive
Produce less

High initial production
Rapid production decline to

a relatively low but
sustainable level

Cost Estimates

> Surface facilities: USD 22-28 million + USD 6-11 million/year
> OPEX: USD 2-3/boe
> Well cost: USD 8-12 million

Comparison of Single Producer wells in the Maké Trough Area
Well Cost Depth

Conventional ' ’

Unconvertionai 1 1

USD million km

Total Production Lifetime

Conventional ‘ ‘

Unconventona 1 T

0 50 100 150 200 250 300 0 5 10 15 20 25 30
MMcm year

Geological challenge is understanding . . .
hvdrocarbon distribution Technical challenge is the producibility

The overall probability of success reaches a certain threshold

encouraging MOL to start exploration program

> MOL GROUP |



Unconventional exploration as a way of organic growth in Upstream

» Unconventional resources play an increasing role in worldwide
hydrocarbon production, mainly due to pricing and technical

developments

» In Hungary, due to pricing and regulatory issues, the time has just come
to start to put serious efforts to this area

» MOL is the largest acreage holder for unconventional plays in Hungary
and is the owner of a well-developed infrastructure

» MOL devised a differentiated strategy for various Hungarian basins with

unconventional potential

» Based on joint studies prepared by MOL and Exxon experts, the overall
probability of success reached a threshold encouraging MOL to

participate in the Maké Trough exploration programs

» MOL’s local strengths joined with ExxonMobil’s expertise and
proprietary technology create a unique combination for unconventional

hydrocarbon exploration in the Maké trough

» In case of success, unconventional gas production may play a

significant role in MOL’s production portfolio long-term

» MOL GROUP | ..
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