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PREFACE

This paper was borne in response to various claims made by both private firms and state agencies
regarding the promise of shale gas as a cheap source of energy in South Africa. We undertook our
own research and analysis on some of these claims. We have gone into far more detail than many
reports have attempted by linking geology, environment, technology and financing. This report is
the first edition as we will try to regularly update our analysis as our own knowledge grows. The
issues we cover here are as comprehensive as we could be; hopefully we can set the basis for more
work in this area in future.

Many of the claims made locally are based on the US experience. The majority of such claims reflect
alack of understanding both of the US experience and of the fact that for something to be replicable,
the context has to be similar. As is already known, conclusions reached regarding the extraction of
shale gas in the US have to be understood within the correct context and any extrapolations made
must be adjusted for local conditions. Much of what is said in the local media merely touches on
the politics of the debate rather than exploring the technical and economic aspects in more detail.
Our own need to understand the issues led to a multitude of literature reviews, conversations and
analyses of the technical material in order to undertake a proper unpacking of the economics of
shale gas in more detail.

The publicity around the potential of shale gas in South Africa has focused primarily on the
environmental and social implications. There has been comparatively little attention given to the
critical assessment of whether or not hydraulic fracturing (fracking) would be commercially viable.
The implied assumption (claimed by proponents of the oil and gas industry) is that vast amounts of
money could be made by the oil and gas industry, landowners, local communities and government.
The purported benefits of shale gas are largely based on what can be drawn from the US and Canadian
experience. We draw, though, the bulk of our analysis from the US experience. Opinions on these
benefits are divided between different experts in the light of the large write-offs of assets and value
experienced by the oil majors such as Shell and others.

Given that the field of shale-gas economics is fairly new and that there is much room for growth in
our understanding in South Africa, this paper attempts to summarise the core issues as they relate
to the geology, the hydraulic fracturing technologies and the environmental factors that drive the
extraction of shale resources and shale gas in particular. The author is not an expert geologist nor
shale-gas operator and has relied on various sources in his attempt to connect the dots between the
various fields to make an early appraisal of the issues that are likely to influence shale gas extraction
in South Africa. This paper at best represents a modest attempt at the synthesis of the prevailing
knowledge.

This report is designed to frame the economic issues pertinent to shale gas in South Africa. While
the model proposed for assessing the economics of shale gas has not been tested for South African
conditions, it does provide some possible approaches that warrant consideration. The report
provides some preliminary conclusions. Readers who are unfamiliar with the technical aspects of
the subject can refer to the references for further explanations of some of the technical issues. We
hope the reader will find this informative and be better equipped to participate in the ongoing debate
and policy-making process for shale gas as a result.



GLOSSARY OF TERMS

Bcf - Billion Cubic Feet
[1 billion cubic feet of gas can supply the cooking, heating and other household needs of
10-11000 homes for a year]

CBM - Coal Bed Methane

CNG - Compressed Natural Gas

DCF - Discounted Cash Flow

DFW - Dallas Fort Worth

EIA - Energy Information Administration
EUR - Estimated Ultimate Recovery
F&D - Finding and Development

G&A - General and Administrative Costs
GIP - Gas in Place

GTL - Gas to Liquids

IDDRI - Institute for Sustainable Development and International Relations
IP - Initial Production

IRR - Internal Rate of Return

LNG - Liquefied Natural Gas

LOE - Lease Operating Expense

LPG - Liquid Petroleum Gas

Mcf - Thousand Cubic Feet

MPRDA - Mineral and Petroleum Resources Development Act
NGL - Natural Gas Liquid

NGV - Natural Gas Vehicle

NOC - National Oil Companies

NPV - Net Present Values

OEM - Original Equipment Manufacturer
SRV - Stimulated Reservoir Volume

T&F - Transportation and Fractionation
TOC - Total Organic Carbon

USGS - US Geological Survey

VPP - Volumetric Production Payment

WACC - Weighted Average Cost of Capital




1. INTRODUCTION

MAIN FINDINGS

o Thereis growing global interest in gas as a means of diversifying the energy mix.
*  Gas demand is expected to double within the next two decades.
e Publicity around the potential of shale gas in South Africa has focused primarily on

environmental and social implications with insufficient attention to the economics.

e Five key drivers influence economics and commercial viability of shale gas dealing with
environmental externalities issues.

o Initial South African shale-gas resource estimates are substantial but subject to great
uncertainty and possible further revision.

e The economically recoverable reserve is yet to be determined.

»  Exploration rights are still to be granted.

e The economic proposition of shale gas holds relevance for the public sector and society at
large.

e The economic viability of shale gas could be assisted by the regulated domestic price of gas or
international benchmark prices determined by the global market.

*  Wellhead economics are key to the economic sustainability of shale-gas extraction.

This paper seeks to reflect on a number of contending issues related to shale-gas development and
economics in South Africa. This is WWF South Africa’s first high-level assessment of the issue.

1.1 GAS IN THE GLOBAL ENERGY MIX

Because many countries have used most of their coal reserves, gas is a serious consideration as a
means to diversify energy supply. In addition, considerations of cost, environmental externalities
and energy security would weigh heavily on the minds of energy planners. It is fair to say the world is
certainly transitioning to a more diverse energy mix, though it is probably still too early to say which

is going to be the dominant source in the future. Gas, though, will play an influential role.

Global use of coal is subject to increasing constraints and this is one of the reasons why gas is being
looked at more seriously. World supply of gas is primarily from conventional sources. In the last
decade, increased supplies of gas from unconventional sources have been forthcoming from shale
gas, tight gas and coal bed methane (CBM) following the shale-gas boom in the US and exploitation
of CBM sources in Australia. Unconventional sources of oil and gas are reliant on reasonable or high
enough oil and gas prices to ensure economic viability. Interest in gas exploitation in South Africa

follows growing interest globally. Gas demand is expected to double within the next two decades.

1.2 THE FIVE KEY DRIVERS OF SHALE-GAS ECONOMICS

Based on our current knowledge and assessment, we argue that shale-gas extraction has, at best,
marginal economics and that its commercial success is largely dependent on five key drivers: 1) rate
of technology learning and efficiencies, 2) good knowledge and understanding of the geology, 3) a
high enough price for gas or oil and other incentives, 4) the timing and scaling of drilling intensity,
and 5) the cost of mitigating the externalities for both the short and long-term.



All five of these drivers are at the core of the economic and financial viability of shale-gas production
and, despite the hype, are sensitive to various conditions. Whether or not one is in favour of fracking
for shale gas, the drivers remain the cornerstone of the economics and any one of these factors can

throw out the economic viability.

It will be useful, in future, to compare the US experience with that of other countries and assess
how these five factors exert an influence on the commercial viability of shale gas in these countries.
As we will show later, some preliminary work in other countries — which we have yet to study
extensively — shows that it can be difficult to make the economics work when you consider all
the factors that have to be taken into account and the degree of inconsistency and variability in

performance they can throw up.

As far as externality costs are concerned, our primary focus will be on in-field or production
externalities and reclamation costs. In other words, they will be confined to the development
and production aspects of shale gas. Some externalities may be unknown in terms of their
nature, frequency, risk characteristic and future mitigation costs. As our knowledge grows, such
externalities will have to be factored into the production cost of shale gas. This report will not go
into the draft regulations for hydraulic fracturing currently being developed by the Department of
Mineral Resources. The Department of Mineral Resources has released draft technical regulations
on oil and gas exploration and production, including shale gas and hydraulic fracturing. The draft
regulations were gazetted on 15 October 2013. In addition, in August 2013, the Department of Water
Affairs (DWA) declared fracking a controlled activity in terms of the National Water Act, requiring
the approval of a water use license for this activity. Detailed regulations are still be developed and

released for comment.

1.3 DEVELOPMENT OF SOUTH AFRICAN SHALE GAS

South African shale gas resource estimates are placed at around 485 trillion cubic feet (Tcf) while the
economically recoverable reserve is yet to be determined. Exploration rights are still to be granted
even though a government moratorium has been lifted. Exploration for shale gas in South Africa is

only likely after drilling, water and minerals regulations have been finalised.

Much of our analysis has been dependent on knowledge and experience from the US. As a result, we
do not know the true economic potential, the well head costs, nor whether the Karoo geology will
yield any long term sustainable product. While the information gaps are significant, the domestic

knowledge base is growing in leaps and bounds.

1.4 1S A SHALE GAS INDUSTRY VIABLE IN SOUTH AFRICA?

We seek to address the question of whether wellhead prices will be competitive by constructing a
base economic framework for how to assess the economics of wellhead costs, the implications on
the pricing of shale gas for the domestic market, and the domestication and beneficiation from gas
usage. We thereby develop a collage of potential environmental externalities and explore whether
these can be mitigated by building these costs in the drilling and production phase of shale gas. We
further consider long-term externalities where costs are difficult to predict but can be dealt with

through various interventions.




While it is true that private developers should be left to decide the economic proposition of shale gas,
extractives are not only about private investment and the associated risks to investors.

They also hold relevance for the public sector and society at large. From the perspective of the public
sector, an understanding of the economics of shale gas not only influences appropriate fiscal policies
and regimes, but also helps to clarify whether the exploitation of the resource justifies other public
spend and incentives to make shale-gas extraction a viable proposition. A more sober assessment of
the resource potential is essential, not only to allow for a more robust debate, but also to inform the

extent to which public funds should be allocated towards the development of the resource.

Secondly, the economic viability of the production cycle of shale gas could be determined by the
regulated domestic price for gas. To arrive at such a price, the wellhead economics need to be
understood and made transparent. These costs should be inclusive of environmental mitigation
costs. At present there is an information asymmetry. Multinational corporations vying for
shale-gas plays in South Africa enjoy an information and knowledge advantage that is already
influencing not only the nature of the debate, but could in future influence the framing of fiscal
policy and how environmental externalities are dealt with going forward. Asymmetries can only be

resolved through better information and transparency.

Better understanding of the make up of welhead costs begins to level the knowledge playing field.
Greater understanding of the issues enables different decision pathways to be thought through more
carefully when considering whether to exploit a resource, the timing of the exploitation and the pace
at which it should be exploited.

A vast resource can be both a bane and a boon for the domestic economy. Beneficiation pathways
are not only determined by gas prices, but also by the longevity of the production process and the
size of the resource. The scale and thresholds of the externality impacts give a measure of the benefit
and costs so that trade-offs can facilitate prudent choices while decisions are facilitated by sound
grounding of the science and economics. In the end, those with a personal incentive to extract make
their case on the promise of jobs and benefits to the economy. All claims in this regard must be
properly evaluated® as claims of jobs and benefits are meaningless in the absence of proper context

to establish their veracity and the capacity to deliver these outcomes in reality.

We believe the wellhead economics are key to the economic sustainability of shale-gas extraction and
the use of gas in the broader economy. We believe a grasp of this provides for a better assessment of
downstream benefits and puts more realism to claims being made about economic spin-offs. The US
example is used widely. These are the only shale-gas plays we can draw on for real life experience.
The explosive growth in academic and grey literature only testifies to the hunger for understanding
given that the commercial production of shale gas dates back to 20042 An understanding of the
performance of the shale-gas industry is only growing as more experts analyse the experience in
field. We draw on some of these experiences to pull lessons for South Africa. Our study is based on

several interviews along with a review of academic and non-academic literature.



2. ABRIEF HISTORY OF SHALE GAS IN THE US

MAIN FINDINGS

e The US shale-gas experience is not necessarily replicable elsewhere.

« In other countries, extraction has proven less economical than envisaged.

*  Recently, oil prices have plummeted putting mega projects at financial risk.

»  Several endowment factors have supported the rapid commercial development of shale-gas
extraction in the USA.

e Technological improvements have been key, but geophysical characteristics may, in the end,
defeat technogical breakthroughs.

Drawing from the US is useful with the caveat that the US experience is, perhaps, unique and possibly
not replicable elsewhere. It is a point repeatedly made by experts like Leonardo Maugeri3; a well-
known oil and gas expert in the US. Maugeri goes as far as to say the US shale-gas experience will
stay in the US#. The proposition remains to be tested, but preliminary attempts in Mexico5, Poland
and other European countries®, China’ 8 and Australia® are proving to be difficult' and extraction
has been found to be less economical than originally envisaged'. Maugeri’s thesis may still hold for
a while. Others who have also examined US shale-gas plays are contesting the long-term economic
viability® of shale gas arguing there is more hypesthan is warranted by reality*4'> The debate on the
longevity of shale gas is a contested issue and one which requires some clarity regarding different
aspects of shale gas in order to properly appraise the various claims*. We provide some insight
into these issues later in the report that no doubt will give a far clearer perspective than has been
attempted for the South African context.

The exploration of unconventional reserves comes at a period in the oil and gas history when the
majority of oil and gas reserves are owned by national oil companies (NOCs). The ‘seven-sisters’
(now the big five oil majors) have restricted access to and ownership of a substantial portion of
the world’s conventional plays. Many of these conventional sources are low-cost fields. In order to
ensure reserve replacements that are large enough to keep their businesses going they are scouring
the earth for new reserves, primarily unconventional plays that have largely remained unprofitable
as these are frontier petroleum activities characterised by high risk and significant technological
challenges?. Unconventional sources and riskier oil and gas finds require good rates of return from
high gas and oil prices to make the economics work. Recently, oil prices have plummeted by 50%
from historic highs. This puts some of the trillion dollars worth of mega projects at financial risk as
many projects were planned when oil prices were around $100/barrel. Frontier petroleum and gas
exploitation implies higher capital cost with lower rates of reserve replacement compared to the
historical trends that were possible with easier and lower cost oil and gas finds*®.

In the US, frontier petroleum reserves became the only real option after geologist M.K. Hubbert
convincingly showed that the US conventional reserves of oil and gas would peak in the 1970s". This
opened the space for new players as the majors vacated the US. Medium-size firms or oil and gas
minors were less risk averse. Desperation became the mother of innovation and this, combined with
operational flexibility to experiment, helped unlock the potential of shale gas. George Mitchell, the
early pioneer of hydraulic fracturing, was desperate for new sources of oil and gas to ensure continuity
of supply for his company, Mitchell Energy2°. Mitchell invested over a quarter billion dollars in the
development of the Barnett Shale from 1981 to 1997 to unlock its shale hydrocarbon reserves'.




Mitchell was able to take advantage of existing geological knowledge from conventional plays to
exploit hydrocarbons from sources beneath these conventional fields. The early exploratory work by
Mitchell was able to capitalise on favourable geology and sound knowledge.>>

There are several in-country endowment factors that have supported the rapid commercial
development of shale-gas extraction in the USA in the context of an already well-developed and
mature oil and gas industry=3:

1. Technological innovation and learning spill-overs are a product of US entrepreneurs and were
largely developed by minors who were willing to take some big bets and conduct rapid in-field
innovations. Once these were accomplished, the spread of knowledge and innovation was rapid
due to the geographic proximity of players in the industry;

2. TheUShas awell-developed oil and gas industry with certain long settled capabilities, specialised
drilling, well-engineering and, to a great degree, a good knowledge of the geology and resource
base;

3. The dominant service and original equipment manufacturing (OEMs) companies, just to
mention a few, are Halliburton, KBR, Schlumberger and Baker-Hughes. The ability to secure
cheap commoditised services and equipment is crucial to the commercial development of
shale-gas;

4. The mineral rights are in the ownership of private land holders, unlike other countries where
land is owned by the State. Land owners themselves may be desperate for extra income
sources, particularly in farming areas, and readily sign up to leases or other types of land-deals.
Private ownership has allowed large acreage across various US plays to be brought rapidly into
production;

5. The US has an extensive pipeline and gas storage infrastructure in many of the plays, this
includes midstream and downstream parts of the gas value chain;

6. The US has a well-developed gas use market in which wellhead gas prices are deregulated at
the producers’ end through the Henry Hub24 (which has its advantages®s and disadvantages=°)
allowing for easy clearance of gas and trade in gas;

7. The majority of horizontal drilling rigs in the US are concentrated in shale plays;

8. The US has a well-developed financial sector which is used to dealing with the oil and gas
industry. A number of financial products and innovations cater for various financial needs of
the oil and gas industry in different parts of the value chain.

Maugeri and others argue that the absence of these endowments in other countries interested in shale
exploitation will lead to higher cost structures in the full exploitation of shale gas or oil resources
as established endowments lower the cost of frontier oil and gas reserves exploitation if they are
simply an extension of the existing system?. Countries that take a strategic view on long term energy
security may not judge the investment in shale gas on pure commercial terms and returns, but also
in terms of sovereign risk and energy independence. China is the most likely candidate for such a
policy position and could, in the long term, exploit its shale-gas reserves even though it struggles to
do so at present.



3. SHALE-GAS GEOLOGY AND THE ROLE OF WATER

MAIN FINDINGS

*  Early formation of gas and oil occurs within layers of impermeable and laminated shale rock.

*  Shale gas is termed an unconventional resource in reference to the methods required to extract
it.

*  Thermogenesis yields various by-products from the conversion of organic material.

*  Shale-play sites that contain high total organic content are likely to produce high yields of oil
and gas.

*  Wellhead design and fracturing is both a science and an art.

*  Water has proven to be the best medium for frack fluid chemistry.

*  The use of fresh water in hydraulic fracturing may compete with other uses.

*  Recycling and reuse of water depends on the chemical composition of water as the removal of
these determine cost of treatment.

* The danger of ground water contamination exists and can be mitigated through the creation
of buffer zones or by restricting drilling in sensitive areas.

3.1 THE ORIGIN OF SHALE GAS

Perhaps the best way to describe the geology of shale is by way of reference to its place of origin
through geological time as the source rock for oil and gas. The early formation of gas and oil takes
place within these compacted layers of impermeable and laminated shale rock. As one expert puts
it more technically, shale is “made of up of clay size weathering debris, shale formations are fine-
grained, laminated clastic sedimentary rocks that are soft and fissile. Typically, they have a thickness
of 50-600 ft, porosities between 2-8%, permeabilities 10-100 nano darcy?8, organic content of 1-14%.
They are encountered at depths ranging from 1000-13000 feet”*. In other words, the rock is so
compact with pore sizes so small that trapped gas would only be able to escape by fracturing the
rock.

Millions of years ago, large masses of organic material (whether plant, woody mass, marine life,
animals or algae) were buried deep within the earth’s surface. This organic material was compacted
and subjected to various stresses — mainly heat and pressure. Figure 1 depicts the distinction between
conventional and unconventional sources.

3.2 CONVENTIONAL VERSUS UNCONVENTIONAL RESERVES

Oil and gas seep from the source rock and move towards the surface until they pool and get trapped
by other types of impermeable rock barriers, such as salt domes which then act as a natural seal and
result in a reservoir which is usually closer to the surface and easily accessed. This is the source for
conventional reserves of oil and gas.

Unlike conventional pools of oil and natural gas, unconventional oil and natural gas are far more
difficult to extract. The term “unconventional” simply refers to the methods that are used to access
these resources, as well as the types of rock from which the oil and natural gas are produced.




Figure 1: Depiction of conventional and unconventional oil and gas resources3®

Source: Rodgers, Wyoming State Geological Survey, 2014

3.3 THERMOGENESIS

Given that this material is buried deep within the earth’s surface, the organic material is subject
to intense heat and undergoes thermogenesis. The pictorial representation in Figure 2 depicts the
variation of oil and gas phases or conversions as temperature gradients vary over time.

The thermogenesis process yields different by-products from the conversion of the organic material,
usually kerogen, into bitumen and then into heavy and light oil, wet gas and dry gas. Bacteria can also
convert organic material into gas, but bacteriogenic gas is more likely to occur closer to the surface
although there have been reports of bacteriogenic activity at much deeper geological formations.
There is, nonetheless, a possibility of co-mingling between bacteriogenic and thermogenic gas if
there are natural fractures that connect the two gas types over time — interconnecting deep sources
with shallower sources of gas3'. This potential for co-mingling relates to contamination issues and
the identity of the origins of the gas when assigning liability which is discussed later in the report.



Figure 2: The variation of oil and gas phases as temperature gradients vary over time
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During the prospecting phase, potential shale play areas that contain high Total Organic Carbons
(TOCs) are identified as likely to produce high yields of oil and gas. TOCs are indexed as holding viable
yields if they range between 4-12% for optimal gas or oil extraction from shale. Table 1 differentiates
between different TOC levels and the quality of the shale rock. If there is sufficient high quality TOC,
the material is subjected to further chemical analysis through a process called pyrolysis32.

Table 1: The relationship between TOC and kerogen qualitys33

TOTAL ORGANIC CONTENT
WEIGHT%

<05 Very Poor

KEROGEN QUALITY

Fair

Good

Very Good

Excellent

Source: Shlumberger




It is important to note that the presence of high TOC shale from early drilling results is not an
indication of economically recoverable gas. It is merely a pointer of the potential for high gas-in-
place (GIP). TOCs can be tested for their oil-to-gas ratio windows based on the measured readings of
vitrinite reflectance34 indicating their level of maturity. The Karoo is expected to have fully matured
thermogenesis in the most promising areas. Although insufficient drilling has taken place to be
definitive, the presence of doleritic intrusions and other features seems to support the assumption
that the Karoo will primarily consist of dry-gas plays or the gas has been over-cooked and the gas
expelled from the shale over time. In the US, various shale plays have pure oil, dry gas and/or wet
gas3s> windows (wet gas is a mixture of methane gas and heavier hydrocarbons like butane and
propane). For instance, the Marcellus play, which is a vast resource, has both dry- and wet gas
windows where the west is primarily wet gas and eastern sections of the Marcellus segments contain
methane rich dry gas.

In addition to the consideration of TOC and vitrinite readings, further determinations for successful
gas extraction would include the minerology of the shale formation. In other words, what is the
ability of the rock to fracture under high pressure and, in so doing, yield high gas or oil production
rates. This depends on the levels of permeability that can be artificially created through frackingse.
The key is to ensure a high degree of connectivity between natural and artificial fractures so that the
permeability for gas transmission through the channels into gas outlets, such as the wellbore, can be
improveds’. Porosity is influenced by rock structure and the degree to which the shale rock is itself
saturated with formation waters®. High water saturation can impede permeability and gas flows°.
Even after fracking, the pores and fractures should stay intact to allow for gas and oil to flow when
production commences.

It seems that wellhead design and fracturing is both a science and an art. The mineral mix of the
shale formation, the proportion of clay, silicate or carbonate and quartzite, will influence the type of
frack technique and chemical mixture required.

3.4 FRACK FLUIDS AND THE ROLE OF WATER

Fracking has to take place under high pressure with high volumes (to date) of frack fluids to succeed.
Water has proven to be the best medium for frack fluid4® chemistry and its high volume low viscosity
properties allow for various manipulations tailored in relation to its interaction with the rock to be
fractured. While alternatives to water (such as Liquid Petroleum Gas (LPG) or concentrate and the
use of enhanced carbon dioxide techniques) have had some application on a trial basis, mainly in
Texas, such trials have not been at a commercial scale that would warrant commercial application
at this point in time#.. At present, a Canadian company is the only company that is developing LPG
as an alternative. If LPG gains wider use in this sense, special legislation would be necessary to
deal with potential gas emissions and flammability issues as well as liability cover in the case of
accidental explosions#+2.

Table 2. Illustrative fracturing phases43 in a typical shale-gas well++

Prepad Low-viscosity saline solution is pumped into the borehole to ensure rock formation
is not damaged. The solution usually contains fluid loss prevention additives and
surfactants?.

Proppant Proppants are added to low viscosity fluids to keep fractures open which can

otherwise close quickly under pressure.

Source: Knudsen, University of Florida, 2012



Water remains a cost-effective fluid and so most wells make use of water as the major medium for
the creation of artificial fractures and well stimulation. Table 2 illustrates the shale gas fracking
preparation phases. The viscosity of water+” can be modified using gels sourced from guar+, as a
case in point, so that the higher viscosity facilitates the transport of high concentrations of proppant
into the fractures where the artificial fractures have been created. This is usually applied under
conditions where the shale rock brittleness factor is low and the clay content of the rock is high. The
proppants, which can be sand or, in some cases, walnut shell resins (other types of materials such as
ceramics are also being tested), enable the artificial fractures to be kept open after the cracks have
been created.

The issue of water is an important concern if water continues to be the preferred frack fluid+.
The volume of water required depends on the nature of the frack that has to be performed. This
could have material consequences in localised conditions where fresh water is used that could
compete with other uses, although nationally the effects of water consumption for fracking are not
significants°. That said, South Africa is a water-stressed country, and so caution must be taken in
terms of how we deal with water allocation for industries or activities that will, over time, require
more water as more wells are drilled. The problem with the use of potable water is that invariably a
quantity of it is permanently lost and what is returned as flowback and produced water (essentially
fracking wastewater) is a mixture of the originally pumped fresh water (which is now contaminated)
and formation water (water rich in brine from the targeted shale gas-rich rock). The amount of
water that returns to the surface varies greatly across and even within shale plays, with most figures
indicating that between 15-80%3" of the water is returned. Water that is not recycled or reused will
incur an opportunity cost, especially in the local context where water may be in high demand. This
is something which warrants a more detailed examination in future studies. It is necessary, in any
case, to consider a total cost model for the acquisition of water in terms of transport, disposal, reuse/
recycle and the opportunity cost.

Technical measures can be required to deal with shale-gas wastewater and should be standard
practice with operators. The recycling of flowback and produced water or various types of brines>
is one option, which is increasingly being used in the US5. Depending on the characteristics of
the brine, processing technologies to treat it for reuse can be expensives+. Early essential work in
considering the development of recycling is to investigate the various types of brines generated from
shale-gas extraction, their chemical composition and the water treatment technologies required to
treat water to acceptable levels for reuse or to be returned to the system.

In the US it has been cheaper to dispose of flowback water and produced water in injection wells,
but the recycling and reuse of water is increasingly becoming an option due to economic reality (as
it is costly to truck and dispose of water), political pressures and environmental concernsss. Reusing
frack fluids will require new technology innovationss°. If fracking happens in the Karoo, recycling
and reuse of water would be the only option. The reuse of flowback or produced water depends on
treatment options available for the given level and type of chemical contamination as, in order for
its reuse to be feasible, the after-treatment quality has to be ideal for the various chemical mixtures
that go into the fracking fluid. Experience has shown that fracking fluid chemistry is a combination
of chemicals that involves a recipe for each different type of geophysical characteristic of shale rock
and to create the capacity to carry the proppant down the borehole whilst reducing the friction felt
in the borehole as the frack proceeds.

The danger of ground water contamination depends on whether high standards are being adhered
to for drilling of the borehole, installing the well-casings and cementing them in place. Minimising
risk requires that best practice is followed when implementing standards to protect ground water
and surface water resources.




The possibility of contamination increases if shale wells are close to either natural fractures or
ground water sources. This could possibly be mitigated through the creation of buffer zones or by
restricting drilling to shale plays well below 1500m or a distance from ground water sources. In
the Karoo, the creation of a buffer and well-spacing regime will most likely narrow the area of the
resource base that can be exploited?”. All of these factors will play a role in economics of shale gas
drilling and development.

The key to unlocking the gas from shale is to make the impermeable geology yield to engineering and
technology and this is where unconventional wells differ from conventional wells. Unconventional

wells require far more effort to unlock as much of the GIP3® as possible as detailed in Table 3.

Table 3: Summary of Some the Key Factors for Successful Frackings® ¢°

e Minimum GIP should be around three cubic metres/ton with water saturation lower than 40%;

»  Plays with higher adsorbed gas will have a flatter decline curve than plays with little adsorbed
gas;

«  Brittle shale is more conducive to large volume, high rate water treatments in what is called slick
water use®?;

« Large treatment leads to large fractures®;

»  Brittle shale is mostly fractured with water as water is the least viscous and less brittle shale
is fracked with high-viscosity fluids which have higher concentrations of polymer and gelling

agents which enable them to carry the proppant®to the fracture zones;

»  Permeability for shale rock, because it is so fine grained and compact, is measured in milli- and
nano-Darcy ranges®’;

« Temperature and pressures change as fluids or gases are brought to the surface;




4. THE ECONOMICS OF SHALE GAS

MAIN FINDINGS

e The economics depend on how much gas can actually be recovered versus gas-in-place

estimates against sunk capital cost.

» Total recovery depends on technology, well design, fracture creation and geology.

e Shale decline curves depict high decline rates in the first two to three years of production
followed by leveling off.

o Initial production (IP) and decline rates determine economic limit and profitability.

e Deriving realistic production figures and economic limits is encumbered by limited drilling
history and production data.

e The industry tendency is to give optimistic expectations.

e Only after an extended drilling and completion programme can the true potential of the
shale-gas play be determined.

e Shale-gas wells are high cost, low producing wells that require drilling in large numbers to
commoditise the gas.

The economics of shale-gas extraction is also dependent on how much gas can actually be recovered
compared to the GIP estimates. The total recovery rate is a function of the technology used, well
design, fracture creation and geology. The importance of making mention of this is to illustrate
that TOC levels are one part of the story, but the use of a combination of techniques and geological
knowledge to create a successful well is a function of experience. Reserve estimates are based on
methodologies that are able to assess the total Stimulated Reservoir Volume (SRV)”. Learning
rate dynamics will influence not only technology application, but also the levels at which in-field
discovery and production costs are reduced over time.

In recent years, various experts have examined the data from producing wells in different US
plays7273. The general pattern of well production performance for shale-gas wells is now fairly well
known7475, In Figure 3, the decline curves depict high decline rates”® in the first two to three years of
production”” and then each year levels off as more gas is extracted from completed wells’®. However,
these decline rates are much more aggressive than in conventional wells. Shale-gas wells differ from
conventional wells in that the initial production decline is steep and then gradual as shown? in
Figure 3. This makes sense considering the geology of shale as described above.

The curve (Figure 3) corresponds generally to the geophysical and pretrophysical characteristics of
the wells when the gas production profile moves from free gas to adsorbed gas states. This is when
production dominated by fractures moves to production dominated by the rock matrix. The volume
of shale gas that can be produced over time for a specific well is defined as the Estimated Ultimate
Recovery (EUR) which is usually measured in billion cubic feet (Bcf). Daily production estimates are
given in million cubic feet (Mcf).




Shale-gas well IP and decline rates determine their economic limit and profitability. EUR estimations
are important to both investors and regulators as they need to be given a view of future well behaviour
which is as accurate as possible. Investors need to know they are not investing in unproductive wells
or wells that will show lower revenue due to wrong or over-optimistic estimates.

Shale-gas production estimates are usually calculated in an aggregate or field basis. Within the field,
individual wells will have different production characteristics, with some wells producing more than
others. In shale-gas economics, it is not a single well that matters, but rather the average volume of gas
that can be produced by a group of wells. On average, field decline rates are lower than decline rates
for individual wells. Field decline rates are dependent on:

e Decline rates of individual wells;

e Total number of wells in the field;

»  Period of time over which older wells were added;

» Rate at which new wells are added reduces as field production rates begin to decline® as the
already drilled wells age

The amount one can drill depends not only on the size of land that is available, but also on the ease
with which the geology can be made to work, and the number of rigs that can be deployed. Field
decline rates can accelerate if drilling rates are not kept up in what is sometimes referred to as the
drilling treadmill. The more you drill, the more you have to lay out capital and each well, in turn,
remains uncertain with respect to its EURs and initial production.

Every well drilled is a lottery — it may produce a lucky draw, a poor draw or a dud draw meaning that
shale-gas drilling and economics remain a continual challenge to the industry given the uncertainty
of the production rates and life times of individual wells. More crucially, the more wells you have
to drill at a faster pace, the greater the danger of accidental events, contamination from polluted
water and methane leaks. Hence, vigilance has to be maintained when it comes to health, safety and
environment standards.

Within a given play or field, wells are tiered based on their gas production EURs. The industry
classification system for wells is arranged according to P10, P50, and P9o ranges. These are determined
by estimating the gas production rates based on the estimated production decline curve for a well. P10
wells are the most productive and long lasting and P9o wells are the least productive with shorter life-
spans. The tiering system also determines which wells will be exploited first depending on the price of
gas. The combination of P10 and P50 wells will lead to a strategy which optimises the production rates
or average yield for the whole shale-gas play when gas prices are reasonable or high. The exploitation
of ‘sweet-spots’ earlier in the field production schedule will tend to give higher earlier average
production rates (measured in MCf/day), but as operators move to less productive areas these wells
will have lower IPs and overall lower production rates. Optimising early drilling of ‘sweet-spots’ also
increases cash-flow and working capital that allows for more wells to be drilled in a field in that poorer
wells can be drilled later in the development of the field when gas prices are predicted to be higher.
Production rates can be improved by opening newer wells with better learning, the optimisation of
techniques and expanding the intensity of extraction by reaching a greater surface area.

The calculation of decline rates using mathematical formulae and geological assumptions can give
real or exaggerated gas production. The determination of these values is far from a perfect science and
the science of decline curve estimates for shale continues to improve led by industry’s need for better
estimates and enabled by more wells with longer production histories that allow better analysis.



Since 1945, the Arps formula® has been used to calculate the amount of oil or gas that can be produced
by a well and to predict when production will come to an end. In the past it has been used extensively
in conventional plays and its application to shale plays is more recent®2. The first commercial
shale-gas wells were drilled in 2004 about 59 years after Arp first applied his formula to conventional
wells8s. Modifications to the equation are ongoing to ensure production estimates of shale plays prove
more robust and accurate. There have been modifications to the Arps equation, {q=qi (1+ bDit)-1/b}84
by Fetkovich?s to adjust for discrepancies in the Arp method curvess®. In any case, deriving realistic
production figures and economic limits for shale gas is encumbered by limited drilling history and
production data. This can lead to overestimations for shale gas production.

There tends to be inconsistency in the approaches of different companies. Nonetheless, reserve
estimates are regularly revised with a new view taken every 10 to 12 months as more data is available.
There are attempts to create a uniform method of assessing the productivity and economic reserve of
shale-gas wells. Decline curve analyses are dependent on production data and are useful for forecasting
how long wells will last after desorption®” is fully exhausted. Alternative methods to the Arps formula
include the use of the power law®® loss-ratio method that is thought to give far more accurate
estimations of the EURs. The application of power law ratios® have shown that initial estimations
using traditional methods for decline curve analysis have to be adjusted down by 40-60%9. Further
methods include the Stretched Exponential®* to allow for cumulative production estimates where
production data is either available for less than a year or more than three years®2. The technical details
of these methods are not entirely relevant here, but are referenced in order to illustrate the fact that
decline curve analysis involves methods that are still evolving and are more probabilistic in nature
than exact figures9 %4. Even so, decline curves form the basis of shale-gas economics which means that
information is based on probabilistic estimations rather than hard and fast estimates. The room for
error and bias in estimations cannot be ignored’. The more robust the scrutiny of estimates or claims,
the more rigorous the approximation of the economics.

Various formulae aim to mathematically mimic or describe the relation between gas production
and geophysical characteristics of shale rock or formations. The creation of fractures in the shale
rock opens passageways in such a way that they are able to connect the fractures to the production
tubing of the well. The cumulative volume of gas that can be extracted is largely determined by the
degree to which both natural and artificial fractures create sufficient escape routes for the free gas and
adsorbed gas®. The relative proportions of free and adsorbed gas as depicted in Figure 3 influence the
characteristics and shape of the decline curve.

Figure 3: Conventional versus Unconventional Decline Curves 9’
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Adsorbed gas is what exists in the rock matrix and flows at the tail end of the curve or well-life. Because
it is attached to organic matter or clay, it is harder to extract as it requires depressurisation to occur
as part of a desorption process. As McGlade et al note: “Higher rates of production decline lead to a
shorter production experience, it is difficult to know whether production will continue to decline at
the same rate or whether the rate of decline will slow in the future”ss.

Initial Production (IP) normally varies for every well. The IP rate is a function of maximum (early)
production rate per well after well completion, while the decline curve provides an estimate of how fast
a well is depleted and how long it will last. Decline curves can be further adjusted based on estimates
the engineer attaches to how much of the adsorbed gas can be released as a result of depressurisation.

Significant amounts of gas can exist in an adsorbed state on the organic kerogen and clay depending on
temperature and pressure (or the adsorption isotherm)%. The importance of maintaining a pressure
gradient must not be underestimated as Kaiser notes: “A reservoir is pressurised because of its depth,
trap characteristics, geologic properties, and other factors. When a well is drilled into a reservoir, the
reservoir pressure is an important determinant of the potential flow rate. As oil (or gas) is produced,
the reservoir pressure decreases, leading to a drop in driving force and oil production” *°°,

IP is crucial as it generates high initial revenue and determines whether the payback period is shorter
or longer for each well that is drilled''. The key challenge in shale formations is the high variance of
IP in unconventional plays. Break-even costs are heavily influenced by estimations of IP, the decline
rate and the life-span to the economic limit of a well.

Imprecise knowledge and achieving an optimal frack method determine IP, as has been pointed out
in Table 3, as the IP will also influence subsequent gas flow rate and EUR. EURs vary based on what
characteristics decline curves take, as shown in Figures 4 and 5, whether they are exponential or
hyperbolic during the IP and tail-end phase for shale-gas wells.

Figure 4: Examples of production decline curves for shale gas*>

900.0

800.0

700.0

600.0 \

500.0 \
\l } Hyperbolic Decline
400.0 \\
300.0

\\ Exponential Tail Decline
200.0

\\

100.0

\\

123 4567 8 91011121314151617 1819 20 21 22 23 24 25 26 27 28 29 30
EUR 3.6BCF Years after Initial Production
EUR 4.6BCF

Source: Blumshack, Penn State University, 2014



Adjustments to the hyperbolic curve, as depicted in Figure 5, can be made on the basis of the assignation
of a b factor. If the company believes it can extract more gas from its own estimated recovery rate from
a total resource defined by the GIP, it can adjust the b factor to be higher than its conservative estimate
of 0.99. (Figure 5 shows only b factors from 0.1-0.99 but they can be greater than this). High optimism
earns a higher b factor where b is greater than 1. This has been the general industry tendencys.
Adjustments to a general hyperbolic curve are made to match the well’s existing production history.
However, due to imperfect predictive ability of what the combination of technical efforts and physical
resources can yield in the future, prudent operators err on the conservative side. B factors*4 greater
than 1 will have a higher EUR and b factors less than 1 a lower EUR as shown in Figure 5 for b factors
of 0.99, 0.5 and 0.01'%. Production data from early producing wells to later producing wells — this
exercise of history matching — are important empirical information in the way b factors are determined.

Figure 5: Depiction of b curve adjustments in relation to a classic hyperbolic curve
shapeo®
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The industry practice can tend towards optimistic expectations which is an outcome of how estimates
of the b factor are done. Such estimates may have no bearing on reality as the well’s real economic
limit may prove different during the production period. Given that it can be difficult to have high
levels of certainty around the amount of gas that can eventually be produced and based on the
limited early production history to predict from there is a risk to investments being made in the
opportunity that does not materialise. A classic case of over-optimism was evident in the example
of the Dallas Fort Worth (DFW) Airport deal with Chesapeake, one of the leading companies in the
hydraulic fracturing industry'’. As this case study demonstrates, if there is over-optimism on the
amount of gas that can be extracted from the shale and this does not materialise, the results of such
an intiative can go terribly wrong8. One of the challenges Chesapeake faced in this agreement is
that it had to pay royalties upfront and realised, after drilling several dozen wells, that the economics
was not working out as expected. The upfront payment of royalities resulted in losses because the
company was then unable to recover the cost of drilling and revenues to support the upfront royalty
payments. It is no surprise that the DFW situation occurred as predictability of wells is not always
precise and was from limited early production data.

b=0.99
b=05
b=0.01




From 2009 to 2011 the Energy Information Administration (EIA) estimated that the total volume of
recoverable gas for the US would more than triple. These figures had to be revised downward by 46%
in 2012'%.

The potential exists for wells to be refracked in order to expand the economic limit and hence the EUR
and life of the well. But this decision is dependent, amongst other things, on three things: 1) Whether
the technical feasibility of refracking will justify the extra spending 2) the gas production rate of a
well (refracking is likely to be more successful in wells that are ‘sweet-spots’ around P10), and 3) the
price of gas (this should be high enough to sustain additional capital outlays). Expert opinions so far
suggest that refracking at low gas prices is unlikely. It is better to drill fresh wells. However, future
innovations may make refracking feasible for all types of wells™°.

There are several features of shale-gas wells that make the economics of these wells different from
conventional wells; we provide a summary of the key features:

1. Theheterogeneity of the wells and uncertainty around production rates from shale rock formations
always poses a challenge for the economics.

2. Shale surface areas are wider and longer in nature while those of conventional wells are contained
and usually secured by overlying impermeable rock, such as shales or salt barriers. To optimise
recovery you need to frack as much of the laterals.

3. Unlike conventional wells, the viability of a shale-gas well can only be determined after it has
been fracked. The importance of this is that well completion can only take place after the reserve
has been proved. Well costs are made up of two parts. Drilling costs make up 40 - 50%' and the
balance of costs are associated with stimulation, casing, cementing and final well completion2.

4. Given the characteristic of free and adsorbed gas behaviour in wells, not all the GIP is recoverable.
Recovery rates vary per well from 10-30% based on estimates from literature surveys and expert
views. Probabilistic methods have to be used to determine resource potential and in determining
recovery factors's.

5. 1IPs also vary per well requiring that wells be classified into different tiers (according to their
P ranges) in a field to derive average production rates per set of wells. It is for this reason that
more wells have to be drilled for shale plays than conventional wells in the appraisal phase so that
the full potential of the resources can be recognised. This helps to determine the pace of drilling
and extraction in the development phase.

6. To maintain high average production rates per field, drilling intensity has to be ramped up and
maintained over time. Ramping up models can be garnered from US experience and these can be
set for different field conditions, IP, EURs and land size. Different scenarios are typically modelled
for specific fields or shale-gas areas'4.

7. For the large amount of shale-gas wells, the proportion of ‘sweet-spots’ are smaller in relation to
other wells. In other words, for all the capital outlay, a smaller portion of wells will be in the P10
range and the rest will be P50 or Pgo wells. As a result, a smaller share of shale-gas wells are as
productive as would typically be the case for conventional gas wells as depicted in Figure 6.



8. Fractures must remain intact and open during the production phase, but since gas extraction
has to happen under highly pressurised conditions for successful recovery rates, this cannot
always be guaranteed.

9. Horizontal wells tend to be fracked in multi-stages and the ability to drill successful longer laterals
and perform a higher number of fracturing stages is improving, but this tends to increase costs.

10. Unlike conventional wells, the economic viability of unconventional sources is determined not
by a single well, but by the average performance of a set or group of wells within a given area and
this can only be determined after a statistically significant number of wells have been drilled.

11. It is not uncommon for shale play estimates to be revised"® on a regular basis as more plays
are drilled, fractured and more production history is available. So far all of these revisions have
been “write-downs” which have tended to be quite dramatic not solely on the basis of reserve
estimates but also future gas prices.

12. Different basins depict different cost structures and so their profitability is variable. Early
market entrants in US shale-gas plays would have had lower lease costs compared to latecomers,
sometimes paying one-tenth of the lease price® and so the later entrants would have had lower
profit margins.

Figure 6: A comparison of the number of shale-gas wells required to produce the
equivalent economic reserves as a conventional well
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In essence limited early drilling does not guarantee immediate economically viable reserves. Only
after several drilling and completion results from a well-planned and executed appraisal programme
can the true potential of the shale-gas play be determined. As Figure 6 shows, shale gas requires
the drilling of far more wells in order to match the equivalent economic reserve of a conventional
play. In shale gas, understanding results does not come from a few wells, but from the evaluation of
multiple wells in a given area or field.

In summary, shale-gas wells are high-cost, low-producing wells compared to conventional wells
and could be more so in new frontier areas with no prior experience in shale gas extraction or for
conventional plays. The profitability of these wells is constrained as not all wells are high potential
producing wells. The industry experience so far, based on the work of David Hughes"9, shows that
the percentage of high producing wells or ‘sweet-spots’ is far lower than medium and low producing
wells. So in order to ensure profitability and sustainability of shale-gas plays, either costs must be
reduced or gas prices must be increased (or a combination of these). The observation is that break-
even costs cannot be assumed to be the same across the entire field. The reality is that break-even
costs vary within a single play or field per well. To add to this complexity is the variability of the
initial production and the lifespan of the wells. All of this makes straightforward assumptions about
the economics of shale-gas wells ambiguous and deserving of closer inspection.



5. CONTEXT OF A WELLHEAD BASE COST MODEL

MAIN FINDINGS

e Base models can be used to analyse shale-gas prospects under various conditions.

e The introduction of a shadow estimate could reduce financial risks.

o Further research, development and technology innovation are necessary to reduce drilling,
completion and production costs.

» Learning rates are key in reducing costs.

o Wellhead costs for the gas industry are influenced by development and construction costs as
well as the fiscal and tax regime.

e The five-year window is the most likely time-frame for optimal revenue streams and cost

recoveries.
e Wellhead costs guide the pricing of shale gas until it enters the domestic or international
market.

The base economic model idea is drawn from work by various academics in the US. It is designed
to understand break-even costs in relation to gas prices. We propose a similar model for South
Africa. Base models can be used to analyse shale-gas prospects under various conditions. The base
model will have to take into account the various costs for different phases of well development
and completion as identified in Table 5. The incorporation of environmental mitigation costs is an
important feature in such a base model. The value of the base model will be in helping to develop
greater clarity on a number of issues. Such a model would help provide:

» Tighter contextualisation of costs under South African conditions building on US experience;

»  Greater understanding of the key variables which influence break-even costs;

» A useful gauge of likely trends in wellhead gas prices;

» Agreater understanding of which royalty or carry free rates are most optimal in terms of the net-
effect from a fiscal regime that covers a variety of taxes, levies and incentives;

»  Abasis for understanding cashflow scenarios under different conditions for both wells and shale
gas fields

Break-even costs'?° can be determined using standard discounted cash-flow (DCF) analysis methods
where internal rates of return (IRR)** per well and net-present values (NPVs*22)123 per well can be
used to assess the economic viability of a well or a set of wells. IRRs that are higher than the weighted
average cost of capital (WACC)™>4 and where the NPVs > o favour a project going ahead. In shale gas,
the appraisal of a single well is insufficient. The entire field or play IRR and NPV would provide more
material as we are concerned with a production regime that can be ramped up over time based on
the level of confidence that the shale-gas play economics will be favourable.

The important difference, in our view, is that IRRs and NPVs for shale-gas wells will have an initial
shadow estimate and then a real estimate, unlike conventional wells. We believe the financial sector
and investor world should introduce this innovation for shale-gas plays'?5. The shadow estimates are
based on a sample of initial drills for a reasonably represented area that becomes the basis for initial
capital raising provided to investors. We recommend that there also be a real estimate to ‘stress test’
the initial assumptions as IRRs and NPVs are likely to vary when well drilling is ramped up and
there is wider well coverage in a given field. This would be better suited when more production data




and real-life production costs are available. In addition, in the US, real proven reserves are legally
registered while the possible resources tend to be estimates thrown about at investor meetings and
conferences which often paint a more promising picture than could be the reality*¢. The correctives
proposed here will go a long way to ensuring tighter oversight is given over reserve estimates already
in place, costs and profitability of shale gas wells and plays.

The proportion of debt/equity’?” and favourable interest rates that a firm or borrower can secure
based on their credit ratings and expected return on equity are two factors that would influence the
WACC. Some preliminary academic work paints a picture of some gas companies showing financial
strain and underperformance along a number of indicators including8: 1) retained earnings 2) the
amount of working capital®® 3) total shareholder return and 4) margin analysis. This reinforces
the view, perhaps, that shale gas is a marginal play and would require a high gas price or other
incentives to improve the attractiveness of extraction'°. The effect of low prices®' is that drilling
intensity has to increase, and so capex spend to meet not only land royalty obligations but also
futures contracts®3? through Volumetric Production Payments'3 (VPPs)'34 135 increases pressure for
producers'¢. This is at least the case in the US, but will mostly likely take on different structural and
financial characteristics in other countries.

Several studies now show that cash-flows are in negative territory, especially for dry-gas plays 37
138, The main findings are that companies have to drill far more to meet cash-flow targets and so
capex costs® are exceeding initial modest expectations and drilling intensity, in turn, drives more
production, further depressing prices as US gas demand has not kept up with supply*4° 4. It is what
one would call a vicious rather than virtuous cycle. In the last two years, there have been significant
impairments in the balance sheets for US companies and the majors, for instance Shell has had to
write down its shale-gas assets in the US42. These trends can be understood through some of the
main challenges of shale-gas extraction detailed in section 8.

Table 4: Well drilling and completion phase

Phase 1 Mineral leasing/acquisition and permitting
Phase 2 Site construction

Phase 3 Drilling

Phase 4 Hydraulic fracturing

Phase 5 Completion

Phase 6 Production

Phase 7 Workovers'43

Phase 8 Plugging and abandonment / reclamation

Source: Adapted from Katz, University of Pittsburgh, 2011

Since shale geology can be challenging, considerable research and development and technology
innovation are necessary to bring down the production costs. These technological improvements
would need to facilitate the identification of ‘sweet-spots’ earlier on so drilling could be optimised to be
more targeted. This should lead to simultaneous improvements in recovery rates with more efficient
application of technology and well design engineering'+4 Figure 7 provides a useful description of
time, technology evolution and recovery rates. If technology and knowledge progresses, the recovery
rates for estimated GIP increase with time with the economic recovery rate being a result of enhanced
technology and hydrocarbon prices4s.



Technology learning rates and innovation sharing uptake rates by other operators have been shown to
bring costs down and are expected do so further in the future'4¢. These learning rates and innovations
involve the optimal spacing of drilling (this can only be achieved with good knowledge of geology
and mapping techniques); the replacement of single-pad drill rigs with multi-well drilling'47148 which
has led to improvements in drilling time and the number of wells that can be drilled; improvements
in well design engineering with growing experience; and in-field innovation allowing more free and
adsorbed gas to be stimulated and recovered.

Learning rates will be especiallyimportant in the early phases of South Africa’s shale-gas development,
because of the limited experience with drilling in the country. As a result, the early production costs
are expected to be higher. The extent to which we can learn, apply the technology and understand
the influence of the geology more efficiently to ensure a positive learning rate is uncertain. Those
learning rate effects are crucial in optimising the economics of shale gas. If these learning rates do
not appear early enough the sentiment toward shale gas will likely be more negative as seen in China,
Poland and other countries where fracking has been attempted. Most of South Africa’s learning rates
are likely to come from application of technology such as the operation of the rigs, the extraction of
gas and in the use of fracking methods.

Learning rate effects can be displaced by other variables or structural issues within the oil and gas
economies such as the market advantage that OEMs can exercise over equipment or service pricing.
There have been some concerns raised in the US media regarding market advantage problems4o-
Market advantage on specific critical equipment is likely to lead to overpricing. This is more likely
if few companies own and produce critical technologies like rigs, certain gas separation equipment,
water treatment technologies, and intellectual property over certain processes or applications just
as illustrative examples. If shale gas expands to other countries, US OEMs and other related service
industries will be major beneficiaries, not only because of proprietary information, but also the
advantage of know-how that comes with years of practice and tacit knowledge.

Other factors that could influence shale viability is how upstream, midstream and downstream
operations and gas infrastructure are funded. It is not entirely clear what portion of investment would
be driven by the state and what portion will be driven by the private sector. Upstream exploration
and development is expected to be taken on risk by private oil and gas corporations. Exchange rate
volatility and sovereign credit ratings's® (which influences the cost of capital) would be important
factors weighing on the financing and economic dynamics of shale-gas production’s'. However, the
credit ratings of private firms is a separate matter and their cost of capital would be influenced by
their own balance sheet and value of assets. It is anticipated that most critical skills and equipment
for drilling will have to be imported. South Africa has no drill rigs's2. The country has no specialised
engineers with experience in shale-gas well design and, as pointed out, successful fracks require
experience, good knowledge of the shale-gas play and a degree of design skill.




Figure 7: Relationship between knowledge, technology and economic recovery of gas

A 1900 - Shale Gas PRESENT - Shale Gas FUTURE - Shale Gas Volumes of different
types of resources over
time. Technological
breaktroughs

Gasin Place-GIP Function of Geology periodically increase the
technically recoverable
resources. Estimates
of gas in place remain
relatively constant,

but uncertainties (gray
shaded area) decrease
with time.

Fixed, but known with increasing certainty

periodic technological
breakthroughs

Resource Volume

Technically Recoverable - TRR
Function of Geology, Technology

Economically Recoverable - ERR
Function of Geology, Technology, Markets

TIME >

Source: Ray Boswell, National Energy Technology Laboratory, from Boswell and Collett (2011). Reproduced
by permission of The Royal Society of Chemistry.

Existing analysis shows that technology performance and innovation will most likely improve, but
the degree to which such improvements will drive costs down is unclear. Some of these technology
innovations involve TOC estimations using new geochemistry tools, developments in flexible
geo-steering of horizontal wells, real-time temperature and pressure monitoring, knowledge of
rock behaviour and the ability to innovate while on the job (what is called the ‘living laboratory’
approach) 53, Elsewhere, shale-gas plays have also been described as technology plays because they
require not only good drilling rigs and fracture operating experience, but also understanding of the
geology®+. Innovation though is more efficient and impactful in settings where there is a critical
mass of productive activity and complementary services. They have been shown in North America
to mutually reinforce learning rates, collective innovation and spill-over effects.

Since 2000, learning rates'ss have grown significantly. Average drilling experience in shale is now
around 100-120 wells per firm in the US. Learning rates improved well productivity. A study on the
Bakken play in North Dakota showed that fracked wells in 2011 were 34% more productive than
wells fracked in 2005'%. In the initial phase some profits are sacrificed if the pay-off involves higher
learning rates and profits in the future's”. Outside of the US, learning rates have been low. In China,
average drilling time is about 11 months compared to the fastest drilling pace in the US in Marcellus
that averages 18-25 days®® and in some cases even as short as 11 days's°.

That said, these benefits can be off-set if drilling costs increase, if gas prices are too low and if the
rate of drilling creates a surge in demand on goods and services where costs increase as a result,
especially if equipment supply and other services are dominated by a few service companies.



It is unknown what learning rates will look like in South Africa as fracking has not been tested under
South African geological conditions and other non-geological factors. It is likely that during the
exploration phase some of these learning rates will be tested or grounded. When new technologies
are applied to new geographic conditions, learning rates will be slower.

The timing of the development and production phase of gas is important. If global demand for
scarce skills, equipment and services is at peak, additional demand is likely to be inflated and would
influence production costs. As a case in point, these factors are coming to bear with the global
surge in gas production and the development of Liquefied Natural Gas (LNG) export terminals.
LNG platform development costs have surged considerably'®® with Australia seeing cost overruns¢*
and labour strikes. Skilled labour enjoys a captive market'¢>. This has particular relevance for South
Africa if we are to import conventional gas from Mozambique in the future and consider developing
the shale-gas industry in South Africa especially if it is destined for export.

Table 5: Typical cost items for wellheads

CONSTRUCTION FINANCIAL

Finding and development (F&D) Lease and Operating Expense (LOE)'3;
Transportation and fractionation costs (T&F) Royalties (13-27%)

especially for Natural Gas Liquids (NGLs)

Well spacing Interest

Pre-construction Depreciation allowances

Intangible drilling costs'®+4 (labour, chemicals, | Corporate taxes
fluids, etc) — no salvage value

Tangible drilling costs — has salvage value
(costs are depreciated)

General and administrative costs (G&A)

Source: Adapted from Khater, 2013 and Kaiser, 2010

5.4 THE MPRDA AND SOUTH AFRICA'S OIL AND GAS SECTOR

South Africa’s oil and gas industry falls under the Mineral and Petroleum Resources Development
Act (MPRDA). This Act was largely designed for the mining sector and in the past amended to
accommodate the inclusion of gas supply to Mossgas. However, the MPRDA is undergoing revision
and it is likely that, given the potential for off-shore and on-shore oil and gas resource exploitation,
a separate oil and gas legislation will have to be promulgated to provide further clarity to this type of
extractive industry as the MPRDA is not appropriate as it stands.

Profitability for the gas industry is not only influenced by development and construction costs, but
also by the fiscal and tax regime. On the issue of royalties, which has been subject to some debate in
South Africa with the release of the draft MPRDA Bill%5, the state is looking to exercise a 20% free!°
carry portion with a potential participation share of 80% in the future.

The impact of these numbers on the IRR and NPV of shale gas is not easy to determine. It is far more
useful to ascertain their impacts in relative terms by comparing them with other variables such as
gas production rates, break-even costs and the life of the well. Royalty and levy figures on their own
do not mean much unless they are assessed in relation to other cost factors and variables. As Table
5 seeks to demonstrate, various costs go into the make up of the cost of drilling. The sample above
is useful for illustrative value and can be used to guide the development of an inventory of costs that
should make up a base case model for South Africa.
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An additional factor to consider when determining commercial viability is the effect of net government
take, arising out of a fiscal regime for oil and gas of a country in which a company operates. This
would also influence the final IRR and NPV. Net government take is a reference to the suite of
corporate taxes, royalties, waivers, levies, capital depreciation allowances and incentives (uplifts)
that oil and gas companies can use to determine the commercial viability of their operations. We
do not go into detail on this as it warrants a separate study or assessment when applying a base-
economic model for South African conditions. A separate study would be needed to understand the
current state-of-play for the oil and gas industry under the existing fiscal regime or future evolving
fiscal regime that is likely to be influenced by changes to the minerals and petroleum legislation and
the recommendations of the Davis Tax Commission established by the South African government
to review the current tax regime on a comprehensive basis. Nonetheless, various fiscal options and
benefits already exist in South Africa and can be utilised by the oil and gas industry to determine
appropriate financial models for gas or oil extraction.

Given that much has been made of the proposed new royalty rates for the amended MPDRA, it is
worth looking at such proposals in relation to trends elsewhere. As an aside, Australia has a royalty
rate of 40% under its extended Petroleum Resource Rent Tax. This does not take into account 10%
state taxes and an income tax of 30%. Royalty rates in the US vary between 13-27% and can be
higher. Many of these rates are not disclosed because they are viewed as commercial proprietary
information. Royalty rates, as the Canadian example in Table 7 shows, are influenced by gas prices
and production volumes. The higher the production rates and gas prices, the more the royalty. The
Canadian example in the State of Quebec drawn from Khater’s thesis is designed to be a fairer model
that is triangulated between volume, price and royalty threshold rates. What makes for an ideal
royalty rate would perhaps be better gauged with more transparent production costs per well when
the time comes.

The industry inclination is always to argue for waivers and tax incentives to push up the IRR and
reduce the break-even payback period. Higher gas rates with high gas prices make higher royalties
absorbable. In any case, the much publicised free carry portion for oil and gas plays in South Africa
suffers from insufficient detail regarding the enactment of the carry free portion or the participation
portion. In the absence of details, these impacts can be low or high on the financial viability of shale
gas depending on how other costs play out. It is always crucial, in our view, that the exercise of a
royalty regime or other levies is implemented at an optimal point of the well’s life-span during the
IP period rather than later or at the the tail-end of the well’s life-span.

Table 6: Illustrative example of cascading royalty scheme from Canada

Gas Volume

2250 2500 2750 3000 3500

3 5 5 5 5 8 11.4 14.8 18.2 21.6 25 25 25 25
4 5 5 6.1 9.5 13 16.4 19.8 23.2 26.6 30 30 30 30
5 5 7.7 11.1 14.5 18 21.4 24.8 28.2 31.6 35 35 35 35
6 92 | 127 | 16.1 19.5 23 26.4 29.8 332 35 35 35 35 35
7 1.7 | 152 | 18.6 22 25.5 28.9 32.3 35 35 35 B0 B0 B0
8 14.2 | 17.7 | 211 24.5 28 314 34.8 35 35 35 35 35 35
9 16.7 | 20.2 | 23.6 27 30.5 33.9 B0 85 35 35 80 B0 B0
10 19.2 | 22.7 | 26.1 29.5 33 35 B0 35 35 35 35 B B0
1 21.2 | 24.7 | 281 315 35 55 B0 85 55 35 85 85 B0
12 23.2 | 26.7 | 30.1 33-5 35 35 B0 85 35 35 80) & B9
13 25.2 | 28.7 | 321 80 35 85 85 85 35 35 85 85 80
14 27.2 | 30.7 | 34.1 35 35 35 35 85, 35 35 35 35 35
15 29.2 | 32.7 35 85 35 85 85 85 35 35 85 85 85
Source: Khater, 2013 Royalty Rate



Given that shale-gas wells typically depict high initial decline rates, the largest volume of production
and revenue stream would be seen in the early part of the IP window — during the first 15-24 months
of production.

More detailed understanding should inform the royalty and reclamation cost recovery threshold
and strategy. Information asymmetries between state understanding of shale-gas economics and the
knowledge that companies have of shale-gas well performance can undermine an optimum royalty
scheme and the ability to recover other costs if risks or liabilities become the inheritance of public
coffers.

Our view is that the five-year window¢® is the most likely window for optimal revenue streams and
cost recoveries in shale-gas plays based on current knowledge and understanding of the performance
of shale-gas wells. Shale-gas wells may last longer, but current evidence suggests that the first
five-year estimates are critical for financial viability based on our examination of the literature and
conversations with experts.

One of the challenges for both beneficiation and royalties is being able to get a reasonable handle on
the financially viable gas price that sustains the longevity of shale gas plays and production rates.
The wellhead costs guide the pricing of shale gas before it enters into the domestic or international
market. Pricing should not only cover the cost, but must also enable private firms to earn a profit
and support further investments. Pricing would ultimately determine the viability of long term
shale-gas extraction. The highest international benchmark prices generate the highest arbitrage
between domestic break-even cost at the wellhead and the higher price margins that can be reached
if you sell to the highest bidder on the price curve as shown in Figure 8. So, for instance, in Japan, if
LNG prices are around $17/mcf**® and the wellhead price for South African gas is between $8-$10,
the arbitrage, after adding shipping and other costs, could be in the range of $7-8/mcf.

It is these very arbitrage ranges that are bolstering the push for LNG export approvals in the US. This
is in light of the current low gas prices that the US is able to offer when compared to international
LNG benchmark prices as a consequence of the gas-to-gas market at the Henry Hub terminal.
These low prices are one of the reasons for the conversion of the Cheniere” LNG import terminal
into an export terminal following the shale-gas boom in the US7*. LNG plants costs, in general, are
escalating’7? and the US could be a competitive exporter of LNG in the future as it has a lower cost
structure than many new LNG plants'73 that are being built and planned by other countries.

The US shale gas plays also have other advantages as the nature of its shale-gas resource allows
producers to take advantage of different shale-rock products and prices to produce different revenue
streams. The variation in product range can be indexed according to their different markets and
monetisation profiles in different petroleum sectors. Shale oil, for instance, would be priced at
relevant crude prices, gas could be linked to different global LNG prices or regulated prices within
the domestic economy and these, in turn, will determine the economic viability of different wells
that are fracked. For instance, in the US, where gas prices are currently low, drilling and production
has shifted to the wet gas and oil windows of shale plays because these products fetch higher market
prices. However, dry gas is cheaper to produce than wet gas as extra surface equipment is required
to separate gas from wet condensate'7+. The expansion of drilling in oil and wet gas windows has seen
a growth in LPG production resulting in significant growth in LPG exports from the US"s.




5.9 SHALE-GAS PRICING IN THE SOUTH AFRICAN CONTEXT

In the future, LNG or piped gas from Mozambique7° could provide an index price for South Africa’s
domestic gas prices'””. But all of this remains uncertain and speculative.

Figure 8: Gas price movements
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In any case, regulated domestic prices will most likely face policy and political pressure for discounted
pricing if the State’s strategy is to ensure high domestic energy security and levels of beneficiation.
This has been seen in coal prices in South Africa, in the past, where dual prices existed side-by-side to
ensure affordable coal prices for domestic use and price security’7. Early market development of shale
gas in South Africa may require discounted prices to boost demand and sustain production.

The trade-offs in the price discounting process are most likely to be seen in the way royalty rates are set
and the levying of environmental externality costs given the marginal nature of dry-gas plays in general.
Royalty income is also predisposed to predictable production volumes and gas prices'®°. However,
we are doubtful that domestic beneficiation will be high in the early phase of shale-gas production
because of the lack of downstream infrastructure and other factors. There may well be higher levels of
penentration later if there are reliably proven reserves and sufficient capacity to ramp up drilling rates.

5.10 SHALE-GAS BENEFICIATION

The creation of beneficiation pathways take a long time. There has to be some certainty that the
economic reserve is large and long-lasting enough to justify major commitments and public spend
in relevant infrastructure to support a domestic market. While there may be good uptake of gas for
industrial purposes, cooking and other uses that may not require large investments in pipeline or other
infrastructure which add to the costs of domestic gas use, most gas will be more conducive for exports.
This is more likely because of the arbitrage value if break-even costs for wells are within a reasonable
cost range and if the international LNG supply and demand remains as expected.

In-field mobile LNG facilities already exist as prototypes, but cost barriers remain*®* in deploying
this technology at present. In the case of exports, gas prices will be dollarised as the dollar is the



predominant traded currency for gas and oil. Australia, which has significant gas reserves and is a
major LNG exporter, is experiencing tensions due to the growing export of LNG into high price gas
markets and the conflicting domestic demand for affordable gas supplys2.

Since there is no well-developed and sizeable domestic gas market in South Africa, the actual manner
in which gas prices will be determined for new finds is something which has to evolve once shale-gas
reserves are proven to be economically viable. This process of pricing and integration of this gas into a
domestic or international market is commonly referred to as monetisation. Since monetisation involves
an identification of a fair price, this would be largely dependent on the break-even cost for producing
gas from shale-gas wells. The exact method for monetisation?®s is still to be determined. One possible
method, which is most likely in South Africa, for determining gas prices would be the introduction of
regulated prices'®+ as there is no fully developed domestic gas market in South Africa that has multiple
users on the scale we see in Europe and the US. This differs from the US market where prices are not
regulated. 85

The rand value of a regulated domestic gas price is dependent on the wellhead break-even costs, but
these prices will not reflect other costs that arise as a result of storage, transmission and distribution
of gas. There are, of course, many other costs which relate to the administration of the gas market?#°,
A substantial oil and gas market that involves imports, off-shore and on-shore production would need
to be assessed to justify the level of public infrastructure spend and optimal beneficiation.

The beneficiation from gas reserves is not automatic nor a consequence of finding and proving large
reserves. It also depends on the political-economy*®” that evolves around gas finds. Large reserves can
well be the bane of a country as much as a boon because they can encourage rent-seeking, corruption
and a kind of political entrepreneurship that not only distorts economic policy but also fiscal policies.
There is easy continuity from the prevailing rent-seeking'®® practices in other areas of the economy, like
the extractives industry has so far experienced, into new types of economic activity if the governance
system and political economy is not changed.




b. COSTS AND BENEFITS OF SHALE GAS
IN SOUTH AFRICA

MAIN FINDINGS

o Well-designed economic and fiscal policies result in stronger opportunities for economic

development and poverty alleviation.
e Oil and gas rights should be put out for bid rather than on a first-come-first-served basis.
e Oil and gas resource endowments do not easily translate into resource entitlements for citizens.

Visions of a blissful outcome from the exploitation of new resources are not confirmed by common
experience as wealth acquisition and distribution in South Africa not only reinforce past patterns in the
minerals sector, but also continue to exclude many within the present. The promise that the exploitation
of natural resources leads to automatic poverty alleviation and economic development remains
unconvincing as many proponents know full well®? that these are influenced by the characteristics of the
prevailing political-economy.

In the post-1994 period, South Africa’s per capita income grew significantly to push us from lower-
middle-income to upper-middle-income status. In 1994, the annual earnings per person averaged Ri2
281. In 2013, that share grew by 401% to R62 676 per year — a compounded annual rise of 8.9% per year.
Such statistics belie a different reality — South Africa is among the world’s most unequal societies with
persistently high unemployment for the last twenty years.’9° This mismatch points to other structural
and systemic issues within South Africa’s political-economy that defines the nature of how wealth is
distributed and used. Oil and gas wealth can relieve this as much as it can sustain this divide in wealth
and income share.

If economic and fiscal policies are designed well, they can lead to stronger possibility of economic
development and poverty alleviation. The prevailing setting of governance and the political-economy
over a country’s natural resources is often a better indicator of where things can go than the mountain of
rhetoric and platitudes announced along with the intention to open up new resources for exploitation so
as to calm popular sentiment and build public support to serve vested interests.

The fair distribution of oil and gas benefits requires sound economic policy and governance in order to
properly allocate and invest any revenues generated from oil and gas receipts. Good governance supports
strong national sovereignty over resource management and economic planning.

An important issue that South African policy makers must grapple with is what type of fiscal model
would work locally for shale gas specifically, but also for wider oil and gas exploitation if these prove to
be realisable in future. We do not need to reinvent the wheel, but can draw from experiences and insights
based on application of fiscal tools and policies ' implemented elsewhere in the world.

The Norwegian model relies on what is called the ‘bird-in-hand 9> approach where national budgets are
drawn3 or run into deficit ranges based on the overall returns from accumulated surplus from oil and
gas sales that are managed as a pool fund™4.

The Norwegian and Chilean models are often cited, but there are more. Nonetheless, these are well-tested
economic models that should be studied carefully. We will not delve into this deeply but economists such
as Hotelling'9s and Hartwick¢ as well as Friedman’s Permanent Income Hypothesis'” provide useful



economic theories to consider the fiscal policy design for optimal royalties, fees, levies or taxes that
allow the state to build new endowments and capabilities from a depleting resource. All of these
economic models are designed to create new wealth and preserve wealth as part of intergenerational
equity strategies. These benefits, in turn, are dependent on the nature of the consumption of
revenues based on whether investments are made in durable goods (capital spending) or non-
durable goods (current spending)“8. Predictability of revenues from oil and gas proceeds would
also determine the size of the deficit the government can carry on its books in order to ensure that
spending towards social welfare and development is brought forward if revenues have high levels
of certainty.

Other countries have considered the creation of a Stability Fund®® to smooth the effects of
commodity price cycles due to boom or bust periods. Stability Funds also act as useful buffers for
managing currency risk and for managing boom and bust cycles that are often associated with the
extractive industries.

These economic theories collectively suggest that the conversion of depleting resources into new
types of assets should happen at the desired rates of substitute annuity income. In countries that
have development backlogs, it is expected that some portion of the revenue stream will be used for
consumption such as the spend on new infrastructure or the provision of other public goods, while
the remainder will be invested. The rate of spend has to be aligned with reserve estimates, the
pace at which the reserve will be extracted, and the present and future price for the resource. This
may well be relevant for South Africa in the future as the combination of on-shore and off-shore
reserves can boost fiscal coffers. Fiscal regimes allow for judicious management of revenue streams
from the extractive industries by the government on behalf of its citizens. In the absence of such
regimes, social benefits may be undermined, environmental externalities may not be dealt with and
the development of the extractive industry can have adverse impacts, crowding out the potential
and the development of other sectors of the economy, especially manufacturing, particularly if
there is an influx of foreign currency. This is known as the ‘Dutch Disease’ syndrome=°°.

Since we do not know enough about South African conditions, it is hard to predict the ultimate
economicreserve or thelife-span of such a reserve for shale gas. All of these matter when considering
what the royalty and environmental levy rates should be. They tell us, in effect, whether economic
interests will trump social and environmental interests. Our considerations, as far as economic
policy goes, do not only dwell on labour and capital as inputs of production but also on the use of
the environment.

The exploitation of resources should take into account damage, loss or other factors that
compromise future use and benefit from environmental resources. These tend to be ignored,
underestimated or simply used as a subsidy to bolster economic growth and production.
Sound governance and fiscal regimes that tame the excesses of rent-seeking are more likely to
accommodate proper environmental mitigation measures as well as social development objectives
in areas where communities will be most affected by the extractive industries. Income uncertainty
from shale plays can be a key characteristic of shale gas because of the different nature of shale-gas
wells compared to conventional wells. This makes royalty estimates, other levies and investment
of revenues a challenge in areas of the economy dependent on oil or gas revenues.

Ideally, oil and gas rights should be put out for bid2°*202. This is not a practice in South Africa as
allocation of exploration rights has been done on a first-come-first-serve basis. Companies that
value the resource most and have had proven track records in sound environmental practice should
be preferred bidders. In general, oil and gas industries tend to generate surpluses depending on
production costs and the global prices of oil and gas. These surpluses or super-profits are not a




result of effort, but rather of market conditions and national governments have a right to a part of
these revenue streams. Experience with the development and exploitation of North Sea oil and gas
provide useful examples of how Britain and Norway developed these reserves or frontier petroleum
fields where the risks were high during the early prospecting and development phases. In the early
phases, both the Norwegian and British governments avoided equity and operational participation.
They had private companies take on the risk of establishing the new oil and gas fields. Fields that
had high levels of certainty were put out for bids for exploration and production licences. Private
companies, in turn, managed the risk by creating diverse consortia. As risks of proving the reserves
declined, more state participation could be seen and in Norway it became mandatory.

Norway’s state participation took the form of ‘carried interest’ during the exploration phase. It allowed
the state to exercise the option of holding a participation share in the development and production
phase as well. In essence, the state carried none of the risk during exploration. As risks fell even
further, both the UK and Norwegian governments increased their participation with Norway forming
Statoil in 1972 and nationalising its resource base. At first Statoil operated as an investment arm of
the state. Later it was entitled to a 50% carried interest in all new exploration blocks. Britain followed
suit but did so more gradually. Norway’s Statoil became an active oil and gas operator holding the high
potential blocks. However, Britain privatised its national oil company and Norway did not2°s. These
different approaches and economic policy regimes have led to very different development pathways
and beneficiation outcomes as we can see today.

0Oil and gas resource endowments do not easily translate into resource entitlements for citizens. There
is always the danger of capture of these rents by more politically connected and moneyed interests.
The exploitation of natural resources also has costs and risks that can be apportioned unfavourably
within a political-economy that has entitlement regimes which are exclusive by nature. The efficient
capture of resource rents by the State can finance government expenditure when the development
backlog in a country is acute. Some of these endowments and entitlements are not only in the form
of social transfers, but also in ensuring that environmental and health risks are mitigated or proper
provisions are made to deal with them in the long term. This is both a question of the design of the
redistribution model, and also, critically, the governance and accountability over such expenditures.

The South African oil and gas plays, especially shale gas, currently suffer from a trust deficit. The
credibility of accountability measures are not believable by the public given the widespread prevalence
of corruption and political scandals that have been the focus of media attention in South Africa.

Paul Segal, in his examination of fiscal policy regimes in Mexico2°4, provides a useful framework for
thinking through oil and gas rents and entitlements. Segal proposes=°s that the measure of success of oil
and gas policies, as far as the accruing of rents go from these resources, is not only the market income,
but the degree to which citizen entitlements are enhanced and advanced through various forms of
social expenditure during the life of the resource base.2°¢ Entitlements themselves are conditional on
oil revenues and therefore the decision to consume or save these revenues are important long term
planning issues that the state must undertake.

One of the glaring problems with Shell’s Econometrix study>7 is that it shows market income and
optimistic figures for jobs, but fails to really grapple with issues of inequality and redistribution under
the current political-economy in South Africaze8. It assumes entitlements are automatic and seamless
between the exploitation of resources and the way revenues are appropriated and accrued within a
given economy.



/. TOWARDS A BASE
ECONOMIC MODEL FOR SHALE GAS

Kaiser and Khater have developed a wellhead economic model that would not be difficult to apply
under South African conditions. We propose a sensitivity model based on the outline in Table 7a
and 7b drawn from the work of Kaiser 2°9 and Khater >° and others. These sensitivity models can
be used for different cost and revenue variables. They would, with time, be useful for South African

conditions once we have better knowledge on what may prevail in the Karoo>. These cost and
revenue details can be modified to suit local South African conditions. A cost map for South Africa
can be created using the measures in Table 7. We provide a sample of cost items for illustrative
purposes in this paper and so have left various values out. We include them here to demonstrate
the profile the model should take by demonstrating the input variables on the right-hand side of
Table 7a and Table 7b. This allows for the modelling of different cost and price scenarios to test the
sensitivity of the wellhead costs under different production volumes and economic conditions. From
such a model, the break-even cost can be estimated, this can be used to guide appropriate prices for
shale gas, royalty rates and environmental levies that can be derived from a specific shale-gas field
or well.

Presently, the application of a base economic model is limited in South Africa as there is insufficient
data and exploration information. A great deal of work on the geology and other aspects of shale-gas
development has yet to be done>. The target shale-gas formations are the carbonaceous shales of
the Ecca and Dwyka Groups?'® The Ecca groups have been shown to have the highest potential>4
for dry-gas production®5. Early drilling was undertaken by Soekor between 1965-1975 where the
state company of the Apartheid era explored for oil and gas in the Karoo. Soekor identified gas in
tight shale formations of the Ecca Group at depths of 2500-4000 m. Soekor drilled 24 deep wells
and this early work identified carbon-rich target zones principally in Whitehill>® and Collingham
formations®”. More bounded estimates for shale gas have been calculated in South Africa following
the US Geological Survey (USGS) estimates. They have resulted in a down-grading of the USGS
estimates of 485 TCF. Tighter estimations place shale-gas resources estimations at between 40-
80 TCF for South Africa with the high potential areas in the Prince Albert Corridor and Whitehills
Formation.

Table 7a: Well revenue streams Wells Production Performance

VARIABLE Code Unit P9o P50 P10
Initial Production Rate IP_rate Mmcf/d

Initial Decline Rate ID_rate % per year (0] 0 0

Estimated Ultimate Recovery EUR bef per year 0 0 0

Table 7b: Well cost variables Development Scenarios
VARIABLE Code Unit Low Average | High
Capital Expenditures Cap_EX $million 0 0 0
Operational Expenditures Op_Ex $/mcf 0 0 (0]
Royalty Rate Disc_Rate % per year 0] o] 0]
Gas Price GP $/mcf 0] 0 0]
Discount Rate Disc_Rate % per year 0] o] 0]
Corporate Tax Rate Inc_Tax % per year (o) 0 0

Source: Khater, Universite Laval Quebec, 2013




8. THE ECONOMIC POTENTIAL AND
ENVIRONMENTAL CHALLENGES FOR SOUTH AFRICA

MAIN FINDINGS

» Tighter environmental regulation costs are unavoidable to deal with short-term and long

term risks.

» Transparency of chemicals used for fracking is important.

*  The potential of seismic trigger effects are not well understood in South Africa.

*  Poorly designed reclamation provisions can prove to be insufficient to deal with externality
costs.

* Theimpact of a carbon tax must be considered.

*  Economic value is dependent on economic beneficiation.

e Job numbers are likely to peak from the development of shale-gas reserves to well completion
and rapidly decline during the production phase.

*  Expectations of high direct jobs do not match reality and do not seem realisable in the future
either but midstream and downstream secondary, tertiary and induced jobs have the potential
to be high if the resource is significant.

Exploration applications cover an extensive 40 — 70% of South Africa’s surface area2's. The economic
reserve is still to be determined=>". Some assessments paint a less optimistic picture for South African
shale and CBM based on full cycle economics>?°. Model break-even prices>* have been estimated
at US$11.93/mcf for shale and US$13.33/mcf for CBM222, Our own analysis of the literature and
drawing from the perspectives of others suggest that even at $7/mcf, shale is uneconomical and prices
will have to be higher for the gas drilling to be financially viable. We cannot discount observation
from some geologists that much of the gas has already been burnt off>?3 or leaked due to doleritic
intrusions224225 in parts of the Karoo.

We have largely focused our analysis on upstream costs — in this case the wellhead costs and
their economic dynamics as they pertain to shale gas. Further work needs to be done on various
environmental costs2?¢ like water treatment, ensuring proper methane capping?’ reclamation costs
for fractured sites after gas production, and road haulage damage?23. There have also been studies on
the life-cycle carbon footprint of shale gas. The Department of Environmental Affairs commissioned
a study that shows that the carbon footprint is higher if the gas is exported when compared to using
it for electricity and other purposes. The main reason being that domestic consumption displaces
the use of coal>.

8.1 ENVIRONMENTAL COSTS

Environmental costs will be an important and significant cost variable as they have shown to
increase in the US over time and as drilling expands to more densely populated areas. One estimate
put tighter environmental regulation costs in the US at $500 000 per well23°. We see these as
unavoidable as mitigating environmental damage in the Karoo has to be a key condition for fracking.
Appropriate mitigation will require good baseline studies for methane, brine and other chemicals to
ensure traceabiity of source>* and identification of liability?s>. Transparency of the chemicals used
for fracking would need to be part of the regulatory regime=33. In the US, some states have a specific
haulage levy or bonds so that costs associated with road damage can be recovered from shale-gas
companies.



The various measures have to be studied more closely as they are not an intrinsic part of this study at
present.

Seismicity may also be an issue in what some geologists call trigger effects as the result of either
well-injection of waste frack fluids (unlikely in South Africa)34 or a result of underlying structures
impacted by shifting stresses?3523¢ due to the movement of rocks. Trigger effects of fracking are not yet
well understood in South Africa because of lack of geological knowledge and insufficient measuring.
Areas most prone to trigger effects could well exclude extraction and become no-go areas. In so doing,
reducing the available land area for drilling. It will be a factor to consider when identifying potential
areas and the long term viability of shale gas extraction.

The pursuit of environmental damage claims against multinationals is gaining growing interest
in the light of a recent US ruling against BP for damages in the Gulf of Mexico as a result of the
Deepwater Horizon blowout>3. Special attention will have to be given to long term reclamation costs
for abandoned or orphaned wells238. In the US, this is proving to be a cost that is increasingly having
to be drawn down from existing state level budgets as adequate provisions have not always been made
in the life of the oil and gas industry. The US oil and gas industry drilled a million wells or so over the
last hundred years. Some cost estimates for reclamation already exist for Texas and Pennsylvania. The
work done by Austin Mitchell>39 a PhD student at the Carnegie Mellon University provides interesting
insights on what is going on in the US and ways in which new innovations can be introduced in the
design of future provisions for reclamation. His work involves financial models that ensure better cost-
recovery strategies tailored for unconventional oil and gas plays given our understanding of decline
rates and other features associated with the performance of shale-gas wells.

Reclamation provisions can be poorly managed or insufficient*+ to deal with the true costs of
externalities in the US. Mitchell suggests that in the case of shale gas, the full reclamation cost should
be recovered within the first five years of the productive life of a well and these cost estimates should
be revised on an annual basis. Provisions will have to be adjusted based on whether costs increase or
decrease. Since shale-gas production estimates can be unpredictable, determination of revenues for
environmental costs and royalties becomes a challenge. It seems, as a result, that the most optimum
time to secure maximum revenue streams is during the early IP period just at the point of the curve
where cash-flow peaks to where it ebbs and reaches its natural lowest limit as the economic limit
reaches its tail-end — see Figure 9.

Figure 9: Cash-flow scenarios in relation to shale-gas decline curves
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The possibility of formation brine and methane leakage2+ also increases with time. Well barrier
and integrity failures can happen during shale-gas production and long after wells are plugged and
abandoned. Estimates vary as to the incidence of barrier and integrity failures from 1.9% to 75%
based on publicly available datastats for different countries around the world>+. If shale gas is drilled
in South Africa, proper monitoring and data will have to be kept through the creation of reference
wells. Mitchell points out that plugging costs can be high if the wellbore is of a poor quality. Access
to wells is often restricted after abandonment because the land is privately owned. Well reclamation
costs — involving the fracked site and the wellbore - can range between $60,000 - $100,000 USD per
well based on estimates from Pennsylvania. The creation of provisions through trust or by forcing
companies to hold bonds in an escrow account may incentivise compliance, but operators can go
insolvent due to the fact that they operate in an industry that goes through boom and bust cycles243:

Insolvencies and inadequate provisions can pose some challenge as the liability would then be
transferred to a third party. The main challenge here is to align the separation of the production
period to the stage when reclamation costs are incurred. This can be well into the future when nobody
is really looking at the problem and liability costs anymore. Mitchell refers to more robust approaches
employed by certain provinces in Canada using a Licensee Liability Rating Programme as a case in
point. The Canadian approach is to proactively undertake a due diligence measure that tries to match
liability creation with the capacity to offset the liability by a firm taking into account the asset base of
the company. The Canadian example warrants further investigation.

In the South African case one may have to include potential cost or pricing of a carbon tax given
that leaking methane is significantly more detrimental than carbon dioxide as a greenhouse gas>#.
The enaction of a carbon tax can also be viewed as a positive incentive because it may force better
standards and compliance as far as well casing and sealing goes. The approach to provisioning may
also incentivise good practice and high standards for well development before and after production
when the wells need to be plugged. Austin Mitchell, notes: “The risks that annular pathways will
develop increases over time as chemical, mechanical and thermal stresses causes deterioration of
well structures and components”45. Failures24° are due to the natural deterioration of the cement>+
through the formation of cracks, corrosion of steel production casings, and valves that develop faults
over time.

Water24® will probably require much more detailed and focused attention in South Africa*4 due to
the sensitivity around availability and the use of the resource in sparse areas like the Karoo. Figure
10 depicts the major challenges related to water. Localised impacts of water demand for fracking can
be significant even though they are unlikely on water abstraction and availability on a national scale.

Localised impacts can be seen in the way in which water use for the Barnett shale in Texas has been
proven to be a significant drain on existing available resources?s°. Water volumes vary per frack and
well types — averages can vary from 8000-16000 cubic metres of water per well>.

There is growing literature on best practices for wastewater management from fracking. Some argue
for the creation of wastewater reporting and tracking systems so that wastewater treatment responses
can adapt to changing conditions for on-site waste treatment technologies®s2. We believe that water
will be a pivotal issue for the economics of shale gas in South Africa, not only in terms of the cost of
acquisition of water, depending on whether it is ground water or derived from other sources, but also
in terms of the treatment regimes used to deal with recalcitrant toxic chemicals and other substances.
We will be doing a separate study on treatment regimes for water and their costs in the future.



Figure 10: Classification of different water types, challenges and impacts from
fracking
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8.7 SHALE-GAS BENEFICIATION PATHWAYS

The public discourse on shale gas can give the impression that shale gas will be cheap and that
beneficiation pathways from the use of shale gas will be easy. This may be true or not at all. A lot
depends on how we add up the costs involved for the full economic life cycle of shale gas. The general
economic beneficiation pathway?5? from shale gas is ultimately dependent on the wellhead costs.
Wellhead prices will influence the extent of domestic market penetration as shale gas will have to
compete with coal, renewables and other energy sources. Beneficiation pathways require long lead
times as the development of domestic markets and infrastructure are key to the extent to which deep
beneficiation will happen. South Africa has limited experience in the development of a gas market and
infrastructure system. There is still much to consider. Feasability studies must be carried out on the
long term trade-offs of putting in infrastructure against the need for certainty of the economic reserve
that can be exploited at current and future prices.

There are several pathways to consider, but we think the core would include the uptake of gas in the
electricity sector, gas for conversion into liquid fuels or the use of gas in natural gas vehicles, and
compressed natural gas. Each of these pathways are feasible but will require further economic analysis.
It is likely that gas consumption will be very quickly utilised in the chemical industry as a substitute
feedstock in the production of fertilisers, ethylene, propylene and other productss+. Gas-to-liquids
and gas-to-power have a strong probability of being the lead monetisation options in the first phase of
the gas market development . The use of gas in the power sector depends on the gas price and whether
it is dollarised or not. South Africa has considerable experience, via SASOL, in the conversion of gas-
to-liquids (GTL) and GTL use could be a faster beneficiation pathway due to the country’s inherent
capabilities?ss. It might prove easier to go the GTL route than converting cars to natural gas vehicles
(NGVs) or users of compressed natural gas (CNG)»3¢. SASOL is looking to establish itself as a major
player in the gas market and wants to move away from coal as a primary feedstock?s7.




As far as the effects of exploiting shale gas in South Africa on GDP go, this will depend on the size of
the resource, the value of the resource and the pace of resource extraction. Domestic supply would
offset foreign imports of oil and gas. These would have balance-of-payment benefits. But the depth of
economic value is dependent on the depth of beneficiation, as we can already see for other extractives
in South Africa. The higher the levels of beneficiation, the more secondary, tertiary and induced jobs
will be created. The general impacts of shale gas on the US economy have been analysed elsewhere.
Long term impacts from shale gas have been estimated to be around 0.84% of US GDP between 2012
and 2035 258. The impacts are small in relation to the rest of the US’s sizeable economy. In the US there
will also not be dramatic effects on manufacturing either, as is often implied, as the influence of cheap
gas on industry and manufacturing is selective, mostly limited to industries switching fuel from coal or
substituting for oil-indexed products like naptha25° for cheap gas in the fertiliser and plastics industry.
The US is primarily a service-based economy. The service sector accounts for 83% of total employment
— an increase in share from 60% since 19472°. For manufacturing to return to the US, other factors
than gas price will play a role, such as corporate tax rates, labour costs and other variables.

Electricity markets are complicated as fuel costs are only a portion of the electricity price structure*'.
Othercostsrelatetotransmission, distribution and taxes orlevies. Astudybythe Institute for Sustainable
Development and International Relations (IDDRI) shows that no major GDP, manufacturing or
electricity price effects are evident, while other studies suggest the opposite.22. It is unlikely that utilities
will have a tendency to transfer these benefits to consumers if gas prices are low compared to other
fuels. This is especially true in a country like South Africa where full cost recovery — through the tariff
system — remains a challenge. The question of whether US gas prices will stay low in the next decade
or more is debatable.

This report has not gone into the details of job numbers, but preliminary work shows that job numbers
peak from the development of shale-gas reserves to the well completion period and rapidly decline
during the production phase. Fracking is highly industrialised and a high skill industry. Expectations
of high direct jobs do not match the reality of technology developments in the shale-gas industry at
present and in the future. The levels of mechanisation and automation are high and are expected
to increase as fracking technologies evolve. Available studies on job numbers can often be hard to
disentangle as assumptions about direct, indirect and induced job numbers vary between studies?¢s.
These assumptions will influence how one reads the relevance of economic multiplier models used
to determine job numbers in various studies. Some of these assumptions depend on total revenues
generated2°+ and expectations of spend in a local economy?=%5 266,

More realistic numbers for jobs can be determined for direct jobs per well and ancillary services
associated during the well production period like transportation, maintenance, wastewater
management, hospitality etc. Other economic impacts include wage differentials between high-skilled
and low-skilled workers, impacts on property prices2¢” and labour migration patterns of outsiders
versus insiders (and the social consequences thereof) due to the transitory employment effects of
extraction2¢8, Nonetheless, most of the claims regarding the long term economic boost of the US
economy from cheap shale gas need to be treated with some caution as a short-term boom may not be
a sign of long term trends. There other structural issues in the US economy that will not be resolved
by a transient shale-gas boom. The US, like Europe and Japan, is going through what is referred to
as ‘secular stagnation’ following the 2008 financial crisis. Since oil and gas account for only a small
portion of the US economy, broader economic prospects are dependent on demographics, debt levels,
saving rate, education and innovation2%. These structural issues are also relevant for South Africa.
While energy costs play a role, it is worth stressing here that they are not the sole input costs that
determine the level of economic activity and growth.



9.

CONCLUDING HIGH-LEVEL ASSESSMENT

Our findings are preliminary. Due to the lack of quality data for South Africa our assessment takes
a more conservative view of shale-gas prospects. The assessment is not definitive as our reflections
are based on what we understand from the US experience. In summary:

10.

Shale gas, by definition, is a marginal resource as its exploitation is reliant on high gas or oil
prices, generous or reasonable tax incentives and other factors, coming together in a seamless
manner;

The idea that gas will be cheap mimicking US Henry Hub prices reflects a misunderstanding of
gas monetisation in the US as this is not applicable to South Africa. Preliminary findings from
drilling attempts in other countries have shown that extraction costs have been higher than
anticipated;

Due to its inherently marginal economics, the incentive to export the gas will most likely be a
greater probability under South African conditions as the arbitrage value to the highest paying
market is the only economically viable option for shale-gas extraction if domestic gas prices
cannot compete with export prices and other energy sources;

Export prospects of shale gas grow in South Africa if integration into the domestic economy and
high levels of beneficiation are not forthcoming or have lead times which are too long;

There is a possibility that if the economics of shale gas works out, shale gas could be a
complementary component of an off-shore and regional integrated gas market. On its own,
shale gas is likely be a tough prospect because of other needs like pipelines, storage and other
infrastructure;

The economic viability of shale-gas extraction is based on success rates of drilling and fracking
techniques. Break-even margins are dependent on cost reductions in well development and
completion, effectiveness and efficiency. The levels of cost-savings that can be achieved are
uncertain;

Long term technology trends and learning rate improvements could shift the economics and
make it more positive. However, there is a great deal of uncertainty regarding how these trends
will affect the underlying economics if other standard cost variables are also changing;

The regulatory environment for South Africa — because of environmental externality issues
and water security concerns — should be founded on the highest standards of best practice. In
the Karoo, high environmental standards are necessary and government public justification to
exploit a resource like shale has to be measured in terms of the various trade-offs discussed
above. These include benefit to the fiscus, job creation, localisation potential, environmental
impacts and the long term sustainability and resilience of the South African economys;

The balance of private versus public interest will influence the economic viability. The tension
between these two contending and sometimes converging interests are not always easy to resolve
or reach a consensus on;

Water acquisition costs and the treatment of frack wastewater will add additional burdens to
cost management. Water treatment is essential as frack fluids which contain formation water




will include harmful chemicals such as bromide, radium and arsenic that will have to be properly
disposed of. These disposal costs are not well established at present and will be determined by the
chemical composition of flowback water and the model and technology of the treatment regime
that would have to be applied to safely dispose of wastewater;>7°

11. The reclamation provisions model and method of provisioning will be necessary not only to deal
with rehabilitation of frack sites, but also long-term well failure and degradation. These tend to be
liabilities that are transferred to the public long after production has been completed. Reclamation
provisions, either through trusts or bond guarantees, will have to be closely studied and designed
to accommodate the aftermath of fracking even though wells are closed and plug experience shows
that well integrity and failures will happen.

Based on these preliminary assessments the commercial financial viability of shale gas will be
challenging and the success of gas extraction will depend on good knowledge of the geology, efficient
application of the technology, the pricing of gas and ensuring sufficiently high standard of measures
are taken to deal with both short-term and long term environmental impacts. The economics depends
on how the five drivers we have identified above converge. They can well facilitate the economics of
shale gas or prove to limit and hinder the success and commercial viability of fracking. In the interim
the conclusion we draw is that the full commercial exploitation of shale gas in South Africa seems like
a distant, if not unlikely, prospect.
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well failures. Traceability will allow liability to be assigned to the correct parties during and after fracking. Bacteriogenic
sources are usually found in shallower depths with lower temperatures while thermogenic sources are found at much
deeper depths where temperatures and pressures are higher. Thermogenic source rocks are characterised by rich total
organic content (TOC). They are usually black, calcareous shale which come from argillaceous limestones. Kerogen is
an insoluble higher molecular weight molecule while bitumen is the lighter weight solvent. Conversion reactions are
determined by temperature, geothermal gradient and time of burial. The thermal maturity of bitumen then determines
the oil-to-gas transition. There are four different types of Kerogen (from I-IV). Type I, II and III kerogen is derived
from organic material such as algae, plankton and terrestrial plant material. Oil is mostly from sapropelic organic
matter (type I and II) and gas from humic sources (type III and IV). Gas wetness is defined by the formula (C2+C3+i-
C4+n-C4)/(C1+C2+C3+i-C4+n-C4)*100. See temperature gradients in Figure 2. The molecular composition of gaseous
hydrocarbons are seven saturated compounds; methane (C1), ethane (C2), propane (C3), isobutene (i-C4), normal
butane (n-C4), iso-pentane (i-C5) and normal pentane (n-Cg).

A chemical method for breaking hydrocarbons into smaller molecules that can be analysed for their vitrinite reflectance
and other properties.

See Schlumberger. Oilfield Glossary [Online] Available at: http://www.glossary.oilfield.slb.com/en/Terms.
aspx?LookIn=term%20name&filter=total%20organic%20carbon.

Vitrinite is a chemical substance found in coal and kerogen. It has a shiny appearance and is derived from the cell walls
of wood tissue and plants. It is made up of cellulose, lignin and polymers. Vitrinite reflectance is a technique used to
establish the temperature conditions organic material was subjected over geological time. It is useful in establishing
thermal maturity and is designated by the metric symbol %Ro.

Wet gas is also described as natural gas liquid. This is produced by separating the dry gas from the heavier hydrocarbons,
which in this case would be ethane, propane and other NGL condensates. Condensates are more oil based products that
can be mixed with gasoline in refineries. The US generally does not allow for the export of condensates. Ethane production
has been substituted for more expensive naptha. Propane is also derived from NGLs and is used to produce Liquid
Petroleum Gases (LPG). Ethane is a gaseous mix and is used by the domestic petrochemical industry as a feedstock for
the production of ethylene. Ethane steam crackers are used to break down hydrocarbon bonds to produce what is called
olefins which are the chemical building blocks for plastics, synthetic rubber and other petrochemical products. Ethane
feedstock economics is also an improvement on naptha as a higher volume ethylene can be generated from a smaller
stock of ethane compared to naptha (for ethane it is around 80% compared to 25-30% for naptha). In the processing of
NGLs, producers can choose to recover ethane or not depending on domestic ethylene prices. The US petrochemicals
industry is the only source of ethane demand at present. On the other hand, the US is fast developing as a major exporter
of LPG. See a very useful paper by Fattouh, B. and Brown, C. September 2014. US NGLs Production and Steam Cracker
Substitution: What will the Spillover Effects Be in Global Petrochemical Markets? The Oxford Institute for Energy
Studies (OIES), Oxford, UK.

Passey, Q.R., Bohacs, K.M., Esch, W.L., Klimentidis, R. and S. Sinha. 2010. From Oil-Prone Source Rock to Gas-
Producing Shale Reservoir — Geologic and Petrophysical Characterization of Unconventional Shale gas Reservoirs.
Paper presented at the CPS/SPE International Oil and Gas Conference and Exhibition, Beijing, China 8-10 June 2010.

Well spacing is also important in ensuring that economic reserve estimates are more accurate and in reducing the
possibility of connectivity and sharing between wells.

Understood as water that is naturally found in the pores of rock or rock matrices due to natural seepage from surface or
subsurface sources. Formation water may not be the original water present when the rock water itself was created. This is
called connate or fossil water. Formation water is also different from produced water. Produced water is a term generally
used to describe water that is produced as a by-product during oil and gas extraction.

Deshpande, V.P. December 2008. General Scientific Criteria for Shale gas Reservoirs and Production Data of
Barnett Shale. Thesis submitted for Master of Science to the Office of Graduate Studies at the Texas A & M University.

High pressure fluids result in fracture zones from the location of the fracture to areas with the least resistance. There
are three types of fractures: Mode I, crack fracture propagates in the normal direction away from each other, Mode II,
fracture propagates through shearing by means of a sliding mechanism away from each other and Mode III, fracture
propagates through shearing but by tearing away from one another. Mode I is the most common type of fracture in
hydraulic fracturing. See, Knudsen, M.J. 2012. Extraction of Natural Gas by Hydraulic Fracturing. Thesis submitted
for the degree of Bachelor of Science, University of Florida.

See http://www.gasfrack.com/ for more information on LPG fracking methods. GasFrack Energy Services is a Canadian
company which tested LPG as a substitute for water. There are only about 2000 wells or so being tested using LPG. About
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95% of wells continue to use water as a frack fluid. LPG allows fracks to be done with propane, butane or pentane.
Even if there were improvements in the use of LPG, it is unlikely to be a total solution. LPG is more expensive than
water although there are savings later on as you do not have flowback or wastewater to deal with afterwards. It is
claimed that LPG fracks produces higher gas yields. These claims have not been independently verified. The LPG
used for fracking can also be reused and sold. The disposal of water costs can be around $10/barrel adding to $1-2
million more to wellhead costs.

See Wilson, T.B. 2013. GasFrack: A Cost-Benefit Analysis of Hydraulic Fracturing with Liquefied Petroleum Gas
Gel. Journal of Technology Law and Policy XIV. [Online] Available at: http://tip.law.pitt.edu.

A horizontal well is fracked in stages and these stages can vary. Well longitudes — the length of the horizontal wells
- are getting longer and so are the number of frack stages. In other words, starting at the end towards the entrance
of the vertical well, the horizontal well is fracked in different phases. The greater the length and the more stages
fracked, the more water and other chemicals used.

Knudsen, op. cit. note 40 at 26.

Hydrochloric Acid (HCI) is usually used to clean the perforations and cement. To prevent corrosion and protect
steel casings, inhibitors are used. Breakers are used after proppant transfer to break the gel and allow proppants to
be released into fractures.

Water is pumped initially to clean the wellbore. The well is then sealed and pressurised to allow water and acid
to create fractures. Lubricants are then added to facilitate proppant transfer. Proppants come in different sizes.
Once the well has been fractured, more freshwater is pumped into the well to clean out the proppants before gas
production can begin. Horizontal wells can use anywhere between 4-to-8 times more water than vertical wells.

Some of the early breakthroughs came from the use of slick water fracking. It is a method of fracking using large
volumes of water with low proppant, as proppant costs are high. This technique was first invented by the Union
Pacific Railroad Corporation and was pioneered in tight gas formations. Slick water fracking helped to reduce costs
by 50%. However, it is not always applicable to all geological formations. Some geological formations have weak
containment barriers which require high proppant volumes.

India and Pakistan are the only countries which grow the guar bean from which guar gum is derived. Guar is
currently one of India’s biggest exports.

It describes a mixture of chemicals in water drawn from a menu of over 600 or more different chemicals. The
chemical formulation used depends on the nature of the frack required. Many of these chemical formulations are
trade secrets.

Ground Water Protection Council and All Consulting. April 2009. Modern Shale gas Development in the United
States. A Primer. Prepared for US Department of Energy, Office of Fossil Energy and National Energy Technology
Laboratory, USA.

US EPA. June 2010. Hydraulic Fracturing Research Study. U.S. Environmental Protection Agency (US EPA), USA.
[Online] Available at: http://www.epa.gov/safewater/uic/pdfs/hfresearchstudyfs.pdf.

It generally refers to water that has high salt content or salinity. However, deep water brine can
also contain radium, boron, bromide and other chemical salts. Brine that is returned with flowback
water also contains formation water. For more information see: Chameides, B. 2013. Fracking
Water: It's Just So Hard to Clean. National Geographic Society, USA. [Online] Available at: http:/
energyblog.nationalgeographic.com/2013/10/04/fracking-water-its-just-so-hard-to-clean/

In our conceptualisation, flowback water is water that is returned to the surface and has dissolved minerals
and salts. Total salt content is measured in total dissolved salts (TDS). Brine and produced water is often used
interchangeably with formation water in the literature. However, we regard formation water as water that is derived
from deep below the surface that existed before fracking and then is also generated after fracking with the extraction
of gas.

See Brantley, S.L., Yoxheimer, D., Arjmand, S., Grieve, P., Vidic, R., Pollak, J., Llewellyn, G.T., Abad, J. and C. Simon.
2014. Water Resource Impacts During Unconventional Shale gas Development: The Pennsylvania Experience.
International Journal of Coal Geology 126: pp. 152.

Groom, N. July 15, 2013. Analysis: Fracking Water’s Dirty Little Secret — Recycling. Reuters. [Online] Available at:
http://www.reuters.com/article/2013/07/15/us-fracking-water-analysis-idUSBRE9Q6E0ML20130715.

See Sider, A., Gold, R. and B. Lefebvre. November 20, 2012. Drillers Begin Reusing ‘Frack Water’: Energy Firms
Explore Recycling Options for an Industry That Consumes Water on Pace With Chicago. The Wall Street Journal,
USA. [Online] Available at: http://online.wsj.com/news/articles/SB1000142405297020393700457807718311240
9260.

See Brantley et al op. cit. note 54 at 140-156.

A technical term used by petroleum geologists to describe a potential hydrocarbon location within a specific
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geologic formation. So when they say the Karoo has 485 TCFs of shale gas resource they mean GIP. However, the
GIP is not the same thing as the economic reserve. Based on current geologic knowledge and technology, a lower
technically recoverable resource (TRR) becomes the next best estimate and it is only when drilling is complete that
the economically viable reserve or the Estimated Ultimate Recoverable Reserve (EUR) is determined.

Useful technical detail can be found in the following thesis: Janzen, M.R. December 2012. Hydraulic Fracturing in
the Dutch Posidonia Shale. Delft University of Technology, Netherlands.

See also Carratu op. cit. note 29.
See Euzen, T. October 2011. Shale gas an Overview. IFP Technologies Inc, Canada.

Ghassemi, A. June 2012. A Geomechanical Analysis of Shale gas Fracturing and Its Containment: A Technology
Status Report. Texas A & M University, Texas. [Online] Available at: http://www.rpsea.org/media/files/project/
dcg535ec/10122-42-TS-geomechanical_Analysis_ Gas_Shale_Fracturing_ Containment-07-02-12.pdf.

Wang, W. May 2014. Study of Natural and Hydraulic Fracture Interaction Using Semi-Circular Bending
Experiments. Master of Science of Engineering submitted to the University of Austin Texas, USA.

Technically speaking, well design engineers have to determine a reservoir’s transmissivity and storativity.
Transmissivity relates to the ability of gas to flow between the rock matrix, natural and artificial fractures. Storativity
describes the ability of secondary pores, as a result of artificial fractures, to serve as gas stores. As Carratu explains:
“matrix has large storativity but negligible conductivity while the fracture network has negligible storativity but
high conductivity” and “Shale rocks, however, do not display a uniform pore size; instead, they have a variety of
pore sizes, ranging from micropores to nanopore size pores”. Carratu, op. cit. note 29 at 22-23.

There is always a danger of proppant flowback which can cause well productivity to drop.

The proppant used is usually sand but ceramics can also be used if a stronger proppant is required. Gels are usually
used to increase viscosity so as to carry the proppant. Gel tends not to be used when the rock mineralogy has high
brittleness.

Brittleness can be determined using Young’s Modulus and Poisson Ratio. Young’s Modulus is a measure of tensile
strength and the ability of a material to withstand stresses due to another force or body acting against it. The
Poisson Ratio is a reflection of the strain a material experiences when stretched or compressed. Underlying shales
usually have rock formation barriers on either side of the shale formation. Fluid pressure, as a result of fracking
in the shale formation, should be resisted by the countervailing rocks which serve as barriers so that the fracture
formation does not extend beyond the shale formation. If pathways are created outside of the borehole this could
lead to methane or formation water leakage.

Lee, D.S., Herman, J.D., Eslworth, D., Kim, H.T. and H.S. Lee. 2011. A Critical Evaluation of Unconventional Gas
Recovery From the Marcellus Shale, Northeastern United States. KSCE Journal of Civil Engineering 15(4): pp.
679-687.

See also Burns, C., Topham, A. and R. Lakani. 2012. The Challenges of Shale gas Exploration and Appraisal in
Europe and North Africa. Paper presented at the SPE/EAGE European Unconventional Resources Conference and
Exhibition held in Vienna, Austria, 20-22 March, 2012. SPE 151868.

As a result, GIP estimates are continuously revised based on better geological information and production data.

It is the basis for volumetric per well reserve-estimates. It would also be used to project a well’s production
potential. SRVs describe the surface area or a proportion of the surface area of a shale gas reservoir that is opened
to the wellbore after stimulation.

Powers, B. August 11, 2012. US Shale gas Won't Last Ten Years, Interview Bill Powers. The Energy Report. [Online]
Available at: http://www.TheEnergyReport.com.

The most critical have been Arthur Berman and Bill Powers. See Stafford, J. March 5, 2014. Shale, the Last Oil
and Gas Train: An Interview with Arthur Berman. Oilprice.com. [Online] Available at: http://oilprice.com/
interviews/shale-the-last-oil-and-gas-train.

Patzek, T.W. 2010. Unconventional Gas in the US. Archives of Mining Sciences of the Polish Academy of Sciences
55(1).

Berman, A.E. and Pittinger, L.F. August 8, 2011. US Shale gas: Less Abundance, Higher Cost. The Oil Drum.
[Online] Available at: http://www.theoildrum.com/node/8212. Berman tends to have higher decline rate figures.

There is a great deal of variation. However, decline rates tend to be higher than conventional plays. Decline rates
can average 30-70% per well per annum.

Hughes, D. February 19, 2013. Drill Baby Drill: Can Unconventional Fuels Usher in a New Era of Energy
Abundance? Post Carbon Institute, USA. Hughes notes in this report that “80 percent of shale gas production comes
from five plays, several of which are in decline. The very high decline rates of shale gas wells require continuous
inputs of capital—estimated at $42 billion per year to drill more than 7,000 wells—in order to maintain production.
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In comparison, the value of shale gas produced in 2012 was just $32.5 billion.”

Foss, M.M. December 2011. The Outlook for US Gas Prices in 2020: Henry Hub at $3 or $10. The Oxford Institute
for Energy Institute (OIES), Oxford, UK. This paper also contains a useful discussion on future gas price predictions
for the US and considers shale gas plays and the economics in the US.

Some of the best work on real life decline rates for wells already drilled is that of David Hughes. See Hughes, D.
December, 2013. Drilling California: A Reality Check on the Monterrey Shale. Post Carbon Institute, USA. More
work by Hughes can be found on the Post Carbon Institute website at http://www.postcarbon.org.

See Coyne, D. 2014. [Online] Available at http://peakoilbarrel.com/. Coyne writes a blog on peak oil issues.
For more detail see Euzen op. cit. note 61 at 50.

Loder, A. April 3, 2014. An Old Formula May Overstate U.S. Oil Supplies. Bloomberg Businessweek. [Online]
Available at http://www.businessweek.com/printer/articles/192869-an-old-formula-may-overstate-u-dot-s-dot-
oil-supplies.

Kogler, K. August 2010. Considerations in Shale and Tight Gas Mechanisms for Reserve Estimations and Production
Physics and Mechanics. Bachelor Thesis, Department of Petroleum Production and Processing, Montauniversitat
Leoben.

g=quantity; qi=the initial rate in Mcf; t=time; D=decline rate; b=the decline exponent adjusted to match production
data.

Fetkovich developed new types of curves to accommodate transient flows. It is seen as a modification of the Arps
equation which ensures better flow boundaries for gas estimates by adjusting decline curves for more realistic
estimations. Generally, Fetkovich provides a better theoretical model for the behaviour of wells. The b factor differs
for different reservoir types. The Arps equation tends to work well in stable, non-transient flow type wells. In ultra-
low permeability wells, transient flow models are more relevant as they better align mathematical estimates with
the real-life physical performance of wells. Reasons for transient flow are not exactly known but could be a result of
liquid loading in pores or fractures.

Ik, D., Rushing J.A., Perego, A.D. and Blasingame, T.A. 2008. Exponential vs. Hyperbolic Decline in Tight Gas
Sands — Understanding the Origin and Implications of Reserve Estimates Using Arps Decline Curves. Paper
presented at the 2008 SPE Annual Technical Conference and Exhibition in Denver Colorado, USA, 21-24 September
2008. SPE 116731.

The process in which adsorbed gas is released or detached from rock grains or kerogen.

Power law methods are used widely in economics and other sectors and are described by the equation Y = kXa. Y and
X are variables of interest; a is the power law exponent; k is the constant. Power laws describe scaling effects such as
distribution of wealth, income, the growth of cities and firms. Power Law applicability exists because of the presence
of regularities or what some call ‘universalities’.

The power law formula used in shale gas estimates is q=qoexp [- (/T)™]. q is production rate; t is time since
construction; n is the model parameter; and t is time constant.

Mcneil, R., Jeje, O. and A. Renuad. 2009. Application of the Power Law Loss-Ratio Method of Decline Analysis.
Petroleum Society. Paper submitted as part of the proceedings of the Canadian International Petroleum Conference,
Calgary, Alberta, 16-18 June 2009.

Also referred to as Valko’s Decline method or stretched exponential model developed to produce more realistic
EURs. A complementary decline curve model which is often used is referred to in the literature as the Duong method.

See Husain, M.T. August 2011. Assessment of Reserve Estimation Tools for Low Permeability
Reservoirs Flowing Under Early Transient Flow Regime. Master of Science, Department of Energy
and Mineral Engineering, Pennsylvania State University. [Online] Available at: http://www.google.
co.za/search?hl=en-ZA&source=hp&q=Assessment+of+Reserve+Estimation+Tools+for+Low+Perm
eability+Reservoirs+Flowing+Under+Early+Transient+Flow+Regime&btnG=Google+Search&gbv=1.

This is because shale rock geophysics need to be better understood and production data more rigorously analysed
as more wells are drilled.

See also Mattar, L., Gault, B., Morad, K., Clarkson, C.R., Freeman, C.M., IIk, D. and Blasimgame, T.A. 2008.
Production Analysis and Forecasting of Shale gas Reservoirs: Case History Based Approach. Paper presented at
the SPE Shale gas Production Conference in Fort Worth, Texas, USA, 16-18 November 2008.

See recent media coverage of overestimation problems by industry. Loder, A and Amsdorf, I. October 9, 2014. We’re
sitting on 10 billion barrels of oil! OK, Two. Bloomberg. [Online] Available at: http://www.bloomberg.com.

Walton, I. and McLennan, J. 2013. The Role of Natural Fractures in Shale gas Production. In R. Jeffrey (Ed) Effective
and Sustainable Hydraulic Fracturing. InTech, USA. [Online] Available at: http://www.dx.doi.org/10.5772/56404.
Their main thesis is that natural fractures may not always be a good thing as they can be filled with calcite and
other minerals and thereby interfere with porosity. In most artificial simulation, well-design engineers focus on
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the flow path or connectivity from the impermeable matrix into fractures and then the wellbore. The paper describes
different methods for flow-rate determination using the discrete fracture network (DFN) model or dual porosity/dual
permeability models.

There are useful references on the Society of Petroleum Engineers (SPE) website that cover a lot of ground on decline
curves and other analysis. [Online] Available at: http://www.spe.org/

McGlade, C., Speirs, J. and S. Sorrell. 2013. Methods of Estimating Shale gas Resources - Comparison, Evaluation and
Implications. Energy 59: pp. 116-125 at 120.

Fritzgerald, T. 2013. Frackonomics: Some Economics of Hydraulic Fracturing. Case Western Reserve Law Review
63(4).

Kaiser, M.J. 2010. Economic Limit of Field Production in Louisiana. Energy 35: pp. 3399-3416.

See Jackson, R.B., Vengosh, A., Carey, J.W., Davies, R.J., Darrah, T.H., O’Sullivan, F. and G. Petron. 2014. The
Environmental Costs and Benefits of Fracking. Annual Review of Environment and Resources 39.

[Online] Available at: https://www.e-education.psu.edu/eme801/node/521.

IIk et al, op. cit. note 86.

Exponential decline (b=0), hyperbolic decline (0<b<1) and harmonic decline (b=1).
More detail can be found in Ik et al, op. cit. note 86.

For more detail see McGlade et al, op. cit. note 98 at 121.

Weijermars, R. August 5, 2013. Barnett at DFW Provides Lessons on Shale gas Projects at US Airports. Oil and Gas
Journal. [Online] Available at: http://www.ogj.com/articles/print/volume-111/issue-8/exploration-development/
barnett-at-dfq-provides-lessons-on-shale.html

Malewitz, J. December 21, 2013. Fort Worth Sues Driller, Citing Millions Lost in Royalties. New York Times. [Online]
Available at:  http://www.nytimes.com/2013/12/22/us/fort-worth-sues-driller-citing-millions-in-lost-royalties.
html?pagewanted=all&_r=0

Thomas, J.M. April 30, 2012. Cheap Natural Gas and US Reindustrialization: Economic Outlook. The Carlyle Group,
USA.

Imadani, H.A.S. August 2010. A Methodology to Determine Both the Technically Recoverable Resource and the
Economically Recoverable Resource in an Unconventional Gas Play. Master of Science, Texas A&M University.

Another report suggests that it is up to 60%. Lake, L.W., Martin, J., Ramsey, J.D. and S. Titman. July 17, 2012. A
Primer on the Economics of Shale gas Production: Just How Cheap is Shale gas. Texas A & M University, Texas.

Duman, R.J. 2012. Economic Viability of Shale gas Production in the Marcellus Shale, Indicated by Production Rates,
Costs and Current Natural Gas Prices. Thesis submitted for Master of Science, Michigan Technological University.
This thesis also covers useful ground regarding other costs and incentives as part of the economic base model used to
determine the viability of shale gas plays under various variable assumptions.

McGlade et al, op. cit. note 98. This paper is useful for understanding factors that influence well performance and
variation in productivity and recovery rates.

If, for instance, one assumed that the Marcellus field had an average decline rate of 70-75% and an IP rate of 3.5MMcf/
day and if we assume that in 2012 100 wells were drilled, the number of wells that need to be drilled to produce 50
BCM/year in 8 years is around 7000 wells. To sustain this production rate after 2020 about 1000 wells/year would
have to be drilled. See Gao, F. April 2012. Will There Be a Shale gas Revolution in China By 2020? OIES Paper NG 61.
The Oxford Institute for Energy Studies (OIES), Oxford, UK.

Gulen, G., Browning, J., Ikonniva, S. and S.W. Tinker. 2013. Well Economics Across Ten Tiers in Low and High Btu
(British Thermal unit) Areas in Barnett Shale, Texas. Energy 60: pp. 302-315. This paper goes into some detail on the
many factors influencing wellhead costs.

Meaning the estimate is revised and adjusted to reflect a truer situation and so the number has to be brought down if
the estimate has proven to have been too high initially.

Ahmed, N. May 22, 2014. Write-Down of Two-Thirds of US Shale Oil Explodes Fracking Myth. The Guardian.
[Online] Available at: http://www.theguardian.com/environment/earth-insight/2014/may/22/two-thirds-write-
down-us-shale-oil-gas-explodes-fracking-myth

Baihly, J., Altman, R., Malpani, R. and F. Luo. May 2011. Study Assesses Shale Decline Rates. The American Oil and
Gas Reporter. [Online] Available at: http://www.slb.com/resources/publications/industry_articles/dcs/201105_

aogr_shale_decline_rates.aspx

Hughs, D.J. October 2014. Drilling Deeper: A Reality Check on U.S. Government Forecasts for a Lasting Tight Oil &
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Shale gas Boom. Post Carbon Institute.
See also Roach, P. November 30, 2010. Estimating the Break-even Costs of Shale gas. [Online] Available at: http://
seekingalpha.com/article/239231.

IRRs are reference to the return that an investor needs to cover his interest and capital cost (usually shareholder return
on their equity plus the cost of debt) to ensure the production of gas is profitable. The IRR in more technical sense is the
rate of return needed to make the NPV equal to zero. A NPV that is higher than the original investment together with
an acceptable IRR makes the project viable as it will cover all the expenses, recover the original investment and enable
the project to pay its debt with a reasonable profit in the end. If the NPV is negative, the project is economically viable.
The discount rate is the interest rate for the project that is derived by what the bank charges the project developer as
interest on a loan.

Some useful detail on NPVs can be found in Kaiser, M.J. 2012. Profitability Assessment of Haynesville Shale gas
Wells. Energy 38: pp. 315-330. Kaiser shows that if one considers the full cycle, the majority of Haynesville wells
underperform. Chesapeake reported the average cost for drilling in Haynesville was $9.5 million. Competing firm,
Encana, spend an average $11 million/well. The majority of assumed discount rates are around 10%.

See also Kaiser, M.J. 2012. Haynesville Shale Play Economic Analysis. Journal of Petroleum Science and Engineering
82-83: pp. 75-89.

Kaiser op. cit. note 100. Kaiser also provides a base case model template that was used Khater for his thesis.

As the Bloomberg article notes, industry investor presentations can over-state resource potential and reserves,
which are often very different from what is legally registered with the US Security Exchange Commission. The SEC
requirements state that drillers should have ‘reasonable certainty’ that estimated oil and gas reserves will be extracted
from wells within five years. The industry is lobbying to relax the rules to increase the term for estimates beyond five
years and to include speculative reserves under definitions of ‘probably’ and ‘possible’. The Bloomberg report notes
that the average estimates presented to investors was 6.6 times higher than what was filed with the SEC.

Lake, L.W., Martin, J., Ramsey, J.D. and S. Titman. July 17, 2012. A Primer on the Economics of Shale gas Production:
Just How Cheap is Shale gas? Baylor University, Texas, USA.

Levels of debt leverage in the industry have been high. See Rajszel, P. April 29, 2010. Accounting Alerts! Chesapeake
Leverage: It’s More Than You Think. Veritas Investment Research. The main concern raised in this report is the
manipulation of VPP’s to hide real liabilities using an accounting loophole which Chesapeake uses to its advantage.
The VPPs sold do not have to be registered on its balance sheet despite the fact that the company must still honour VPP
contracts. Other commentators suggest this is an unusual practice. In any case, this would not have relevance for South
Africa and the author has not gone into great detail on how VPPS work on a daily basis in the US.

Urbina, I. June 25, 2011. Insiders Sound an Alarm Amid Natural Gas Rush. New York Times. [Online] Available at:
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We would add here externality costs and long term provisions as part of the full-cycle economic estimations.
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Some experts attribute these high costs to the fact that the geology is challenging. This is mainly due to complex internal
structure of volcanics that make mapping difficult as well as drilling through resistant rock.
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house gas effects of methane can be 84-86 times more impactful than carbon dioxide. See Nocera, J. October 8, 2014.
‘Moment of Truth’ on Emissions. International New York Times.Available at http://www.nytimes.com/2014/10/07/
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