


Shale Gas Development in the Central Karoo:
A Scientific Assessment of the Opportunities and Risks

The Central Karoo is an arid, extensive landscape, experienced by many people as a sanctuary of austere but
captivating beauty. At the same time, the people who live in the region are mostly poor - high levels of
unemployment and inequality characterise the local economies and social fabric. South Africa is investigating the
opportunities for introducing more natural gas into the predominantly coal-dominated energy mix. One option is
to exploit naturally occurring methane, liberated from deep shale layers in the Central Karoo through horizontal
drilling and hydraulic fracturing technologies (‘fracking’). Very little is known about the distribution and
magnitude of the gas resource, or whether it can be extracted at economically viable rates. If shale gas
development were found to be economically viable, the economic and energy security opportunities of a medium
to large shale gas resource would be substantial; as would be the social and environmental risks associated with a
gas industry in the Central Karoo. This has been presented to the public and decision-makers as a stark choice
between economic opportunity on the one hand and environmental protection on the other. It has become a
highly divisive topic, but one which has been, up to now, poorly informed by publically-available and trusted
evidence. To address this lack of critically-evaluated information, a Strategic Environmental Assessment (SEA) for
shale gas development was commissioned in 2015 by five national government departments of the Republic of
South Africa. Phase 2 of the SEA process was undertaken as an independent ‘scientific assessment’ and is
reported in this book. The 18 chapters were drafted by 146 authors and peer reviewed by a further 75
independent experts and also by stakeholders involved in the process. It is the largest scientific assessment ever
undertaken in South Africa and has set a national precedent on how strategic issues of great importance and
consequence should be dealt with if critical development choices are to be guided by evidence-based policies.

Prof Robert (Bob) Scholes is a systems ecologist at the University of the Witwatersrand. He has led many
assessments over the past 25 years, including parts of the Intergovernmental Panel on Climate Change, the
Millennium Ecosystem Assessment, the South African Assessment on Elephant Management, and the global Land
Degradation and Restoration Assessments.

Paul Lochner is an environmental assessment practitioner at the CSIR in Stellenbosch, with over 25 years of
experience in a wide range of environmental assessment and management studies. His particular experience is in
the renewable energy, oil and gas, and industrial and port development sectors. He has been closely involved in
the application of Strategic Environmental Assessment in South Africa.

Greg Schreiner started work at CSIR in 2011. He is interested in innovative and novel approaches to
environmental assessment and management; and the social processes which underpin good decision-making. He
has a Masters Degree in Environment and Development from the University of Cambridge. He has for the past 2
years managed the day to day processes of the shale gas SEA.

Luanita Snyman-Van der Walt has worked at the CSIR for the past 3 years as an environmental assessment
practitioner focussing on environmental assessment and Geographic Information System analyses. She has a
Masters Degree in Environmental Science from North West University and assisted in managing the shale gas
SEA.

Megan de Jager holds a Masters Degree in Environmental Geography from the Nelson Mandela Metropolitan
University. She is employed at CSIR as an intern on the shale gas SEA and is currently undertaking a PhD on
baseline monitoring in the Central Karoo.
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FOREWORD AND CONTENTS

Foreword

Much has been said and written about the importance of evidence-
based policy-making, about the benefits that will accrue from decisions
that are based on sound evidence, and from the ability to accurately
compare the real to the expected results of our actions. As scientists we
have welcomed these developments - this is of course the world with
which many of us are intimately familiar, a world where the facts matter
and our theories and inventions have to prove that they are able to deal
with reality. However, this welcome development brings with it a great
responsibility. The consequences of getting it wrong, of making
mistakes, are no longer limited to our academic standing amongst our
peers, or to the opportunities we spurn by following dead ends. Now,
the consequences are potentially much more serious, and may involve
the lives and livelihoods of entire communities, the shape and size of our
economy and the very ability of our environment to sustain human life.

The question of whether or not South Africa should exploit, through hydraulic fracturing, its natural gas reserves
trapped within the deep shale layers in the Karoo Basin emerged in 2010. This question is a clear example of both
the importance and complexity of working in the policy environment - the stakes could not possibly be higher,
with important long-term consequences, either environmentally or economically, for South Africa's future. It is to
the great credit of both parties - the policy-makers who will take responsibility for our course of action and the
scientists who have been asked to advise them - which neither has baulked at the task that has been placed
before them.

The result of this collaboration, reported on in this document, is a meticulous and multi-disciplinary assessment
which presents, in an objective and balanced fashion, the opportunities and risks associated with shale gas
development in South Africa across different scenarios. Over 200 of the best national and international scientists
have, over 18 months, contributed to this study, and through a process of rigorous peer-review ensured that we
have made the best use of the evidence and insights at our disposal.

The process has included close collaboration with government, non-governmental organisations and research
institutions, and consisted of an extensive stakeholder outreach programme using multiple communication
mediums. It is the largest scientific assessment undertaken in South Africa in terms of material scope and
participation, both scientific and stakeholder based.

As CEO of the CSIR, the organisation which led this scientific assessment, | am extremely proud of the manner in
which such an important national issue has been addressed. | also am grateful to my contemporaries at the South
African National Biodiversity Institute (SANBI) and the Council for Geosciences (CGS) for their collaboration
through the project. Recognition must go to Government, for commissioning the CSIR, in collaboration with other
national scientific bodies, to co-ordinate this independent process. | am grateful to the participating scientists
who gave so willingly of their time and expertise.

Most of all, I am grateful to the South African public, for their participation in this landmark process and in
exercising their civil rights and duties by contributing so diligently. The collaborative philosophy in which the
scientific assessment process has been undertaken has been an astonishing success. | hope that, when confronted
with equally important choices, our policy-makers can look back on this exercise as a model for their future
actions.

Dr Sibusiso Sibisi

CEO, CSIR
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authors teams, the peer review experts and stakeholders.

The rate of stakeholder registration over a 12 month period from May 2015 to May 2016. From
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there was a substantial increase in online registration; the management team received 333
registrations.

Registered stakeholders were resident in seven of the provinces, most of them based in the
Western Cape. A number of online registrations did not indicate their province and cities
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Cape was roughly equal between Beaufort West and Cape Town.
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PREFACE

1. BACKGROUND

The potential economic and energy security benefits of a large shale gas resource in the Karoo Basin
could be substantial; as are both the positive and negative social and environmental issues associated
with a domestic gas industry. Shale gas development® (SGD) has already become a highly divisive

topic, but one which is poorly informed by publically-available evidence.

To address this lack of critically-evaluated information, a Strategic Environmental Assessment (SEA)
for SGD was commissioned in February 2015 by the Department of Environmental Affairs of the
Republic of South Africa, with the support of the National Departments of Energy, Mineral
Resources, Water Affairs and Sanitation, Science and Technology, and Agriculture, Forestry and

Fisheries; and the Provincial Departments of the Eastern, Western and Northern Cape Governments.

The Council for Scientific and Industrial Research (CSIR) coordinated the SEA, in partnership with
the South African National Biodiversity Institute (SANBI) and the Council for Geoscience (CGS). In
addition to the national science councils, the SEA includes 146 independent authors contributing to
the 18 Chapters of the assessment. The Chapters have been independently reviewed by a further 25
local and 46 international independent peer review experts, and by a large number of stakeholders.

The point of departure for the SEA is that South African Government, through Cabinet and various

other decision-making institutions, has made high-level public commitments to shale gas exploration.

If the exploration phase reveals economically-viable hydrocarbon deposits and gas-flow regimes, the
Government will seriously consider permitting the development of those resources at significant scale.
South African society, collectively comprising all levels of government, the private sector and civil
society, needs to be in a position to make the decisions relevant to that choice in a timely and

responsible manner.

The mission statement for the SEA is to provide an integrated assessment and decision-making
framework to enable South Africa to establish effective policy, legislation and sustainability
conditions under which SGD could occur. Note that this mission statement, developed in
collaboration with government, is phrased in the conditional - it does not presume that SGD will

occur.

! The terms “shale gas development”(SGD) refers to all exploration and production related activities, as well as
downstream gas utilisation scenarios, encompassing the full life-cycle of impacts typical of a SGD programme.
In Chapter 1 (Burns et al., 2016), clear distinction is made between the phases of SGD to distinguish the nature
and extent of SGD activities which can be logically assumed across the scenarios.
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PREFACE

The key objective of the SEA is to provide
decision makers and stakeholders with an
evidence base which will assist South Africa
in developing a better understanding of the
opportunities and risks associated with SGD.
The SEA is not in itself a mandated decision-
making process. The intention of the SEA is
to provide the evidence base and decision
support frameworks which will guide future
decision-making processes, for example those
with Impact
Assessments (EIA) for specific SGD-related

associated Environmental
activities, once it becomes clear exactly what

those are and where they might be located.

2. PHASED APPROACH

The SEA has three distinct but overlapping
Phases (Figure 1). Phase 1, beginning in
February 2015, and extending to around

October 2015 was the Preparation Phase.

The Preparation Phase included the necessary

arrangements  involving  contracts and

procurement  arrangements,  recruitment,
convening governance structures, collating
literature and data libraries, identifying the
multi-author expert teams, undertaking team
training, arranging logistics and writing the

First Order Draft (FOD) of Chapter 1.

Phase 2 of the SEA

assessment phase, where information was

is the scientific

Preface Box 1: What is a Scientific
Assessment?

Scientific assessments are aimed at the stakeholders (often
specifically decision-makers) in society, who are intelligent
but not necessarily technical specialists. The questions are
posed by the stakeholders, who help to shape the
assessment. Strong attempts to use jargon-free, plain
language, summary tables and explanatory diagrams are
made. Scientific assessments have a strong focus on
balanced and inclusive governance to establish legitimacy
and credibility.

The issues addressed are investigated by large and diverse
teams of experts. During assessments, subjective
judgements are often required, but these are made
explicitly, along with statements of confidence. Balance
and the elimination of bias are achieved through the
establishment of broad multi-author teams representing a
range of interests and/or positions, coupled with extensive
and transparent review.

The assessment is independently reviewed by other experts
and by stakeholders, often amounting to thousands of
documented comments and responses, all of which are
available in the public domain. Scientific assessments are
appropriate to problems which are both technically
complex and socially contested; they are policy relevant,
but not policy prescriptive.

The first of the modern scientific assessments of a
complex, socially-important problem is usually considered
to be the Ozone Assessment of 1986. The success of this
exercise in paving the way for the Montreal Protocol led to
the formation of a permanent assessment body for climate
change, the Intergovernmental Panel on Climate Change, in
1990, before the United Nations Framework Convention on
Climate Change was signed. The successive climate
scientific assessments from 2000, 2007 and 2014 are
credited with making possible the agreement by 195
countries in Paris in December 2015 to take concerted
action on climate change.

organised by the multi-author expert teams, including two review rounds of their Chapters, initially by

independent review experts, and then (following revision to produce the Second Order Draft [SOD])
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by stakeholders plus experts. Phase 2 commenced with the first author meeting on 28 September

2015, and ended with the completed final scientific assessment report — this published volume.

Phase 3 of the SEA will translate the scientific assessment into an operational Decision Making
Framework. It is undertaken by the statutory science councils - CSIR, SANBI and CGS - in close
consultation with the various affected National and Provincial Departments. It commences with initial
drafts after the delivery of the SOD, and continues into the final revision of the scientific assessment
report. Phase 3 of the SEA concludes around March 2017 and will provide the framework for how
site and activity specific assessment processes should be undertaken and provide Government with the
necessary tools to enable responsible decision-making into the future regarding SGD. This includes

guidance on legislation, regulations, EIA processes and monitoring.

The separation between Phase 2 and Phase 3 is to honour the scientific assessment ‘mantra’ of being
“policy relevant, but not policy prescriptive”. The experts involved in Phase 2 have not been asked to
make decisions about the development of shale gas. They have been asked to give an informed,
evidence-based, scientifically-sound and balanced opinion on the consequences of different scenarios
and development options for SGD into the future. The ultimate decisions regarding future
authorisation processes for shale gas, whether at a national, provincial or local level, will be made by
the authorities mandated to do so. In making these decisions they will be guided by the SEA and any
other relevant and trusted sources of information that may have become available between the
completion of the SEA and the time at which they need to implement policy, which may be years or
decades into

the future.

Figure 1:

Shows the 3
overlapping phases
of the SEA process
and how the
scientific
assessment is used
as the evidence
base from which to
develop an
appropriate
Decision Making
Framework.

Page 6



PREFACE

3. STRUCTURE OF THE SCIENTIFIC ASSESSMENT

The Preface provides the background to the study, explaining why it was commissioned, how it is

phased, how it is governed and the manner in which it has been undertaken.

The Summary for Policy Makers

(SPM)  synthesises  the key Preface Box 2: Report Structure
policy-relevant issues arising

Preface
Summary for Policy Makers
Shale Gas Development Scenarios and Activities

from the 18 Chapters which

make up the body of the Chl

scientific assessment, into a form

Ch2 Effects on National Energy Planning and Energy
Security
stakeholders. The SPM Ch3 Air Quality and Greenhouse Gas Emissions

Ch4 Earthquakes

Ch5s Water Resources, both on the Surface and
Underground
each of which is supported by an Ch6 Impacts on Waste Planning and Management

Ch7 Biodiversity and Ecological Impacts: Landscape
) Processes, Ecosystems and Species
Chapters. The location of the Ch8 Impacts on Agriculture

evidentiary base is indicated by Ch9 Impacts on Tourism in the Karoo
Ch 10 Impacts on the Economy

Ch11 Impacts on Social Fabric

Ch 12  Impacts on Human Health

useable for policy makers and

highlights the most salient points

and findings of the assessment,

evidentiary base, located in the

the symbol ‘8’. Each section and

series of statements contained in

the SPM is traceable to a Ch13  Impacts on Sense of Place Values

specific source, where further Ch 14  Impacts on Visual, Aesthetic and Scenic

. . . Resources

mformajuon can be retrieved by Ch15  Impacts on Heritage

anyone interested. Ch16  Noise Generated by Shale Gas-Related
Activities

Ch 17  Electromagnetic Interference
Ch 18 Impacts on Infrastructure and Spatial Planning

The purpose of Chapter 1, is to

describe the nature and scale of

activities assumed for three SGD scenarios of increasing magnitude. The scenarios are described in
the context of a reference scenario where there is no SGD. The scenarios are selected to cover a range
of plausible futures. Chapter 1 serves as a common point of departure for the 17 subsequent Chapters,
which evaluate, for the issues on which they focus, the levels of opportunity and risk associated with

each of the scenarios and their main defining activities.
Chapters 2-18 are topic specific - they constitute the actual assessment. Each Chapter has been

structured in a manner which presents a clear definition of the scope of the topic in question, a review

of the international literature and evidence, the relevant South African rules, institutions, regulations
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and legislation; and a description of the key SGD impacts and mitigation options. Each Chapter goes

through a systematic and structured risk
assessment of the impacts described, assessed both
with and without mitigation, and across the three
development scenarios relative to the reference
case and relative to the ‘levels of acceptable
change’. Levels of acceptable change relate to the
societal judgements based on historical trends
(what have people been happy to accept in the
past, and implicit in the baseline); guiding
legislation, regulations and international norms;

and absolute biophysical or social thresholds.

On the back of the risk assessment, undertaken per
Chapter, the  multi-author teams  make
recommendations regarding impact mitigation best
practice in relation to that topic; and baseline and
ongoing monitoring requirements. The teams also
clearly identify, per Chapter, the areas in which
there was inadequate information to adequately

inform decision-makers and society.

A detailed list of glossary terms and abbreviations
is provided in Appendices 1 and 2 respectively.
Appendix 3 provides summary biosketches of the
Integrating and Contributing Authors who have
drafted the Chapters of the scientific assessment
(Table 3).

Preface Box 3: Principles of a
Scientific Assessment: Legitimacy,
Saliency and Credibility

Legitimacy refers to running an unbiased
process which considers appropriate values, the
concerns and perspectives of different actors,
and corresponds with political and procedural
fairness. Furthermore, the process must include
appropriate people and organisations within
project governance structures to ensure that the
process is considered legitimate in the eyes of
both the public and the decision-makers tasked
with using it.

Saliency is established by ensuring that the
outcomes of the assessment are of relevance to
the public and decision-makers and seeks to
address quite specific questions, in other words,
a scientific assessment is not a research project.
The assessment must consider all the material
issues and legitimate stakeholder concerns
associated with SGD.

Credibility means meeting the standards of
scientific rigor and technical adequacy. The
sources of knowledge in an assessment must be
considered trustworthy along with the facts,
theories, and causal explanations invoked by
these sources. Local and traditional knowledge
should be included in the assessment where
appropriate and possible. Involving eminent
and numerous scientists as authors and ensuring
that all reports undergo expert peer review are
essential.

4. SCIENTIFIC ASSESSMENT PROCESS

The Zero Order Draft (ZOD) of the scientific assessment, which provided a ‘skeletal structure’ of the

full assessment and the range of topics covered, was released for public comment in October 2015;

and discussed and communicated with stakeholders at public briefings in November 2015 and May

2016. The scope of work for the assessment was vetted by the Process Custodians Group (PCG) and

Project Executive Committee (PEC) (see Section 8).
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Based on the ZOD, the multi-author teams drafted the Chapter FODs, which were received by the
management team in February 2016. The Chapter FODs were distributed for independent expert peer
review. All peer review comments on the FODs were captured by the management team and sent back

to the Chapter teams prior to the second author meeting in April 2016.

The SODs, which now included the revisions made following peer review and the responses by the
author teams to the peer review comments, were submitted to the management team end-May 2016.
The SODs constituted the draft scientific assessment, which were released for stakeholder comment
for a 38 day period. All stakeholder comments submitted on the SODs were captured and responded
to in a formal manner by the Chapter teams during the third and final revision of the scientific

assessment and have been released publically on the project website.

Figure 2:  The scientific assessment process initiated with Author Meeting # 1 and the production of the ZOD
in September and October 2015 respectively; and was completed with the publication of the final
scientific assessment report at the end of 2016.
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5. SCOPE OF THE SCIENTIFIC ASSESSMENT

Figure 3: The  Scientific
Assessment considers SGD
origination in the 171 811
km? region of the study area
delimited by the applications
for Exploration Right which
have been lodged by Shell,
Falcon and Bundu), plus a 20
km buffer. The assessment
follows the consequences of
SGD in this region to the
point of material impact, even
if that is outside the study
area.

Page 10



PREFACE

The geographic scope of the assessment was restricted to the potential impacts originating from SGD
within the Central Karoo (Figure 3). This is not only the most promising SGD prospect, but also the
only one at the date of commencement, for which Exploration Right applications (specifically for
shale gas) had been accepted by the Petroleum Agency South Africa (the Exploration Right

applications are currently still under consideration).

Other types of unconventional gas reserves may exist in other areas of the South African onshore and
offshore territory, and would need separate consideration if their development was considered. The
scope of this scientific assessment considers shale gas exploration, production and downstream related
activities, up to and including eventual closure of facilities and restoration of their sites (collectively
called “development”), and includes an assessment of all the material social, economic and
biophysical opportunities and risks associated with the shale gas industry across its entire lifecycle, as
described in Chapter 1 (Burns et al., 2016). This temporal scope extends, in some instances up to 40
years into the future. The scope of issues addressed in the scientific assessment (Figure 4) was
informed by an in-depth review of similar international assessments undertaken around the world and

by engagement with stakeholders and governance groups.

Figure 4: The 17 strategic issue topics identified through the literature review and public / governance
engagement process, which now form the basis of the scientific assessment.
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6. RISK ASSESSMENT METHODOLOGY

Each Chapter undertakes a rigorous and systematic risk assessment of the impacts relating to SGD.
The risk assessment approach takes its point of departure from the fact that there is residual
uncertainty about all aspects of the future, even after that uncertainty has been constrained by

rigorously assessing the evidence.

The risk assessment, which is based on a transparent expert judgement process, is an approach for
considering all impacts of an issue in a common way, and (where possible) within a spatial context.
Risk is determined by estimating the likelihood of events or trends occurring, in relation to their
consequences i.e. likelihood x consequence = risk (Figure 5). A low-likelihood, high consequence
impact could be just as ‘risky’ as a high probability, low consequence impact. The consequence terms
ranging from slight to extreme are calibrated per Chapter topic so that there is consistency in way risk

is measured, allowing for suitable integration across different Chapters and disciplines.

Figure 5: Risk is qualitatively measured by multiplying the likelihood of an impact by the severity of the
consequences to provide risk rating ranging from very low, low, moderate, high and very high.
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The consequence of an impact depends on three things: 1.) Exposure to the impact: The presence of
people, livelihoods, species or ecosystems, environmental functions, services, and resources,
infrastructure, or economic, social, or cultural assets in places and settings that could be adversely
affected. 2.) The nature of the impact: The potential occurrence of a natural or human-induced
physical event or trend that may cause negative impacts such as health impacts, as well as damage and
loss to property, infrastructure, livelihoods, service provision, ecosystems and environmental
resources. 3.) The vulnerability of the receiving environment: The propensity or predisposition to be
adversely affected. Vulnerability encompasses a variety of concepts and elements including

sensitivity or susceptibility to harm and lack of capacity to cope and adapt.

The risk assessment is based on an interpretation of existing spatial and non-spatial data in relation to
the proposed activities described in the scenarios, to generate an integrated picture of the risk related
to a specified activity in a given location, with and without mitigation. Risk is assessed for each
significant stressor (i.e. impact), on each different type of receiving entity (e.g. the rural poor, a
sensitive wetland etc.), qualitatively (undiscernible, very low, low, moderate, high, very high) against
a predefined set of criteria (Table 1).

Table 1:  Predefined set of criteria applied across the Chapters of the scientific assessment

Risk category Definition

No discernible Any changes that may occur as a result of the impact either reduce the risk or do not change it in
risk a way that can be differentiated from the mean risk experienced in the absence of the impact.
Extremely unlikely (<1 chance in 10 000 of having a consequence of any discernible
magnitude); or if more likely than this, then the negative impact is noticeable but slight, i.e.
Very low risk although discernibly beyond the mean experienced in the absence of the impact, it is well within
the tolerance or adaptive capacity of the receiving environment (for instance, within the range
experienced naturally, or less than 10%); or is transient (< 1 year for near-full recovery).

Very unlikely (<1 chance in 100 of having a more than moderate consequence); or if more likely
than this, then the impact is of moderate consequence because of one or more of the following
Low risk considerations: it is highly limited in extent (<1% of the area exposed to the hazard is affected);
or short in duration (<3 years), or with low effect on resources or attributes (<25% reduction in
species population, resource or attribute utility).

Not unlikely (1:100 to 1:20 of having a moderate or greater consequence); or if more likely than
this, then the consequences are substantial but less than severe, because although an important
Moderate risk resource or attribute is impacted, the effect is well below the limit of acceptable change, or lasts
for a duration of less than 3 years, or the affected resource or attribute has an equally acceptable
and un-impacted substitute.

Greater than even (1:1) chance of having an extremely negative and very persistent consequence
Very high risk (lasting more than 30 years); greater than the limit of acceptable change, for an important
resource or attribute for which there is no acceptable alternative.
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In Chapters 2-18, every author team has conducted a risk assessment in relation to its issue, starting in
the FOD, and then refining the assessment in subsequent drafts as a result of independent peer and
stakeholder review processes. The risk assessments are conducted using the standardised approach

described and terminology has been standardised to improve consistency across the Chapters.

The risk assessment is spatially explicit — each Chapter (where spatial data was available), defines
different receiving environments in the form of a spatial Geographic Information System (GIS),
generally based on sensitivity, then assesses each impact under the three scenarios in relation to the
Reference Case, without mitigation first, and then with mitigation (assuming the application of the
best practice management principles applied). The without and with migration assessment provides a
plausible range of future outcomes across the scenarios, assuming no mitigation, where there is poor
governance capacity and decision-making; to with mitigation, which assumes adequate governance

capacity and decision-making.

7. SCENARIOS AND ACTIVITIES

The purpose Chapter 1 (Burns et al., 2016) is to describe, in as much detail as feasible, the scale and
type of activities which would logically be associated with three SGD scenarios of increasing
magnitude, in relation to the Reference Case which assumes other changes, but no SGD (Table 2,

Figure 6).

The Chapter serves as a common point of departure for the subsequent 17 Chapters, to estimate, for
the Chapters, the levels of risk associated with each of the scenarios, considering the activity
descriptions. As such, Chapter 1 is not itself an assessment, and nor does it make any suggestion
about how likely or desirable any of the scenarios are. It simply provides a shared basis from which
risk is estimated across the scenarios, across the activities and across the Chapter topics which will

follow in due course.

The scenarios depicted in the Chapter do not presuppose that SGD will occur. They are presented in a
plausible but hypothetical manner so that the ‘strategic-level’ opportunities and risks associated with
the likely range of scenarios can be estimated. The outcome of that assessment will inform
responsible decision-making with respect to SGD at a site specific level, when or if applications are
made by the oil and gas industry to pursue further pursue exploration in the Central Karoo.
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Table 2:  Scenarios considered in the assessment and a brief explanation of the associated activities. Tcf is
trillion cubic feet of gas. For comparison, the Mossgas resource at Mossel Bay was about 1 Tcf.

Scenario Brief explanation

Scenario 0: No SGD. Regional trends such as human migration, shifting economic activities and new
Reference Case | development alternatives in the Central Karoo are realised. Climate change reduces the
availability of water in the region.

Scenario 1: Exploration proceeds, with results indicating that production would not be economically

Exploration viable. All sites are rehabilitated, drilled wells are permanently plugged and monitoring

Only of the abandoned wells is implemented. The national energy supply is supported by
imported natural gas either via pipeline or from Liquefied Natural Gas (LNG)
importation.

Scenario 2: A relatively small but economically viable shale gas discovery is made, in the region of 5

Small Gas trillion cubic feet (Tcf) produced from 550 wells on about 55 wellpads in one 30 x 30 km

production block. Downstream development results in a 1 000 megawatt (MW)
combined cycle gas turbine (CCGT) power station located less than 100 km from the
production block.

Scenario 3: A relatively large shale gas discovery of 20 Tcf is made, produced from 4100 wells on
Big Gas about 410 wellpads distributed across four production blocks. Downstream development
results in construction of two CCGT power stations (each of 2 000 MW generating
capacity) and a gas-to-liquid (GTL) plant located at the coast with a refining capacity of
65 000 barrels (bbl) per day.

Figure 6: A ‘cartoon’ of the four conceptual scenarios to be considered in this assessment. Note that the
scenarios are cumulative: Scenario 1 (Exploration Only) includes Scenario 0 (Reference Case);
Scenario 2 (Small Gas) includes 1 and 0; and Scenario 3 (Big Gas) includes 0, 1 and 2. Thus they
extend from 2018 to beyond 2055.
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8. PROJECT GOVERNANCE

The Project Executive Committee (PEC) comprises representatives of Government who
commissioned the SEA. The key responsibilities for the PEC include are as a project oversight body —
coordinating and communicating information about the process, ensuring the project remains on

scope, within timelines and budget and that strategic and policy issues are adequately addressed.

A key innovation, used specifically for the scientific assessment (Phase 2), is the Process Custodians
Group (PCG). The PCG is designed to ensure that the scientific assessment is independent, thorough
and balanced. The PCG comprised approximately 16 eminent people, drawn approximately equally
from government, NGOs, the private sector and the research community. The PCG met at key
junctures during the scientific assessment to ensure that the process has been fair and rigorous. The
PCG acted as a ‘process referee’ to ensure that the assessment had been undertaken in a legitimate,

transparent and credible manner.

The organisations from which the PCG members were sourced were selected by the PEC as having
credibility in their ‘sectors’ through having a mandate of some distinction, broad representation and a
demonstrated interest in the topic of SGD. Members of the PCG are not appointed as ‘representatives’
of their organisation in a narrow sense; but were expected to reflect the breadth of opinion in their
sectors. The PCG was neither “‘approving’ nor ‘disapproving’ of SGD, nor did it have a say on the
detail of the content of the scientific assessment. It was a trustworthy collective, tasked with ensuring
that the process of evidence collection, evaluation and presentation was comprehensive and unbiased.
This distinction remained critical especially for the non-governmental members of the PCG, as they

and their respective organisations did not necessarily agree with every outcome of the assessment.

The PCG provided feedback to the PEC, ensuring that the scientific assessment was followed within
the prescribed process as approved in the SEA Process Document?. Their specific mandate was to
evaluate the following five topics of the assessment process:

1.) Has the assessment process followed within the guidelines of the SEA Process Document?

2.) Do the Chapter teams have the necessary expertise and show balance?

3.) Does the assessment (as indicated by the Zero Order Draft) cover the material issues?

4.) Are the identified expert reviewers independent, qualified and balanced?

5.) Have the review comments received from expert and stakeholders been adequately addressed and

have the responses been adequately documented?

% The SEA Process Document downloadable at http://seasgd.csir.co.za/library/
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The PCG convened during the scientific assessment to discuss the ZOD in October 2015, the
Scenarios and Activities Chapter FOD and SOD in October 2015 and May 2016 respectively, and the
FODs of the 17 strategic issue Chapters comprising the scientific assessment in May 2016. Feedback
to the PCG was also provided on the progress of stakeholder engagement, public outreach processes
and stakeholder commenting mechanisms. The final PCG meeting was undertaken end-September
2016. No objections to the process, as outlined in the mandate of the PCG, we registered before final

publication of the scientific assessment.

Figure 7:  The project governance structure of the entire SEA process showing the interaction between the two
governance groups, the SEA partners, the co-leaders and management team, the multi-authors
teams, the peer review experts and stakeholders.

9. THE MULTI-AUTHOR TEAMS

In order to advance the principles of balance and comprehensiveness, the main topics in the
assessment have been addressed by multi-author teams, rather than the approach often applied in EIAs
of using a single expert or consulting group. Each of the Chapters has a team of three to 20 authors -

all selected on the basis of their acknowledged expertise.

Expertise is usually evidenced by appropriate formal qualifications and experience, but may also be

evidenced by widespread peer-group agreement that the candidate has expertise on the topic and by a
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track record of outputs, widely acknowledged to be of value. Authors have been drawn from a broad
range of sectors, including research institutions, consultancies, government, NGOs and universities,
and across different regions of South Africa, to ensure a balance of interests, disciplinary background,

experience and perspective is represented in the teams.

Each team includes one (in some cases two) Integrating Author/s, several Contributing Authors and
potentially many Corresponding Authors (Table 3). The latter did not attend writing meetings, but
provided small amounts of text on defined, relatively narrow topics, via email. Authors of the 18
Chapters do not represent their home organisations or any particular constituency. They were selected

on a personal basis, reflecting their individual capacity to contribute to the scientific assessment.

Table 3:  The three author roles and associated responsibilities in drafting the assessment chapters

The Integrating Authors were responsible for ensuring that all the components written by
Contributing and Corresponding Authors were delivered on time, and were incorporated in a

Integrating logical fashion in each Chapter; and that the scope of the Chapter, as decided at the first

Authors workshop, was covered. Integrating Authors ensured that the responses to comments from
stakeholders and peer reviewers have been adequately addressed and/or incorporated and
documented.

The Contributing Authors were expected to attend all three writing workshops and actively
Contributing participate in the discussions and decisions there. They delivered text, references, tables and
Authors graphics to their Integrating Author/s by agreed dates, and according to agreed formats and
templates. They assisted in addressing reviewer comments (especially those relating to text
they have contributed).

The Corresponding Authors typically (although not always) wrote less than one published
Corresponding | page - often a box, a table, illustration or a few paragraphs. They delivered text, references,
Authors tables and graphics to their Integrating Author/s by agreed dates, and according to agreed
formats. They may have been requested to assist in addressing reviewer comments relating to
the specific text they provided. Corresponding Authors did not attend writing meetings.

10. PEER AND STAKEHOLDER REVIEW PROCESS

The FODs of each Chapter, written by the multi-author teams, were sent to a minimum of two, and a
maximum of six, peer reviewers. The expert peer reviewers were identified from existing scientific
publications collected throughout the process and through nominations from the management team,
general stakeholders, the PEC and PCG and Chapter Authors. A total of 71 peer reviewers, from
international, national and provincial government departments, NGOs, academia and research
institutions; and the private sector provided peer review comment on the FODs. Of the 71 peer
reviewers, 25 were drawn from South Africa and 46 from other regions of the world, such as the

United States, Canada, Australia, the United Kingdom, the European Union and others.

Page 18




PREFACE

The comments received for each Chapter followed a structured format. The expert peer review
submissions were collated into a database for each Chapter, and sent to the author teams prior to the
second multi-author team meeting in April 2015. Following incorporation of the comments made on
the FOD Chapters, the SOD Chapters were redrafted and sent back to the peer reviewers along with
the itemised responses to their comments on the FOD to check that their comments had been
sufficiently addressed and at the same time they were released for stakeholder comment in July 2016.
All responses to peer review and stakeholder comments have been available and are in the public

domain via the project website: http://seasgd.csir.co.za/

The stakeholders were required to follow the same prescribed structure for commenting on the SOD
Chapters, in which page and line numbers were provided for each comment. As for the expert
reviewers, the stakeholder comments were required to be specific, clear and constructive, and where
possible, backed up with references or evidence. The authors addressed the stakeholder comments

individually and incorporate appropriate comments into the final scientific assessment.

11. PARTICIPATION

There were four ‘pathways’ for participation through the process. These were designed to be
appropriate for various stakeholders. None of the pathways for participation were mutually exclusive
of the others e.g. if an individual were a member of the PCG, there was no restriction on participating
in the process as a stakeholder by attending public meetings or making comments on draft material.
The four pathways were: A.) Through project governance structures (discussed in Section 8); B.)
Through the generation of salient questions to define the scope of the assessment; C.) Through the
actual content generation of the assessment, developed using the highly inclusive the multi-author
team approach (discussed in Section 9); D.) Through stakeholder commentary, public outreach and

the review of draft content materials (discussed in Sections 4 and 10).

The 17 specific topics addressed in the scientific assessment were generated by a combination of ‘top
down’ and ‘bottom up’ dialogs (Figure 4). ‘Candidate’ topics were gleaned from reviews of SGD
literature housed in an extensive electronic library developed specifically for the assessment over 12
months. Topics were then debated and revised, were necessary, by the project governance structures
and with stakeholders in public deliberation. The questions of the broader public were gathered in
early rounds of three local community meetings in the Central Karoo and a consultative workshop
with registered stakeholders in Cape Town in November 2015.
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In July 2016, before finalisation of the scientific assessment report, the draft findings were presented
to the same local and stakeholder communities to check that the key questions which had been raised
in November 2016, had been adequately addressed. Feedback was incorporated via the standard
review process (i.e. page/line numbered comments) and facilitated where necessary by capturing
verbal input at the meetings for stakeholders without access to internet. Throughout the process, the
management team used multiple communication mediums such as face-to-face meetings, the
publication of written documents, explanatory video graphics and materials on the project website,
interviews with the media and press releases and even novel approaches to raising awareness such as

art exhibitions.

The primary, by not exclusive, means of communication was via the project website
(http://seasgd.csir.co.za/), launched on 13 May 2015 following the parliamentary launch of the SEA.
By the time of the scientific assessment publication, there were in excess of 600 registered
stakeholders (Figure 8). This was a deliberate result of public outreach meetings over this period,
where meetings were widely advertised through national and local radio stations, direct liaison with
municipalities, the release of flyers to local communities, bulk sms distribution, newspaper adverts in
provincial and local media houses, social media notices such as Facebook, dissemination of notice
through government channels such as South African Local Government Agency and members of the
PEC and PCG. Figure 9 provides the geographical distribution of stakeholders who participated in the

process.
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Figure 8:  The rate of stakeholder registration over a 12 month period from May 2015 to May 2016. From the
date of the launch until end-June 2015, the management team received 53 online registrations.
During the period between early-July and end-September a further 37 online registrations were
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received. During the period between early-October 2015 and end-Jan 2016 there was a substantial
increase in online registration; the management team received 333 registrations.

M Eastern
Cape
M Free State

Eastern Cape; 114
Gauteng

Western Cape; 235 Free State; 8
Gauteng; 58 B KwaZulu-
Natal

® North-West

Northern
Cape
KwaZulu-Natal; 28 Western
/ North- Cape
Northern Cape; 26 West; 1

Figure 9: Registered stakeholders were resident in seven of the provinces, most of them based in the Western
Cape. A number of online registrations did not indicate their province and cities therefore they have
not been accounted for in the figure. In the Eastern Cape most of the stakeholders were based in
Graaff-Reinet and Port Elizabeth, in the Free State the majority were from Bloemfontein, in
Gauteng there is an equal split between Pretoria and Johannesburg. In KwaZulu-Natal the majority
of stakeholders were based in Durban and a few in Pietermaritzburg. Victoria West had most of the
stakeholders in Northern Cape, and the Western Cape was roughly equal between Beaufort West
and Cape Town.
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THE ORIGIN, PURPOSE AND METHOD OF THIS ASSESSMENT

The potential economic and energy security opportunities of a medium to large shale gas resource
could be substantial for South Africa; as are both the potential social and environmental risks
associated with a domestic gas industry in the Central Karoo. The development of shale gas using
vertical and horizontal drilling and hydraulic fracturing or ‘fracking’ technologies, has been presented
to the South African public and decision makers as a trade-off between economic opportunity and
environmental protection. As such, it has become a highly divisive topic in South Africa, but one

which has been, up to now, poorly informed by publically-available evidence.

To address this lack of critically-evaluated information, a Strategic Environmental Assessment (SEA)
for shale gas development' (SGD) was commissioned in February 2015 by the Republic of South
Africa, represented by the Department of Environmental Affairs with the support of the Departments
of Energy, Mineral Resources, Water Affairs and Sanitation, Science and Technology, and
Agriculture, Forestry and Fisheries; and the Provincial Departments of the Eastern, Western and

Northern Cape Governments.

Phase 2 of the overarching SEA process - the contents of this published volume - was undertaken as a
‘scientific assessment’, guided by the principles of saliency, legitimacy and credibility (see Preface,
Scholes et al. 2016). The 18 Chapters of the scientific assessment were drafted by 146 authors and
peer reviewed by a further 25 local and 46 international independent peer review experts, and by a
large number of stakeholders involved in the process. The key objective of the scientific assessment is
to provide society with an evidence base, at a strategic level, which will assist South Africa in
developing a better understanding of the risks and opportunities associated with SGD, if it occurs in
South Africa. The geographical scope of the scientific assessment study area is provided in Figure
SPM 0.2.

The Summary for Policy-Makers (SPM) is a concise compendium of the key findings of the scientific
assessment?. The methodology for the assessment is based on the concept of ‘risk’, but this does not
mean that the opportunities associated with SGD are not also assessed in a balanced fashion. The

SPM begins with Chapter 1 (Burns et al., 2016) which provides, in as much detail as feasible, the

! The term “shale gas development” (SGD) refers to all exploration and production related activities, as well as
downstream gas utilisation scenarios, encompassing the full life-cycle of impacts typical of a SGD programme.
In Chapter 1 (Burns et al., 2016), clear distinction is made between the phases of SGD to distinguish the nature
and extent of SGD activities which can be logically assumed across the scenarios.

% The symbol ‘§°, which is located at the end of concluding statements or paragraphs in the SPM, denotes the
location of the Chapter and sub-section where the evidentiary base for the summary statement/s can be traced to
the specific reference source.

Page 5



SUMMARY FOR POLICY MAKERS

scale and type of activities which would logically be associated with three SGD scenarios; measured
against a Reference Case scenario, where no SGD takes place. This includes introductory text

explaining the current understanding of the petroleum geology of the Central Karoo.

Based on the information contained in Chapter 1, Chapters 2-18 undertake a rigorous and systematic
risk assessment of the impacts relating to SGD based on a transparent expert judgement process. This
allows for the consideration all impacts of an issue in a common way and where possible, within a
spatial context. Risk is determined by estimating the likelihood of impacts occurring, in relation to
their consequences i.e. likelihood x consequence = risk (Figure SPM 0.1). Risk is assessed for each
significant impact, on different types of receiving entities e.g. the rural poor, a sensitive wetland,
important heritage feature etc. It is qualitatively assessed into the following categories: undiscernible,
very low, low, moderate, high and very high. The risk categories are predefined as a set of criteria
which explain the nature and implications of the risk ascribed (Table SPM 0.1). For each topic,
consequence levels have been determined by the individual chapter teams across the different
disciplinary domains i.e. slight, moderate, substantial, severe and extreme. This means that all risk
categories across the different topics are ‘calibrated’, which makes them comparable, both
conceptually and within a spatial context.

Figure SPM 0.1: Risk assessment diagram showing likelihood x consequence to determine risk.
Risk is qualitatively measured by multiplying the likelihood of an impact by the severity of the consequences to
provide risk rating ranging from very low, low, moderate, high and very high.
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Table SPM 0.1: Predefined set of criteria applied across the Chapters of the scientific assessment.

Risk category

Definition

No discernible
risk

Any changes that may occur as a result of the impact either reduce the risk or do not change it in
a way that can be differentiated from the mean risk experienced in the absence of the impact.

Very low risk

Extremely unlikely (<1 chance in 10000 of having a consequence of any discernible
magnitude); or if more likely than this, then the negative impact is noticeable but slight, i.e.
although discernibly beyond the mean experienced in the absence of the impact, it is well within
the tolerance or adaptive capacity of the receiving environment (for instance, within the range
experienced naturally, or less than 10%); or is transient (< 1 year for near-full recovery).

Low risk

Very unlikely (<1 chance in 100 of having a more than moderate consequence); or if more likely
than this, then the impact is of moderate consequence because of one or more of the following
considerations: it is highly limited in extent (<1% of the area exposed to the hazard is affected);
or short in duration (<3 years), or with low effect on resources or attributes (<25% reduction in
species population, resource or attribute utility).

Moderate risk

Very high risk

Not unlikely (1:100 to 1:20 of having a moderate or greater consequence); or if more likely than
this, then the consequences are substantial but less than severe, because although an important
resource or attribute is impacted, the effect is well below the limit of acceptable change, or lasts
for a duration of less than 3 years, or the affected resource or attribute has an equally acceptable
and un-impacted substitute.

Greater than even (1:1) chance of having an extremely negative and very persistent consequence
(lasting more than 30 years); greater than the limit of acceptable change, for an important
resource or attribute for which there is no acceptable alternative.

What follows in the sections below are the key ‘headline statements’, communicated in a common

language, highlighting the most salient opportunities and risks emanating out of the full 18 Chapter

assessment. Where appropriate the risk of an impact is provided without and with mitigation,

providing the reader with an indication of how the risk profile of an impact changes with adequate

mitigation employed. This is also spatially depicted as a composite risk ‘picture’, assessed across the

scenarios, without and with mitigation in Section 19.
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Figure SPM 0.2: Geographical scope of the scientific assessment study area.
The assessment considers SGD activities originating in a 171 811 km? region of the Central Karoo, delimited by the applications for Exploration Rights (for shale gas) which have
been lodged by Shell, Falcon and Bundu, plus a 20 km buffer. The assessment follows the consequences of SGD in this region to the point of material impact, even if that is outside
the study area — as may be the case of impacts on vectors such as air or water which are not spatially static.
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1. THE PRESENCE OF NATURAL GAS IN THE
CENTRAL KAROO

1.1 The geology of the Karoo Basin

The Karoo Basin is known to contain natural gas. This geological formation underlies 700 000
km? of South Africa (Figure SPM 1.1), including the scientific assessment study area, where ~87% of
the surface area comprises sandstones, mudstones and shales of the Beaufort Group. From flat-lying
structures in its northern part, the basin deepens and the sedimentary layers thicken towards the south-

west, up to its interface with the mountains of the Cape Fold Belt. [81.3.1]

Figure SPM 1.1: Simplified geology of map of South Africa overlayed with the assessment study area.
It shows the substantial extent of the main Karoo Basin (light brown areas) deepening from the north-eastern interior
to the south-central interior where it abuts against the southern limb of the Cape Fold Belt (CFB); section line S-N
through the study area marks the schematic profile in Figure SPM 1.3.
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Natural gas in the Karoo Basin is said to be ‘unconventional’ in that it does not occur in pockets
of porous rock (called “reservoirs’), from which it would flow without stimulation if penetrated
by a well. Unconventional shale gas occurs as methane trapped in shale formations of low
permeability, from which it can only be released by the process of hydraulic fracturing, popularly
known as ‘fracking’ (Figure SPM 1.2). [§1.1]

Figure SPM 1.2: Cartoon demonstrating the difference between ‘conventional’
and ‘unconventional’ gas reserves.

To extract conventional gas, a hole is drilled into the reservoir and the gas flows out by itself. For unconventional
shale gas, such as that which occurs in the Karoo, the source rock lies very deep below the surface. The gas is tightly
held and must be released by fracturing the rock around a wellbore, drilled horizontally for a long distance into the
gas-containing shale layer
(adapted from http://worldinfo.org/2012/01/point-of-view-unconventional-natural-gas-drilling).

The total quantity of shale gas that occurs within the study area is uncertain, as is where exactly
it may be concentrated. There may be no economically extractable gas. Geological upheavals
hundreds of millions of years ago, specifically the intrusion of hot lava (dolerite) and the pushing-up
of the Cape Fold Mountains are believed to have reduced the volume of gas originally in place.
Indications are that remaining gas is most likely concentrated in the area between the Cape Fold
Mountains to the south and the doleritic Nuweveld Mountains to the north, and at depths greater than
2 km below the surface (Figure SPM 1.3). [81.3.1]
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Figure SPM 1.3: Schematic geological profile across the study area.

The profile follows along the S-N section line in Figure SPM 1.1, illustrating the basin-like stratigraphic succession of
Karoo Supergroup sedimentary strata in the main Karoo Basin north of the Swartberg Mountains, the Great
Escarpment formed by the Nuweveld Mountains, and the underlying Cape Supergroup rocks that pinch out

northwards against basement rocks (modified after Rosewarne et al., 2013).

1.2 Stages of shale gas development

SGD entails a broad range of activities which occur in different stages over extended periods of
time, at various intensities and each with particular spatial footprints. This assessment covers all
the main SGD activities, throughout their lifespan and after they have ceased, for the period during
which impacts can be anticipated (Figure SPM 1.4). It addresses associated ‘upstream activities’ such
as seismic surveys, wellpad and other site preparations and drilling deep vertical exploration
boreholes. The assessment assumes that if initial exploration results are promising, these activities
may be followed by deviated drilling to form horizontal wells that penetrate targeted shale layers,
which would be ‘fracked’ to determine gas yields. Gas production activities could follow, involving
the establishment of a wellfield(s), with repeated drilling and fracking exercises. There are a number

of surface activities associated with this, such as waste management and transportation of equipment,
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materials and personnel to and from areas of operations. The assessment also considers ‘downstream

activities’, focusing on how the produced gas could be used economically. [§1.4.2]

Figure SPM 1.4: Typical life-cycle of a shale gas development programme.

The process diagram shows the stage, timeframes and nature of activities, as well as the possible exit points if gas is
not found in sufficient volumes or at flow rates that make production economically unfeasible. Note that this timeline
does not account for permitting and regulatory processes that would need to be undertaken in the South African
context such as site specific environmental assessments (adapted from National Petroleum Council, 2011).

Exploration is the first stage of the SGD life cycle, but it continues throughout. It is concentrated
in the first few years of exploration and then continues into the production stage of the SGD life cycle
to guide the location of ongoing drilling and fracking. Exploration involves geological studies,
seismic surveys and drilling of vertical stratigraphic wells to obtain geological core samples for
analysis. Exploration wells may also yield information on gas concentrations. The appraisal stage
follows exploration, and for a single targeted area typically lasts about 2-3 years. It involves drilling
appraisal wells, which have vertical and horizontal sections used to penetrate potential gas-yielding
shale within the target formation. Appraisal scale fracking is undertaken. Equipment used for drilling

and fracking, a range of materials and waste receiving facilities are contained within wellpad areas,
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each measuring around 2 ha. An area of similar extent to the wellpads is developed for temporary
accommodation of drilling crews in the general area of activities. If, during the exploration or
appraisal phase, it is revealed that technically recoverable reserves cannot be economically exploited,

the wells and surface infrastructure are decommissioned. [81.4.1]

The production stage of SGD operations might last 10-30 years, probably with the highest level
of activity in the first 3-5 years. It involves the development of production wells (and access roads to
the wellpads), the establishment of a gas pipeline network to convey produced gas to a central
treatment processing, and the export of the treated gas by pipeline for the downstream uses. These
would be located within the study area under the Small Gas scenario, or both within and outside the
study area under the Big Gas scenario (Section 1.3). Once the production phase terminates, final
decommissioning requires a further 5-10 years to be concluded. This involves plugging the wells,
dismantling infrastructure and rehabilitating the sites. Monitoring and remediation interventions

continue indefinitely. [8§1.4.1]

During production, a typical shale gas wellfield occupies an area of about 900 km? which
contains 50-60 wellpads, each supporting around 10 wellbores. Because the horizontal part of the
wellbore extends several kilometres from the vertical part, the wellpads in a production wellfield are
typically separated from one another by 3-5 km. While a production wellbore is yielding gas, new
wellbores are drilled from the same wellpad, angled in different directions into the gas-containing
shale layer. New wells maintain the planned rate of gas production as yields from wells drilled earlier
diminishes. Wellpads are accessed by a network of unpaved roads, with the gathering network of
buried gas pipelines mostly contained within the road reserves. At the conclusion of various
operations, equipment and facilities (the drill rig, temporary structures, storage tanks, pumps, trucks,

generators, etc.) are removed from the wellpads (Figure SPM 1.5Figure SPM 1.6). [8§1.4.1]
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Figure SPM 1.5; Wellpad layout with a drill rig of about 40 m in height within an arid environment in
Argentina.
(Source:REUTERS, http://www.vcpost.com/articles/5923/20120925/sidewinder-drilling-to-buy-union-drilling-for-
139-min.htm).
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During fracking, ‘fracking fluid’ is pumped under high pressure into the gas-containing shale
layers deep underground, via a horizontal well lined with a perforated steel casing. The high-
pressure fluid causes tiny cracks to form in the shale, extending up to a few hundred metres from the
well. When the pressure is released and the fracking fluid is pumped back to the surface, gas is
released from the fractured shale (Figure SPM 1.7). The gas may flow for several years, at a declining

rate.

Figure SPM 1.6: Production wellpad with supporting infrastructure in the United States (see annotations).
In terms of current South African legislation, open water storage (impoundment) such as illustrated in this example
from North America, would not be permitted. Image sourced from Range Resources Corporation.
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Fresh groundwater

zone up to 1000
24" conductor casing (brown) is installed feet deep
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S —
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te isolate and protect near-surface
groundwater. 5
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13 3/g” casing is installed through the 207
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Kick off point for the
bend from vertical to
horizontal drilling.
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extends from 3,000 to over 10,000
feet within Marcellus formation.

Figure SPM 1.7: Schematic demonstrating the vertical and horizontal drilling processes, typical of those in the Marcellus shale formation of Pennsylvania.
The vertical section of the wellbore between the target shale formation and the surface is sealed with a steel casing and cement layers. In the upper sections of the wellbore, where it
might pass through freshwater aquifers, multiple casing and cement layers are used. The near-horizontal section of the wellbore, which is “fracked’, runs along the shale gas-containing
layer for up to several kilometres. It is lined with steel casing perforated with holes created by explosive charges. Source: Tom Murphy (n.d.), Pennsylvania State University, USA.
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The fracking fluid consists of water and several additives, some of which are toxic or hazardous.
The several tens of millions of litres of fluid are stored temporarily in tanks on the surface at each
wellpad. Once used, the “flowback’ fluid that returns to surface consists of a mixture of the some of
the original fracking fluid compounds, with a higher percentage of water and fine solids originating
from the targeted shales. As much as possible of the flowback is re-used in later operations. The
remnant water after fracking has ceased, is cleaned to a quality specified in legislation, with residual
contaminants disposed of in a licensed site in an appropriate manner (SPM Box 1, Figure SPM 1.7).
[81.4.3.2.2.1]

SPM Box 1: The composition of fracking fluid

from use in South Africa in any fracking activities.

Over a thousand specific compounds are known to have been added to fracking fluids worldwide. The broad
types and their relative quantities and properties are given below. A number of chemicals are currently prohibited

Component % Comments

Water 95 Does not have to be freshwater, saline water can be used

Sand or ceramic proppant | 4 Props open the cracks. Very fine, so silica in it can be a health hazard to wellpad

beads workers if inhaled

Hydrochloric acid 1 Dangerous in concentrated form, for example, while being transported

Polyacrylamide Non-hazardous, however breakdown products may be toxic & carcinogenic

Glutaraldehyde Biocide (poison) used to eliminate corrosion-causing bacteria in water. Toxic and a
strong irritant to humans

Polyethylene glycol Toxic at high concentrations

Some of the fracking fluid injected into the well returns to the surface via the wellbore when the pressure is
released. This is called “flowback” may contain compounds present naturally in the geological formation which is
fracked. Some of the additional constituents in flowback, such as brine, heavy metals or radioactivity, may also
be potentially hazardous. The most hazardous constituents of the flowback are separated and treated in the
wellfield, concentrated and dispatched to an off-site disposal site. The remaining fluid can be re-used for further

fracking operations. [8§1.4.3.2.2.1]

Figure SPM 1.8: Summary of information regarding chemicals used in fracking, highlighting gaps in
knowledge.
RfV refers to Reference Value, an estimate of the exposure that is likely to be without an appreciable risk of adverse
effects to humans over their lifetime. OSF is the oral cancer slope factor, a measure of carcinogenicity (Environmental
Protection Agency, 2015). [81.4.3.2.2.1]
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1.3 Shale gas development scenarios and activities

There is no history of production of shale gas in
South Africa, so this description of potential
related activities

scenarios and is necessarily

hypothetical. A summary of the main activities of
SGD, for three scenarios, is provided in Table SPM
1.1. For detailed information, see Chapter 1 (Burns et

al. 2016).

For the assessment, the Reference Case assumes
shale gas exploration does not proceed. For this
scenario (and the other scenarios included in the
assessment), regional trends such as human migration,
shifting economic activities and new development
alternatives in the Central Karoo are assumed to
continue. Climate change is assumed to have marked
effects on ecosystems and the services they provide to

communities. [81.2.3]

In the Exploration Only scenario, exploration is
assumed to take place, but not production.
Exploration results reveal that production would not be
economically viable. All sites are rehabilitated, drilled
wells are plugged and monitoring of the abandoned
wells is implemented. National energy needs, based on

gas, are supported by imported gas product. [81.4.3]

SPM Box 2: Economically recoverable gas volumes
at the basin scale

Technically recoverable resources represent the
volumes of natural gas that could be produced with
current technology, regardless of petroleum prices
and production costs. A large number of direct
sub-surface measurements (depth, mineralogy,
total organic content, thermal maturity, etc.)
gathered by current drilling technology need to be
undertaken to quantitatively calculate a technically
recoverable gas reserve. Economically recoverable
resources are those that can be profitably produced
under current market conditions. The economic
recoverability of gas resources depends on three
factors: the costs of drilling and completing wells,
the amount of gas produced from an average well
over its lifetime, and the prices received for the
produced gas. [81.3.2]

Under the Small Gas scenario about 5 trillion cubic feet (Tcf) of gas are extracted. For

comparison, the Mossel Bay offshore gas field will yield a total of about 1 Tcf. Downstream

development in the Small Gas scenario results in a 1 000 MW combined cycle gas turbine (CCGT)

power station located within 100 km of the production block. [81.4.4]

The Big Gas scenario assumes a relatively large shale gas resource of 20 Tcf is developed. For

comparison the offshore conventional gas fields in Mozambique contain about 100 Tcf. Downstream

development results in construction of two CCGT power stations, each of 2 000 MW generating
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capacity, and a gas-to-liquid (GTL) plant, located at the coast, with a refining capacity of 65 000
barrels (bbl) of liquid fuel per day. [81.4.5]

Certainty about what technically and economically extractable gas reserves may occur within
the study area requires detailed exploration, including test fracking of the Karoo Basin shales. It
is possible that no economically recoverable gas reserves exist at all in the study area. At the other
extreme, the economically recoverable reserves may be greater than the Big Gas scenario considered
here — in which case, associated impacts of SGD will be quantitatively larger, but not qualitatively
different. Typically, only a small fraction of the total amount of gas present in a shale formation can
actually be extracted at an affordable cost (SPM Box 2). The economic viability of SGD in the
Central Karoo will depend on the gas price and production costs at the time when the gas is produced,
which will be many years from now, if at all. In the interim, the extraction technology may advance,

lowering the costs associated with production in the future. [§1.3.2]

Table SPM 1.1: Summary of the activities described in the three shale gas development scenarios.

Unit Exploration Only Small Gas Big Gas
Trillion cubic feet (Tcf) - 5 20
Production block/s [30 x 30 km well field] - 1 4
Combined cycle gas turbine [1 000 MW] - 1 -
Combined cycle gas turbine [2 000 MW] - -

Gas-to-liquid plant [65 000 bbl] - - 1
Number of wellpads [2 ha each] 30 55 410

New roads (km)

[unpaved, 5 m wide] 30 58 235
Total area of wellpads and new roads (ha) 75 199 998
Percentage spatial coverage of study area <0.0001 0.0002 0.0009
Total number of truck visits 45 000 365 000 2 177000
3

Industr}/ water needs (m )_ *488 250 9912 625 s 594 500
[assuming no re-use of fluids]
Industry water needs (m®) [assuming re-use * - -
of 50% drill fluid + 30% frack fluid] 319 110 6056 160 43 087 235

3
Flowback waste (") "101 400 "5 573 900 40 356 400

[sludge + brine + water]
Other hazardous waste (t) e.g. oil, grease "85 635 "4 185

For five exploration drilling campaigns, each with six exploration wells = total 30 wells over lifetime of Exploration Only
For 55 wellpads, each with 10 wells, total 550 wells over lifetime of a Small Gas

For 410 wellpads, each with 10 wells, total 4 100 wells over lifetime of a Big Gas

Note: gas production pipelines assumed to be located within the road reserves

Note: data extracted from Burns et al. 2016 [81.4, §1.5 and §1.6]

*k

Kk
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2. EFFECTS ON ENERGY PLANNING AND
ENERGY SECURITY

The South African energy system is currently based mainly on coal mined in South Africa,
complemented by imported oil and petroleum fuels with small quantities of natural gas. Smaller
contributions from biomass, natural gas, nuclear and imported hydro-power make up the remainder of
South Africa’s primary energy supply. In recent years the contribution by ‘renewables’ (energy
sourced from the sun and wind) has increased. Currently, natural gas is used only in small quantities.
Most energy in South Africa is supplied as electrical power, about 90% of which is generated by
burning coal. The portion supplied as heat is small. The transport sector uses liquid fuels, which are
either imported (in both crude and refined form) or domestically produced using coal-to-liquid (CTL)

and to a lesser extent GTL processes. [§2.1.2]

Energy planning in South Africa is performed at the national level, through several interrelated
processes. The National Development Plan (NDP 2030) is the overarching planning document for the
development of South Africa, and aims to reduce unemployment, eliminate poverty and reduce
inequality by 2030. It has clear objectives and actions aimed at increasing natural gas use in the
energy mix, irrespective of whether that gas is imported or sourced domestically. Actions proposed in
the NDP 2030 include investigating shale gas opportunities and exploiting them in a sustainable
manner should they be economically viable. The Integrated Energy Plan (IEP) takes its lead from the
NDP 2030 and links the plans for the various energy sectors via a strategic energy planning
framework into a plan for the entire South African energy system. The Integrated Resource Plan (IRP)
is the electricity plan for the country. The draft Gas Utilisation Master Plan (GUMP) provides a long
term roadmap for the strategic development of natural gas supply and demand. All these plans are led
by the Department of Energy (DoE), in consultation with other government entities and non-

governmental stakeholders. [82.1.3]

Including more natural gas in South Africa’s energy mix would make the energy system more
resilient, efficient, cheaper and reliable. Natural gas, regardless of its source, has a desirable set of
qualities that coal and oil do not possess. Natural gas can be used in almost all subsectors (power
generation, heat, transport, chemicals manufacturing); is easily transported once a gas infrastructure is
in place; is supported by a growing international market; is a more homogenous fuel than coal (thus
more flexible and easier to handle); produces less carbon dioxide (CO,) per unit of useful energy
when burnt than coal (and is thus less climate damaging, provided leakage during production and

transport is minimised); can be more efficiently used for power generation (more kWh per GJ); has
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high operational flexibility; and has an end-use cost structure that is relatively capital- light and fuel-

intensive, making it more economically flexible than many alternative energy sources. [§2.1.2]

Table SPM 2.1:  Summary of annual shale gas production over a 40 year period per scenario
with associated estimated costs.

Based on accepted industry practice and notational energy planning resources. [§2.2.2]

. . Annual shale gas Estimated cost of shale
Scenario Available shale gas . 1 1
production (40 years) gas
Exploration Only | O tcf 0PJ/a n/a
Small Gas 5 tcf 130 PJ/a 6-10 US$/MMBtu
~ 5300 PJ ~40 TWh/a =20-35 US$/MWh
~ 1500 TWh (=50% of current natural gas
supply in South Africa)
Big Gas® 20 tcf 530 PJ/a 4 US$/MMBtu
~21000PJ =150 TWh/a =15 US$/MWh
~ 5900 TWh (2.5-3.0 times current natural
gas supply in South Africa)

T Estimated based on generally accepted industry practice and national energy planning resources.

% The “Big Gas™ scenario of this book and the “Big Gas” scenarios of the IRP and GUMP are not the same
scenarios and should be treated accordingly.

Tcf = Trillion cubic feet; PJ = Peta-Joule; TWh =terawatt hours; MMBtu = equal to 1 million BTU (British
Thermal Unit) ; MWh = megawatt hour

Gas is versatile in the national energy mix as it has a range of direct and indirect end-uses. In
addition to generating electrical power, natural gas could be used for transportation, as feedstock to
produce liquid transportation fuels, for fertiliser production, for industrial heat processes, for space
heating and for residential cooking and water heating, if appropriately priced and secure in supply.
[82.2.2]

South Africa’s three gas supply options are (1) pipeline gas imported from neighbouring
countries, (2) Liquefied Natural Gas (LNG) imported by sea-going tankers and (3) produced in
South Africa. South African sources include the possibility of offshore conventional gas fields within
Exclusive Economic Zone on the West, South or East Coasts, or unconventional onshore sources such
as shale gas or coal bed methane (CBM). South Africa will likely initially promote LNG imports to
stimulate an anchor demand, supply initial power generation requirements, and establish a gas market.
This would trigger investments into gas infrastructure and related investments into domestic
conventional and/or unconventional gas exploration (including shale gas and CBM). These sources

could be supplemented with increasing volumes of gas imported by pipelines. [§2.1]
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Figure SPM 2.1: Power plant with three combined cycle gas turbines (CCGT) located in Algeria.
Similar plants are planned as part of new CCGT capacity under the IRP 2010, regardless of whether exploitable shale
gas is found in South Africa or not (Mubadala Development Company PJSC, 2016).

The availability of high volumes of shale gas at a competitive price could alter South African
energy plans and further improve energy security. A likely outcome would be less use of coal. If
the volumes of shale gas are high it is likely that the price will be relatively low. This will make gas-
based power generation cost-competitive and cleaner than newly-constructed coal-based power
stations, fundamentally altering planning assumptions and thus planning outcomes, especially in the
IRP. [82.2.2]

Use of shale gas enables the integration of more renewables into the mix and reduces the
portfolio costs of power generation. Use of relatively low-cost shale gas would enable the creation
of a network of gas-fired power stations under both the Small and Big Gas scenarios. These power
stations have attributes complementary to solar photovoltaic and wind generation plants, which are
inherently variable. Thus a portfolio containing all three is cheaper to build and operate than any one
alone, for now and into the foreseeable future. Shale gas would not change the selected planning
roadmap for the electricity sector, which already calls for more natural gas and renewables, but would

likely make this path cheaper and cleaner. [82.2.2]

Big Gas volumes extracted from shale in South Africa (or more) would make energy planning
more integrated and resilient. Since the introduction of large quantities of relatively cheap natural
gas creates links between previously de-coupled sectors, it would make energy planning slightly more

complicated but at the same time would make it more integrated and resilient. Natural gas could act as
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the ‘pressure valve’ between sectors, allowing for adjustments between sectors if the planning

assumptions are changed. [82.2.2]

The risk to South African energy planning and security of not finding shale gas is very low.
The IRP considers gas on the basis of its cost, not primarily on the basis of where it originates from.
Gas demand could be supplied from imports if local sources are not viable. The risk relates to
decisions on gas infrastructure investment, taken in anticipation of shale gas finds which subsequently
do not materialise. This could result in energy infrastructure (including network infrastructure) that is
not optimal for the energy future that occurs. This risk is low, as most of the planning decisions
involving gas are ‘no-regret’ options with little risk of ‘lock-in’, and are based on rigorous
infrastructure planning. The capital expenditure needed (for gas-fired power stations, gas-fired
boilers, gas cooking, etc.) are small relative to alternative new-build options and therefore do not have

a major effect on the overall costs of the energy system. [§2.2.2, §2.3.1]

Gas can assist historically disadvantaged populations to access modern energy sources. When
complemented with energy access provided by a gas infrastructure, communities in the immediate
area of SGD could benefit from the availability of natural gas and electricity as energy sources.
Communities in the rest of South Africa would benefit indirectly via the broader macro-economic
benefits anticipated from a local gas industry, reduced energy system costs and an environmentally

cleaner power system. [8§2.3.1]

3. AIR QUALITY AND GREENHOUSE GAS
EMISSIONS

Without mitigation, the risk to shale gas workers of exposure to air pollutants is high, as is the
risk to the climate from unintended methane leaks. With mitigation these risks can both be
reduced to moderate. Many other risks related to air quality and GHGs are assessed as low or
moderate without mitigation. Impacts depend on whether shale gas displaces a more or less
emissions-intensive fuel. If actual methane leakage rates turn out to be at the high end of what has
been seen elsewhere, they would negate the climate benefits of gas relative to coal as a low GHG-

producing energy source. [83.3.4]
There is insufficient information on air quality emissions and concentrations and GHG

emissions in the Karoo to form a reliable baseline against which to measure the future impacts

of SGD. There is no air quality monitoring stations within the study area. [§3.2.2.4]
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Good practice guidelines are needed to minimise impacts on air quality and reduce GHG
emissions in the event of SGD. The guidelines need to cover control technologies, effective legal
regulation, early establishment of baselines, continuous monitoring and good governance enabled by

coordination across several institutions. [§3.4]

3.1 Air Quality

SGD without mitigation would be associated with a high risk of occupational exposure to air
pollutants. SGD activities that result in health risks at the wellpad are the emissions of diesel exhaust,
nitrogen dioxide (NO,), particulate matter (PM), volatile organic compounds (VOCs), silica and
hydrogen sulphide (if present in the shale gas). Occupational exposure risk can be mitigated to
moderate by decreasing respirable crystalline silica emissions using best practice. It is more difficult
to mitigate risks from diesel exhaust and VOCs. [§3.2.4.2]

Under scenarios of Small and Big Gas development, in the absence of mitigation, there is a
moderate risk of local community exposure to air pollutants. For communities within the study
area, the risk of exposure to air pollution is driven by the increase in ambient PM concentrations,
which already exceeds the National Ambient Air Quality Standards (NAAQS) at the one monitoring
station closest to the study area, due to mineral dust of non-mining origin. SGD activities would
dominate regional emissions of air pollutants other than dust, due to the currently low level of
industrial activity in the study area. Even with these relatively large emission increases, ambient
concentrations of pollutants other than PM should remain within NAAQS. With mitigation involving
available technologies and best practice, the risk of local community exposure to NO,, PM and VOCs
can be reduced to low. [83.2.4.3]
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Figure SPM 3.1: Estimated air pollutant emissions resulting from shale gas development in the Central
Karoo.

The data are from this assessment, Altieri and Stone (2016) and main shale plays in USA (Marcellus from Roy et al.,
2014, Barnett from Armendariz, 2009 and Haynesville from Grant et al., 2009). The “bottom-up” South African
estimates are much lower than the actual USA observations for three reasons: 1) the number of wells in the USA is
larger than anticipated for South Africa (indicated by the size of the circles); 2) some states in the USA have weak
regulatory regimes; and 3) the newer technology which would be applied in South Africa is anticipated to be less
polluting. Scenario 1 = Exploration Only; Scenario 2 = Small Gas; Scenario 3 = Big Gas.

The extensive use of heavy diesel trucks during SGD exposes the entire study area to increased
levels of air pollution. The risk is assessed as moderate for both Small and Big Gas development due
to truck traffic associated with moving equipment to and from well sites, transport of water to the well
sites, and the transport of waste and water from the well sites to regional waste centres. Routing trucks
away from places where people live and treating road surfaces to minimise dust can reduce the risk to
low. [§3.2.4.4]

It is plausible that SGD could improve indoor air pollution in both the study area and the
country as a whole. This benefit depends on shale gas or electricity derived from it displacing “dirty”
fuels such as wood, coal, and paraffin for domestic use, especially when those fuels are burned

indoors without adequate ventilation. [83.2.4.1]
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3.2 Greenhouse gas emissions

Shale gas presents both a risk of increased national greenhouse gas emissions and an
opportunity to reduce emissions. The opportunity for emission reductions depends crucially on
whether gas displaces coal (the main fuel in South Africa) or low-carbon energy sources, and to the
degree to which gas is used in addition to coal. Shale gas used in place of coal for electricity
generation will reduce CO, emissions, but the scale of reductions is slight in relation to the magnitude
of national GHG emissions now and as projected over the period of SGD. The worst shale gas use

option is comparable in emissions-intensity to the best coal use option (Figure SPM 3.2). [83.3.4.3]

Figure SPM 3.2: Net change in national greenhouse gas emissions which would result from shale gas
development under various assumptions.

The total South African emissions in 2010 were in the region of 400 Mt CO,,. Note that the outcome of SGD
implementation could be either a small increase or a small decrease in national GHG emissions, depending on what is
displaces and what fraction of the methane unintentionally leaks to the atmosphere in un-combusted form (‘fugitive
emissions’). Scenario 2 = Small Gas; Scenario 3 = Big Gas.

For the Big Gas scenario with inadequate control of gas leaks, the risk that fugitive methane
emissions will result in the GHG benefits being greatly reduced or even reversed is assessed as
high. Methane has a greenhouse warming potential twenty to thirty times higher than CO2, so leaks

amounting to a few percent can offset the benefit that accrues from the higher energy yield per unit
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CO, emitted when gas is used in the place of coal. The GHG no-benefit threshold occurs at 1.9%
leakage under the Small Gas scenario, and 3.2% under the Big Gas scenario. The estimates of leakage
worldwide are in the range 1.5 to 2.3%, but recent literature showing that much of the emission comes
from a few “super emitter” locations suggests that the true range may be 2.2 to 4.1%. This risk could
be reduced to moderate with mitigation involving good practice and available control technologies
[83.3.4.1]

4. EARTHQUAKES

The natural occurrence of a damaging earthquake (M>5) anywhere in the study area is
considered to be very unlikely. The level of risk depends on the exposure of persons and vulnerable
structures to the hazard. In the rural parts of the study area the exposure is very low, the consequences
of an earthquake are likely to be slight, and hence the risk posed by earthquakes is considered to be
low. While it is considered to be very unlikely that a damaging earthquake will occur within 20 km of
a town, the consequences of such an event could be moderate or even substantial. Lives could be lost,
and many buildings would need to be repaired. Hence the risk in urban areas is considered to be
moderate. Exploration activities associated with the Exploration Only scenario do not involve the
large scale injection of pressurised fluids, the risk posed by earthquakes in the study area during the

exploration and appraisal phase is considered to be low and not significantly different to the baseline.
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Figure SPM 4.1: Locations of recorded seismic events in South Africa between January 1811 and December
2014.
The black triangles are locations of seismic monitoring stations; the black rectangle is the study area. The study area is
seismically quiet relative to other parts of South Africa and the world.

SGD by fracking increases the likelihood of small earth tremors near the well bores. Only a few
such tremors are likely to be strong enough to be felt by people on the surface. Many studies, in
several parts of the world, demonstrate an increase in small earth tremors during fracking. The
possibility that fracking will lead to damaging earthquakes through triggering movement on pre-
existing faults cannot be excluded, but the risk is assessed as low because the study area very rarely
experiences tremors and quakes (Figure SPM 4.1). Damaging earthquakes associated elsewhere with
SGD are almost exclusively linked to the disposal of large volumes of waste water into geological
formations (a practice forbidden by South African legislation); rather than the development of shale

gas resources using fracking. [84.1.1, §4.1.3]

The risk to persons and assets close to fracking operations in rural areas, such as workers, farm
buildings and renewable energy and Square Kilometre Array (SKA) radio telescope
infrastructure, should be handled on a case-by-case basis. Vulnerable structures, including

features of heritage importance, should be reinforced and arrangements made to insure or compensate
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for damage. Should particularly attractive shale gas resources be found close to towns, it is essential
to inform local authorities and inhabitants of any planned fracking activities and the attendant risks;
enter into agreements to repair or compensate for any damage; monitor the induced seismicity; and

slow or stop fracking if felt earthquakes are triggered. [84.4]

The authors cannot categorically exclude the possibility that an earthquake may be triggered by
fracking. The Earth’s crust is heterogeneous and physical processes are complex. Rock properties and
geodynamic stresses are not perfectly known, and the seismic history is incomplete. It is thus
important that seismicity is monitored for several years prior to any fracking, and that a seismic
hazard assessment is performed to provide a quantitative estimate of the expected ground motion.
Monitoring should continue during SGD to investigate any causal link between SGD and earthquakes.
Should any such link be established, procedures governing fluid injection practice must be re-
evaluated. [84.3.2]

It is recommend that Council for Geoscience’s seismic monitoring network be densified in the
study area, and that vulnerability and damage surveys of buildings and other structures be
carried out before, during and following any SGD activities. At the present time (August 2016) an
additional six seismograph stations were being installed by the Council. Other mitigation measures to
be considered should include: monitoring of seismicity during SGD and the slowing or stopping of
fracking if felt earthquakes are induced, schemes to guarantee compensation in the case of damage,
disaster insurance, reinforcement of vulnerable buildings (especially farm and heritage buildings,
schools and hospitals), enforcement of building regulations, training and equipping of emergency first
responders, and earthquake drills in schools and work places. [84.2.4]

5. SURFACE AND UNDERGROUND WATER
RESOURCES

Each well requires in the region of 10 500 m* of water to be fractured. The exact amount of water
required depends on hole depth, geological conditions and the number of fracturing stages required.
Assuming water re-use at 50% of drill fluid and 30% of fracking fluid, in the region of 6 000 000 —
45 000 000 m® would be required for the Small Gas and Big Gas scenarios respectively. The quality
of the water does not have to be of a potable standard and can be salty or ‘brackish’. [81.4.3.2.2,
§1.4.4.2,81.45.2,85.2.2.2]
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There is not capacity to supply water for SGD from existing local sources. Water availability in
the study area is severely constrained. Surface water availability is generally low, and in many areas
over-allocated. Landowners rely mainly on groundwater resources for domestic and stock water.
Groundwater recharge is typically low and sporadic. The use of groundwater is increasing,
particularly during drought years. In many areas, groundwater already supplies 100% of the use. The
availability of groundwater to meet the demand of even the Reference Case (where there is no SGD),
is already seriously constrained. The additional demand under the Small and Big Gas scenarios could
not be met from known local potable resources and would be considered a very high risk if local
resources were utilised. [85.2.2, §5.2.3, 85.2.4, §5.3]

There is potential to develop non-potable (brackish) groundwater within or near the study area,
at a limited scale. This would need to take into account the potential risks associated with the
transport and storage of brackish water, as well as potential risks associated with large water wellfield
developments in the Central Karoo. [§ 5.2.2.2]

Surface spills on-site and along transport networks are the most likely source of water resource
contamination. The risks of fracking fluids reaching near-surface waters by percolating upward from
the fracking zone are considered very low. Risks of leakage from faulty wellbore linings in the top
few hundred meters are higher, but manageable (moderate risk) if best practice techniques are utilised.
The likelihood of spillages on the wellpad or during transport is near inevitable under both production
scenarios. Spills, on average, are expected to have localised and short-term consequences (Figure
SPM 5.1). [85.5.1]

The most effective management action is to avoid high sensitivity water resources. These have
been mapped, at a high-level, in as hypothetical ‘set-backs’ (see Figure SPM 5.2). The sensitive areas
are deliberately conservative, considering the low confidence in scale and available data. Additional
investigations will be required at an Environmental Impact Assessment (EIA) level to determine ‘no-
go’ areas. It can be stated with reasonably high confidence that SGD activities located in areas of
medium sensitivity will reduce the risk profile to low and very low for all direct water impacts.
[85.7.3]

Post-SGD legacy impacts will occur. There will be impacts following the completion of SGD from
failed well linings or capping structures on spent production wells. It is highly unlikely that all
decommissioned production wells will maintain their integrity indefinitely. The associated risk is
constrained by the likely number of failures and localised zone of influence, and is therefore assessed
as low in the Small Gas scenario and moderate in the Big Gas scenario with and without mitigation.
Where monitoring data allows the impact to be traced, containment is feasible following site-specific
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assessments to identify appropriate mitigation. Contamination may only arise long after SGD has
ceased. Systems for contamination detection and funding for remediation must be in place. [8§5.5.1.4]

Water resources monitoring before, during and after SGD is an imperative. A comprehensive set
of baseline water resource data for the study area must precede SGD. This must include establishment
of water availability and verification of existing use, including the water resources needed to meet
environmental requirements, the “Reserve”. The baseline must also include quantification of the
guality of surface water and groundwater. The authority responsible for issuing water use licences
(Department of Water and Sanitation) will not do so before comprehensive reserve determinations for
groundwater, surface water and wetlands are completed. Ongoing water resource quality monitoring
including general and SGD-specific determinants is essential during and after SGD. [85.4.3.1, §5.8]

The capacity to undertake the analyses necessary for water chemistry monitoring in relation to
SGD is currently inadequate in South Africa. Most accredited South African water quality
laboratories are equipped to carry out routine water analyses; however, none are presently capable of
analysing for SGD-specific determinants such as 8B, **CI/Cl, “H, *H/*H, and CH,. Sufficient lead-in
time must be allowed for such facilities to be set up prior to SGD. Near-term baseline establishment
may require the use of accredited laboratories elsewhere in the world. [85.8.2]

Lack of infrastructure and institutional capacity for water management is currently a
constraint in the Central Karoo and are considered a high risk which can be reduced to
moderate with mitigation. The present institutional and human resource capacity is insufficient to
implement a robust and effective water resource monitoring and management programme for SGD.
This constraint applies especially to regulatory authorities, who often lack the necessary skills and the
will to enforce regulations, and less so to the SGD industry, which it is expected will mobilise the
necessary resources to meet regulatory requirements in this regard. The likelihood of environmental
non-compliance is increased by poorly capacitated regulators, largely reliant on information supplied
by the industry. [85.5.3.2]

SGD provides a learning opportunity that can improve understanding of local water resources.
The activities associated with exploration for shale gas would generate new geoscientific data and
information which will advance the understanding of the geology, hydrogeology, geophysics and
geochemistry of the study area. The discovery of, as yet, unknown groundwater resources is a
possibility. This opportunity would however be realised whether SGD advances to production
capacity or not, as the potential will be revealed mainly during the exploration phase. [§ 5.7.1]
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Figure SPM 5.1: Features associated with the surface water and groundwater environments in the Central Karoo as these relate to shale gas development activities.
The possible contaminant pathways (red arrows) and plumes (feature 23) are conceptual and exaggerated for purposes of illustration. The thickness and types of rock layers is
similarly illustrative only; in reality the various formations comprise a mixture of sedimentary rock types, and are not uniformly thick or necessarily horizontal. Features 3 and 19
might be artesian. The possible contaminant pathways are identified as (a) surface spills at the wellpad, (b) flowback and produced water via a production well, (c) leakage via faulty
annular seals in production wells, (d) migration via hydraulic fractures, (e) preferential migration along fault planes, (f) leakage from old (possibly uncased) oil and gas exploration
wells, and (g) preferential migration along dyke or sill contact zones.
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Figure SPM 5.2: Combined sensitivity map of surface and ground water resources in the Central Karoo.

The highlighted pink areas are of high sensitivity and are “hypothetical set-back’ areas. These comprise the areas in which impacts to water resources are possible, and if so, might
have highly negative consequences (assessed with a medium-level of confidence). The grey areas are considered of medium sensitivity - in these areas, the risk to surface and
groundwater resources can be significantly reduced to low and very low, assessed with a high-level of confidence. Additional investigations will be required at an EIA level to

determine actual ‘set-back’ areas based on ‘ground-truthed’ site specific information.
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6. WASTE PLANNING AND MANAGEMENT

SGD will generate substantial volumes and new types of waste. This includes liquid wastes such as
flowback. Volumes of flowback will range from around 6 000 000 m® for the Small Gas scenario to
around 40 000 000 m*for the Big Gas scenario (see Table SPM 1.1). Solid mining wastes such as bore
fragments and cuttings, industrial wastes such as used

machinery and supplies, as well as more conventional wastes

such as sewage, domestic waste and construction waste will

also be generated. [Table 81.4; §1.5 and §1.6 from Burns et al.,

2016]

Under the Big and Small Gas scenarios the risks of
exposure to waste streams is high. The risks of waste streams
originating from exposure to hazardous and domestic waste
streams; as well as the additional sewage load at already
stressed waste water treatment works can be mitigated to low if
waste from SGD is managed in line with the waste management

hierarchy and the existing regulations and the principles for

integrated waste management in South Africa. The emphasis is

on minimising waste generation, promotion of the use of non-
hazardous chemicals, re-use and recycling and minimisation of
the impact of waste on water, the environment and

communities. [§6.1]

Figure SPM 6.1: Schematic of the Waste
Management Hierarchy.
The hierarchy favours options for reducing
waste wherever possible, re-using all types of
waste related to SGD, recycling of materials
such as flowback fluids and then disposal as a
final step if none of the previous options prove

feasible.

Waste should be treated on site by the SGD industry. Municipal waste disposal sites are at
jeopardy of receiving waste from SGD if an imminent amendment to the Waste Act, 2008 results in
SGD waste being classified as general waste. Municipal landfills in the study are not designed or
equipped to receive SGD waste and municipal staff do not have the skills or experience to manage it
responsibly. The SGD industry, and not local municipalities, should be responsible for the treatment

of waste streams onsite and safe disposal thereof emanating from exploration and/or operations.
There are five basic management options for contaminated waste water from SGD. These are:

1) Minimisation of produced water generation; 2) Recycling and re-use within operations; 3)

Treatment; 4) Disposal; and 5) Beneficial re-use outside the operations (see Figure SPM 6.2). [86.1.2]
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Figure SPM 6.2: Five management options for contaminated waste water from shale gas development.

The existing legislated waste management provisions in the Regulations for Petroleum
Exploration and Production 2015 are largely adequate to reduce the waste-related risks of SGD
to low, if rigorously enforced. This assessment has assumed that the Regulations for Petroleum
Exploration and Production 2015 are mandatory and will not be relaxed by any future amendments.
Recovery of drilling muds and fracking fluids will require a waste management license in terms of the
Waste Act (2008). It is recommended that SGD wastes be added to the list of pre-classified hazardous
waste streams in Annexure 1(2) of waste Regulation 634 (RSA, 2013). [86.1.1, §6.3.1]

Norms and standards for waste classification and containment barrier system designs are
prescribed, but the law is silent on landfill management, operational and groundwater
monitoring requirements at facilities receiving waste from SGD. Development of norms and
standards in terms of the Waste Act, 2008 specific for discharge of treated shale gas flowback and
produced water may be required to ensure equal and adequate protection of all the water sources and

associated ecosystems and communities in the study area. [§6.3.3, §6.4.5]
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There is a current lack of staff, skills and expertise at all spheres of government to assess the
increased volume of waste licence applications relating to SGD especially in the Big and Small
Gas scenarios. The waste streams from SGD are new to South Africa and therefore capacity needs to

be created to evaluate licence applications efficiently and responsibly. [86.3.3]

There is insufficient laboratory capacity in South Africa able to perform the volume of analyses
necessary for operational waste classification under the Big or Small Gas scenarios. The analyses
must be undertaken at South African National Accreditation System (SANAS) accredited
laboratories, very few of which have accreditation for the prescribed tests. Additional laboratory
capacity will be needed to deal with the volume of analyses that would be required for SGD. [86.3.3,
86.5.3.3]

Currently, no sites are licensed for Type 1, 2 or 3 hazardous waste disposal in the study area.
This means that any Type 1, 2 or 3 hazardous waste would need to be transported and disposed of
outside the study area. Leach management and treatment is a pre-requisite for disposal of shale waste
due to the presence of a range of toxic chemical additives, salinity and potentially radioactivity
(leachable Naturally Occurring Radioactive Materials) in flowback water. These substances require
particular handling for safe disposal. The institutional capacity, skills and knowledge to implement
and enforce waste regulations, norms and standards is limited, especially at local level and will have
to be strengthened before SGD is approved. [86.2, 86.3.3, §6.4.3]

/. BIODIVERSITY AND ECOLOGICAL
IMPACTS

The study area includes high levels of biodiversity by global standards, including sensitive and
unique ecosystems and species. Seven different biomes and 58 vegetation types, 119 endemic or
near-endemic plant species and 20 threatened animal species have been recorded from the study area.
[87.1.3]

The Karoo is characterised by ecological processes that operate over extensive areas. The aridity
of the Karoo makes the ecosystems sensitive to disturbance. Recovery from disturbance is slow and

generally not spontaneous. Active rehabilitation is often met with poor success. [§7.1.3]

A major concern is that the roads, pipelines and powerlines associated with SGD will result in

fragmentation of the landscape. Loss of connectivity, edge effects and disruption of ecological
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processes associated with a network of linear structures are likely to undermine the biodiversity
integrity of the study area. Impacts on species, ecosystems and ecological processes extend well
beyond the physical footprint of the activity. For many species the impacts of noise, pollution, erosion
and other disturbance can extend for hundreds of metres or kilometres from the source. Impacts on
species and ecological processes are likely to have cascading effects on other species and processes.
[87.2.2,87.2.3]

The assessment has identified areas of Ecological and Biodiversity Importance and Sensitivity
(EBIS), from EBIS-1 (highest) to EBIS-4 (lowest). The primary mitigation for SGD with respect to
biodiversity is avoiding and securing EBIS-1 and EBIS-2 areas. This effectively makes the EBIS-3
and EBIS-4 areas available for SGD. [§7.2.1, §7.3.1]

Strategic mitigation at the landscape level is essential, as the impacts of SGD cannot be
effectively mitigated on site or at the operational level. EBIS-1 and EBIS-2 areas make up an
estimated 50 % of the study area. Loss or degradation of habitat in these areas must be avoided and
they should be secured through legal mechanisms. Securing these areas may lend itself to a fast-
tracked, integrated protected area expansion strategy (Figure SPM 7.1,

Table SPM 7.1). [87.3]

EBIS-1 areas contain extremely sensitive features and are irreplaceable. Impacts of SGD in these
areas would undermine the ecological integrity of the study area (and more broadly, the Karoo).
Activities related to SGD in EBIS-1 areas are must be avoided. It is not possible to minimise or offset

impacts of SGD in these areas. [87.3]

EBIS-2 areas contain highly sensitive features that are important for meeting biodiversity
targets and/or maintaining ecological processes in the study areas. Where SGD activities in EBIS-
2 areas are unavoidable, the impacts must be minimised and residual impacts must be offset by
securing ecologically equivalent sites in EBIS-1 or EBIS-2 areas. In the case of such offsets, national
and provincial offset guidelines should be applied to ensure no net loss (see Table SPM 7.2). [8§7.3]

Environmental compliance in EBIS-3 and EBIS-4 areas is still required. This includes specialist-

led assessment of local sensitivities and identification of appropriate mitigation. This is necessary to
ground-truth desktop assessments and minimise impacts. [87.3.4]
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The cumulative and unforeseen impacts of SGD on biodiversity, as well as effectiveness of
mitigation, must be monitored. The outcomes of the monitoring programme need to dynamically

inform ongoing strategic and regional level decisions on SGD. [87.4.2]

Figure SPM 7.1: Map of Ecological and Biodiversity Importance and Sensitivity in the study area.
Protected areas (5% of study area) are legally protected. EBIS-1 areas (13% of study area) contain extremely sensitive
features and are irreplaceable. EBIS-2 areas (37% of study area) contain highly sensitive features and/or features that

are important for achieving targets for representing biodiversity and/or maintaining ecological processes. Protected
areas, EBIS-1 areas and EBIS-2 areas collectively meet targets for representation of biodiversity and maintenance of
ecological processes in the study area. EBIS-3 areas (44% of the study area) are natural areas that do not contain
currently known sensitive or important features. In EBIS-4 areas (1% of study area) there is no remaining natural
habitat (Figure SPM 7.1).
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Table SPM 7.1: Extent of areas of Ecological and Biodiversity Importance and Sensitivity within the study

area (percentage).

Ecological and Biodiversity Importance and Sensitivity | Extent (%)
Protected areas 5
EBIS-1 13
EBIS-2 37
EBIS-3 44
EBIS-4 1
Total 100

Table SPM 7.2: Strategic application of the mitigation hierarchy at the landscape level.

Based on map of Ecological and Biodiversity Importance and Sensitivity.

Ecological and Biodiversity
Importance and Sensitivity
(EBIS)

Primary focus of mitigation, based on the mitigation hierarchy

Protected Areas

AVOID. These areas are legally protected in terms of the Protected Areas Act.

EBIS-1 (highest)

AVOID - it is not possible to minimise or offset impacts of SGD activities in
these areas.

If possible, SECURE through legal mechanisms that limit habitat loss and
degradation.

These are first-tier receiving areas for biodiversity offsets.

EBIS-2

Best option: AVOID

Otherwise: MINIMISE, AND OFFSET RESIDUAL IMPACTS by
securing sites in EBIS-1 or 2 areas.

If possible, SECURE through legal mechanisms that limit habitat loss and
degradation.

These are second-tier receiving areas for biodiversity offsets.

EBIS-3

MINIMISE

SGD activities need not be avoided in these areas IF:

. EBIS-1 areas are secured, AND

. EBIS-2 areas are either secured or any residual impacts on these areas
are offset.

EBIS-4 (lowest)

MINIMISE, especially in order to ensure that there are no negative impacts
on protected areas, EBIS-1 or EBIS-2 areas.
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8. IMPACTS ON AGRICULTURE

Agriculture functions on different levels or scales, including both a social subsystem and
ecological subsystem. Decision-making within agriculture needs to consider both these subsystems,
the agro-ecosystems agriculture depends on, as well as the governance systems organising and

regulating agriculture in the Central Karoo. [88.2.1]

The total Gross Farm Income (GFI) of the region is just over R5 billion/yr. Of which 48% is from
the Eastern Cape, 10% from the Northern Cape, and 41% from the Western Cape. The sale of animals
accounts for 39% of GFI, animal products 19%, field crops 4%, and horticultural crops 38%. The
agricultural sector in the study area provides a direct source of income for 38 000 people. Considering
the average size of families in the study area of approximately 4.5 persons; this translates to
supporting the livelihoods of around 133 000 people. [88.5.3.1, §8.5.3.2]

The biggest risk of SGD to agricultural production relates to the competing use and potential
contamination of water resources. In the dryer central and western parts of the study area, farming
communities rely exclusively on boreholes for water for humans and livestock consumption.
Elsewhere, both surface and groundwater are used for livestock and irrigation purposes. SGD poses
potential risks to both the quantity and agricultural usability of surface and groundwater resources.
Opportunities may exist to use water produced as a by-product of SGD for agricultural production
purposes or importing water from outside of the Central Karoo, which will significantly decrease the
risks associated with local water competition. [88.6.2, 88.8.1, §8.8.2]

SGD and agriculture are not mutually exclusive. SGD does not pose a significant risk to
agricultural productivity in the long term if the risk to ground water resources is adequately
addressed. The central and western parts of the study area are areas of low potential productivity in a
national context. Nevertheless, they have made a relatively constant contribution to regional Gross
Domestic Product (GDP) and sustained local livelihoods. The area offers limited options and
opportunities. There is a trend towards alternative sources of land-based incomes, such as eco-tourism
and hunting. [88.5]
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Figure SPM 8.1: Four tier agricultural sensitivity map focused on the study area within the Central Karoo.
The index considers land capability, grazing capacity, cultivated fields, irrigated areas and surface water features such as river and dams. The proportions of sensitive areas are
provided as a percentage of the entire study area as follows: Very High Sensitivity = 22.14%; High Sensitivity = 33.8%; Moderate Sensitivity = 32.21% and Low Sensitivity =
11.86%. The sensitivity index rating was based per quaternary catchment located within the study area.
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Any intervention that weakens current land-based livelihoods is likely to have a long-term
impact on the resilience of both the area and its land users. Local land users draw on profound
local knowledge to sustainably use vulnerable land-based resources. Fragmentation of the landscape
to accommodate SGD must be carefully mitigated to minimise the negative impacts on the viability of

agricultural enterprises. [88.6.2, §8.8.2.1]

Some agricultural land may be taken out of production (leased or purchased) while SGD is
underway, which could have a positive impact on the incomes of agricultural land users. This
suspension of production would have a limited negative impact on long-term food security at regional
scale as it would not be lost to production in the long-term, and may benefit from being rested from
grazing. [88.8.1]

Sufficient policy, legislation and regulations exist to protect the natural agricultural resources.
The enforcement of these instruments remains a major stumbling block to sustainable agricultural
resource use and prevention of their degradation. The institutional capacity, skills and knowledge to

implement and enforce these measures are limited, especially at local level. [§8.3]

Local economic development associated with SGD will likely stimulate local markets for
agricultural products. Significant numbers of locally-based staff of SGD companies will increase
demand for agricultural products. SGD is likely to attract service enterprises that will also contribute

to the local economy and consume agricultural products. [88.8.1]

SGD will put the privacy and security of land users at risk. Currently land users enjoy high levels
of control over the farm-based resources. This is in part a result of little through-traffic on most farms
and relatively stable local populations. An influx new people associated with the Small and Big Gas
scenarios may expose farm property and livestock to theft and increase vulnerability of local

communities to crime and potentially violence. [§8.8.2.1]

Long-term monitoring and evaluation is essential to measure the effectiveness and efficiency of
mitigation measures applicable to agriculture under all scenarios of SGD. The effective
implementation of mitigation and rehabilitation measures is important to limit the negative impacts of
shale gas operations and to ensure their continuous improvement. The effective implementation of a
long-term monitoring programme depends on the availability of adequate resources, especially at the
level of local implementation. The outcomes of these monitoring and evaluation processes must be

fed back to relevant stakeholders to ensure continuous improvement. [§8.8.2]
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9. TOURISM IN THE KAROO

Tourism adds over R2 billion to the economy of the study area annually. Tourism provides the
largest number of enterprises in the study area: 828 in 2015/16, employing between 10100 and 16400
workers and annually adding R2.3 billion to R2.7 billion to the local economy. It is the fastest
growing economic sector in most Karoo towns, thus its importance in the study area is expected to
increase further in future, even in the absence of SGD. All towns in the study area are reliant on
tourism, some (Nieu-Bethesda, Prince Albert, Sutherland, Loxton, Jansenville) more so than others
(Figure SPM 9.1) [89.1.2]. The rural Karoo landscape is an important resource for specialised tourism
niches, such as eco-tourism, agri-tourism, hunting and adventure tourism, which disperse tourism
activities beyond the towns. Negative impacts on the Karoo tourism brand poses risks to different

tourists and industries in different ways (see Table SPM 9.1).

Figure SPM 9.1: Estimates of tourism sensitivity in the study area based on the number of enterprises.
The estimate is determined based on the negative impacts on tourism and tourism enterprise numbers relative to the
total number of enterprises of towns in the study area. Circle sizes indicate the total number of enterprises in each
town.
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The three broad tourist groupings identified in the study area have distinct requirements and
different sensitivities with regard to SGD. The groups are: business tourists and those visiting
friends and relatives (VFR); people travelling through the region; and niche tourists who actively seek
out the Karoo as a destination for its landscapes, stillness, biodiversity, heritage, experiences, food
and stargazing. Business and VVFR tourism is expected to increase under SGD but might experience
crowding out if shale gas workers use tourist facilities for accommodation in the towns, especially
those of the N1, N6 and N9 routes. Tourists passing through the study area would experience an
increase in traffic and, also possibly, competition for facilities in the towns. Niche tourists are most
sensitive to disruption by SGD of the sense-of-place, biodiversity, and darkness and quietness of the

Karoo. They are also the most dependent on rural areas (Figure SPM 9.1). [8§9.2.1]

The most likely risk of SGD on tourism is expected to be an increase in traffic and its associated
noise pollution. This would result from slow-moving trucks continuously ferrying materials needed
for SGD, hindering traffic flows and traffic noise disturbances of tourists in towns and rural areas of
the study area. It will start should exploration be initiated ca. 2018 and will escalate and endure should
the Small or Big Gas scenarios happen from about 2025 to beyond 2050. Other risks include the
visual disruption of scenic landscapes, a loss of sense of place, perceived or actual pollution
(especially of water) and small earth tremors. All of these changes could impact on the value of the
Karoo brand, which is associated with an undeveloped rural landscape. In regions of very high, high
and medium sensitivity for the Small and Big Gas scenarios risks range from high to very high
without mitigation. With mitigation, these risks can be slightly, although not substantially, reduced.
[89.2.3; §9.3]

Negative impacts on the tourism sector would increase the risk of losses of employment and
value addition to local economies. The loss in employment and Gross Value Added (GVA)
associated with various degrees of tourism impairment are provided in Table SPM 9.1. [§ 9.2.2]
Negative impacts on tourism could endure for a decade or more after all SGD activities have ceased
and full rehabilitation has been achieved.
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Table SPM 9.1: Quantified losses in tourism enterprises, employment and value addition which could be
experienced.

These may be associated with increasing levels of negative impacts caused by SGD.

Loss in GVA
Loss in tourism enterprises | Tourism employment R million
Loss

< 4% <530 <100

4-8% 531 - 790 100.1 - 200
8.1-12% 791 - 1580 200.1 - 300
12.1-16% 1581 - 2110 300.1 - 400
16.1 - 20% 2111 - 2660 400.1 - 500

>20% >2660 >500

Mitigating the risks on tourism requires active cooperation between the mining and tourism
industries. Mitigation actions could include: (i) Protecting key tourism access routes, for instance the
N9, from the heavy truck traffic associated with SGD; (ii) Limiting shale gas traffic on mountain
passes (such as the Swartberg, Outeniqua, Wapadsberg, Lootsberg, Huisrivier and Robinson) that
provide access to the area and enhance tourist experiences; (iii) Minimised heavy traffic on local
tourist routes;. (iv) Protecting Karoo towns from impacts of SGD, especially those highly dependent
on tourism; (v) Reduction of noise and visual disturbances in the study area through the use of
appropriate buffers around sensitive tourism assets, such as tourist facilities, protected areas and
heritage sites in the rural landscape; (vi) best practice mitigation of air, water and light pollution.
[89.3]

Integrated tourism management would be required to deal with the complexities resulting from
SGD. Management of tourism in the study area is currently fragmented between three provinces and
many municipalities, each with its own approach. A government-led or endorsed partnership with the
mining and tourism industries to collaboratively protect and promote tourism in the Karoo is an
example of an integrated approach. This could lead to the establishment of an appropriate institution
to achieve integrated tourism management and to support the Karoo tourism brand. This institution
could be funded by a levy on gas production earmarked to offset the negative impacts on tourism.
[89.3.4]
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10. IMPACTS ON THE ECONOMY

SGD could deliver highly significant economic opportunities, but its extractive nature could also
bring economic risks. In both respects SGD is little different to other types of mining. The
opportunities include an increase in the national and local economic activity and employment. The
principal risks relate to the ‘boom and bust’ nature of extractive industries, and to the effects of large
new inward investments on increasing the value of the South African Rand, which can make exports

less competitive. [§10.2]

Positive macro-economic impacts particularly on the balance of payments can be expected from
SGD. Shale gas at prices at or below imported gas would in the medium term substitute for imported
gas, which would improve the trade balance and shield the country from price volatility and exchange
rate risks associated with imported natural gas. If the Big Gas scenario is assumed, gas revenue could
be equivalent to between 8% and 16% of the current account deficit thereby making a potentially
substantial contribution to deficit alleviation. The economic risk associated with exchange rate

appreciation is considered manageable for the scenarios considered. [§10.2.1.2]

The achievement of long-term macro-economic benefits will necessarily depend on the uses to
which the proceeds of SGD are put. Concerted efforts will need to be directed at ensuring that the
majority of proceeds accruing to government are invested so as to enhance the long-term prospects of
the country. [810.2.1.1, 8§10.2.1.2]

Measures focused on ownership/shareholding, purchasing, hiring and training are the key ways
in which the benefits of SGD can be maximised, both in the study area and nationally. These
could include, for example, applying rules similar to those required in the enhanced Social and Labour
Plans (SLP) in the mining industry and local community development requirements of the Renewable
Energy Independent Power Producers Procurement Programme (REIPPPP). [810.4]

Shale gas development would increase employment opportunities. The Big Gas scenario would be
associated with approximately 2 575 direct operational jobs in drilling, trucking and power generation
with residents of the study area probably able to fill 15% to 35% of these positions initially,

increasing over time as training proceeds (
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Table SPM 10.1). It should not be assumed that indirect and induced impacts in terms of jobs in the

study area would reach the same level as direct impacts. [§10.2.2.2]

Table SPM 10.1: Preliminary estimate of direct employment opportunities resulting from shale gas
development per scenario.

Seismic Exploration
. and appraisal Small Gas Big Gas
exploration o
drilling
Size or recoverable reserve (tcf) N/A 1 5 20
Potential Two 2 000 MW
One 1 000 MW | CCGT power
movable R
CCGT power stations in the
Use of gas resource N/A modular power oo
lants (1-2 MW station in the study area and a
P study area 65 000 bpd GTL
each)
plant at the coast
Duration of activity (years) 1 5to 10 35 minimum 35 minimum
Number of rigs/areas 5 5 3 20
Jobs per rig/area 100 to 150 100 100 100
Exploration and drilling jobs* 500 to 750 500 300 2 000
Transport/trucking jobs** N/A 20 40 275
Power station jobs (by 2050)*** 0 0 80 300
Total eventual jobs (regardless of 500 to 750 520 420 2575
where employees are from)
Initial percentage of employees | 54, 15% to 35% 15%t035% | 15% to 35%
from within the study area
Initial number of employees from | 4555 150 | g 1o 180 60 to 145 390 to 900
within the study area

*  Total exploration and drilling jobs were estimated in Burns et al. (2016)

**  Transport/trucking jobs based on truck trip numbers in Burns et al. (2016) (these are substantially greater
for the Big Gas scenario given the larger number of wells), assuming two drivers per truck and two return
trips per eight-hour shift.

*** Power station jobs based on current jobs at larger Eskom power stations which are gas-fired or could be
gas-fired such as Ankerlig and Gourikwa.

SGD would be a new economic activity in the study region of a potentially similar magnitude to
the emerging renewable energy sector. Table SPM 10.2 provides a comparison of SGD impacts on
jobs and value generation to those associated with the agriculture and tourism sectors and the
renewable energy projects in the study area. It provides broad context for evaluating potential
impacts. It shows, for example, that the Small Gas scenario for SGD should result in roughly half the
direct jobs expected from the currently approved renewable energy projects, while the Big Gas

scenario should exceed these jobs by a factor of at least three. [§10.2.2.2]
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Table SPM 10.2: Estimates of direct operational employment and economic contribution by the main economic
sectors in the Central Karoo. Also included are the approved renewable energy projects relative to SGD.

Direct operational jobs for people | Broad indicators of economic value within

Sector or project | ¢ ny within the study area the study area

Total Gross Farm Income (GFI) of R5006
Agriculture* 38 000 million/yr. Contribution of activities directly
related to hunting equalling R189 million/yr

R2.3 billion/yr to R2.7 billion/yr contribution to

- .
Tourism 10100 to 16 400 jobs annual study area Gross Value Added

. R3.5 billion/yr to R7 billion/yr turnover for
Shale Gas Initially 60 to 145 for the small small scale production scenario or R14

scale production or 390 to 900 for

Development the Big Gas scenario

billion/yr to R28 billion/yr turnover for large
scale production

Initially 115 to 270 assuming that
the portion of jobs that go to local | R3.75 billion/yr to R4.75 billion/yr turnover
residents is same as for SGD

Renewable energy
projects**

* From Oettle et al. (2016) [Agriculture] and Toerien et al. (2016) [Tourism].

**  Jobs estimates based on capacity (totalling 1 500 MW) of 14 preferred bidders/projects approved for the study area
under the REIPPPP multiplied by jobs/MW averages for wind and solar power projects contained in the ‘Green
Jobs’ report (Maia et al., 2011). Turnover estimates based on capacity per project multiplied by capacity factors
for wind and solar published by NERSA and by contract prices per bidding round published by DoE.

The risk that SGD could ‘crowd out’ other economic sectors in the study area, such as
agriculture and tourism, by causing rises in the prices of labour and other inputs, is low for the
scenarios considered. An important proviso is that SGD should not seriously compete with local

water users or pollute local water supplies. [§10.2.2.2.2]

Local government finances are likely to be put under significant strain particularly under the

Big Gas scenario. Appropriate mechanisms will be needed to effectively alleviate this strain. [§10.5]

For the Big Gas scenario, there is a high risk that the residual costs associated with SGD
become the responsibility of society. With mitigation this can be reduced to moderate. Mitigation
includes the implementation of financial mechanisms to ensure that developers make adequate
financial provisions to allow the state to deal with remediating remaining impacts in the event of pre-

mature closure and longer term risks associated with the post-closure period. [§10.2.3]

Adequate and unambiguous compensation mechanisms are needed for landowners to cover the

use of their land and for other affected parties where environmental and other damages cannot
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be mitigated. Property values on farms near where drilling occurs are likely to decrease — the risk is
assessed as moderate without mitigation. This applies to places exposed to water supply or quality
deterioration, and to places whose amenity value is reduced by visual, noise, traffic or security risks.
This loss can be balanced by adequate compensation. Property values in towns, on the other hand, are
likely to increase due to increased economic activity assuming key externalities such as those

associated with increased truck traffic can be managed. [810.2.4]

11. THE SOCIAL FABRIC

Figure SPM 11.1:  Four main casual risk pathways of shale gas development which may affect social fabric.
These are (a) human migration; (b) safety and security; (c) social institutions / inequality; and (d) governance. These
are all interrelated in various ways, so they should not be considered in isolation.

For human migration, assuming the Small and Big Gas production scenarios, the risks will be
high to very high respectively. This can be somewhat reduced to high with mitigation, for both
scenarios. Mitigation efforts will include housing provision, training programmes and transparent
employment practices. Municipal planning processes are typically slow and cumbersome, and
therefore unable to respond timeously to these demographic fluxes. Towns in the study area already

experience housing backlogs, due to inter-town and farm-town migration trends. Human in-migration
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to the affected environment can trigger inter-community conflict in competition for scarce resources,
such as employment. If the Exploration Only scenario phase does not move on to the Small and Big
Gas scenarios, there will be a sudden reduction in housing demand, and very likely an outflow of
population. [811.2, §11.3]

As regards physical security, assuming the Small and Big Gas scenarios, the risks are
considered very high and high respectively. Various mitigation strategies are possible, depending
significantly on the capacity of policing and social support agencies. Small towns in the study area
will have to expand their traffic management capability significantly due to much greater traffic
pressure caused by SGD trucking. With mitigation, risk can be reduced, but it is still considered to be
high. [811.2, §11.4]

There is a high risk without mitigation that benefits may not be equitably distributed, thus
reducing the strength of local social institutions. For the Small and Big Gas scenarios, these risks
can be reduced to moderate with mitigation. There may be more jobs and wages in the local
community, stimulating new economic multipliers. This may be associated with increased
competition for resources and xenophobia in a multi-racial society, disruption of local employment
patterns, alienation, conflict and greater social inequality. Mitigation would include assisting
communities in become more resilient and adaptable over time; however it is not clear how much
institutional effort will be required by other government agencies, to promote resilience. Furthermore,
proactive company initiatives may well strengthen local social institutions. [§11.2, §11.3.3, §11.3.6,
§11.6.5]

Opportunities through large investments in small town areas create boomtown conditions in the
local economy. SGD especially in the Big Gas scenario will create a significant mining sector in the
study area. This will be associated with increases in construction, trade (wholesale and retail) and
business services, which are likely to have extensive multiplier effects in the local economy, as well

as job creation in these sectors. [§11.5]

In terms of governance and power dynamics, the risks associated with the Small and Big Gas
scenarios are high. SGD, while anticipated to raise the mean social welfare at national and local
level, may perversely simultaneously accentuate social inequalities and schisms. With mitigation in
the Big Gas scenario, this risk can be reduced to moderate, but remains high for the Small Gas
scenario. There may be increased pressures on already inadequate municipal governments to meet the
growing demand for basic services, and new political tensions. Municipalities will be subjected to a

wide range of demands for new or expanded services, and the administrative capacity, staffing levels,
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equipment, and outside expertise needed to meet those demands may be beyond anything that has
been budgeted. The mineral leasing process typically involves experienced business people on one
side and inexperienced farmers and municipalities on the other. This raises the risk that energy
speculators will take advantage of local people, or that such perceptions are created, thereby

detracting from municipalities’ legitimacy. [§11.6]

12. IMPACT ON HUMAN HEALTH

The health status of the local population in the study area is currently below the national
average, making them more vulnerable to adverse human health effects from SGD. This is
despite the perception of the Karoo as a healthy environment, and is largely related to poverty,
inadequate housing, unsafe water and sanitation, and insufficient health infrastructure. Investment in
health infrastructure and improving socio-economic status, arising from SGD or other sources, could
improve the health outcomes in the communities (Figure SPM 12.1). [812.5]

Figure SPM 12.1:  Current health status of people in the Central Karoo compared with the national average.
Based on numbers of still births, neonatal deaths, maternal mortality rates, TB and TB-HIV co-infection rates and
hypertension per capita with red indicating highest percentage health issues.
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People living close to shale gas infrastructure (wellpads and roads) are at risk of negative health
impacts through air, water and noise pollution. Through on-site mitigation and keeping SGD
operations at a safe distance from population centres, the potential human health risks on communities
can be reduced to moderate, but some reduction in air quality will nevertheless be experienced at
regional scale. [§12.2, §12.3, §12.19]

There is a high risk that SGD workers can be directly exposed to toxic substances for extended
periods. Short-term dermal and respiratory symptoms are common among SGD workers. Some cases
of death have been reported in countries with a history of SGD. Airborne silica exposure at the
wellpad is an important cause of respiratory issues. Mitigation options, such as engineering solutions
and personal protective equipment, conforming to the Hierarchy of Pollution Controls (Figure SPM

12.2), can substantially reduce the workers’ exposure to moderate. [§12.10, §12.14]

Figure SPM 12.2:  Hierarchy of pollution controls for occupational health and safety for workers at sites of
shale gas development.
This is particularly relevant to production sites associated with the Small and Big Gas production scenarios. (Source:
NIOSH, 2015)
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Baseline monitoring is crucial to attribute a future negative or positive impact of SGD on
human health in the study area. Currently the available information on health issues in the study
area is inadequate to form a baseline. Metrics such as incidence of asthma and other respiratory
problems, dermal irritations (rashes), cardiac, cancer, birth weights, birth defects, APGAR scales,

kidney and liver, infertility, neurological impairment need to be monitored. [§12.20]

Uncertainties in the chemicals to be used and their health consequences are the major limitation
to assessment of the likely risks of SGD on health. This assessment is based on international data
and experience. Many of the chemicals used in SGD do not have adequate health data associated with
them to make an assessment. Since the activity of fracking worldwide is relatively new in relation to
the time needed to assess long-term health effects, including trans-generational effects, robust
scientific evidence is scant. Some of the chemical used are known to have long-term health effects.
[812.8]

Detection of health impacts resulting from SGD will require baseline and ongoing monitoring of
air and water quality and health. A focus should be the health symptoms associated with SGD. A
baseline will need to be established prior to initiating SGD activities in to enable unambiguous
attribution of change to specific causes. Health issues should be included in the Regulations for

Petroleum Exploration and Production, which currently do not consider them directly. [§12.7, §12.20]

13. SENSE OF PLACE VALUES

There is insufficient underlying research and documented evidence for this assessment to
comprehensively evaluate the issue of sense of place. The assessment describes the key concerns
and determinants with respect to sense of place, and is able to infer some limits of acceptable change
for particular senses of place, based on the existing landscape and its land use. Sense of place has
strong links to visual and noise impacts, social fabric and heritage and biodiversity issues, but also
contains subjective elements which are not fully captured or measurable by those approaches. If these
subjective elements are not researched and included in future SEAs or EIAs and other development

processes then the risk of social disruption through SGD would increase.[813.1, §13.2, §13.8]

There is not one, but are several, ‘senses of place’ in the Karoo. Some of them have local
significance, while others are sensed by people living outside the area (for instance, by tourists), and
perhaps even by people never visiting the area (for instance, the senses of place resulting from

elements of scientific significance or artistic representation). The multiplicity of senses of place in this
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assessment have been identified in a generalised way from publicly available literature or media and
potential areas of conflict or sensitivity highlighted .While this is not best practice or conclusive, it
provides an indication of the range of sense of places that have been expressed in the public domain
(Figure SPM 13.1). [813.3, §13.5].

Figure SPM 13.1:  Matrix of ‘sense of place’ values experienced in the Central Karoo.

Two of the key dimensions of the variation in sense of place in the study area are whether the sense of place is based
on a human-transformed environment, such as towns or farmland, or on a minimally- disturbed landscape; and the
priority which human extrinsic needs (such as employment and income) are given relative to intrinsic values such as
aesthetic or spiritual appreciation.

SGD in the Karoo will affect values associated with sense of place, in some cases positively and
in others negatively, and in some cases irreversibly. The loss of sense of place for farmers, farm
labourers (including the Karretjie People), emerging farmers and land claimants ranges from moderate
to high across the scenarios without mitigation and low to moderate after mitigation. The loss of sense
of place to lifestyle farmers, creatives, retirees, tourists and scientists ranges from high to very high

across the scenarios without mitigation and high to moderate with mitigation. The loss of sense of
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place to people associated with SGD, low-skilled workers and unemployed youth is considered very
low with and without mitigation. [813.5, §13.7]

Some senses of place are in conflict with one another whereas others are more compatible. It
could be argued, for example, that shale gas developers employ a sense of place that is in conflict with
the average Karoo tourist’s sense of place that usually involves a sense of nothing or remoteness.
Should SGD occur, a significant measure of this remoteness or “Niks” of the Karoo could be lost
forever. However, for example, the tourism industry’s sense of place and the farming community’s
sense of place are far more compatible and even supportive of each other. They both encourage low
levels of noise, open space and limited numbers of people. [§13.1, §13.3.14, 813.5, 813.7.1]

Senses of place are not equally valid or justifiable within all contexts and some senses of place
may have greater legitimacy than others. Senses of place are often shared by people who either live
in a place or those who value it as a destination for work or holidays or who view it from an outsider’s
perspective. They may be regarded to have more value because they are shared by a greater number of
people or potentially create value for a larger number of people. Others have more impact because it
is the majority view of the people who own land and/or pay taxes and still others carry more weight
because they are compatible with a diversity of senses of place. [§13.1, §13.7.2]

Sense of place values are seldom adequately addressed in public participation processes such as
in ElAs, although they often turn out to be major issues. For them to be adequately addressed
would require detailed empirical research to elucidate the specific sense of place values in particular
contexts. One way to fill this critical gap would be to include such investigations in processes such as
SEAs, ElAs, Spatial Development Frameworks (SDFs) and Environmental Management Frameworks
(EMFs). It is recommended that both quantitative (Likert type surveys) and qualitative (ethnographic
type fieldwork) research methods be applied to establish sense of place values within communities.
This information would enable monitoring of change in senses of place and determination of the
limits of acceptable change. [§13.6, §13.8]

14. VISUAL, AESTHETIC AND SCENIC
RESOURCES

Without mitigation across the SGD scenarios, it is likely that visual fragmentation of Karoo
landscapes, and transformation of its pastoral or wilderness character to an industrial

connotation will occur. With mitigation which generally requires avoiding visually sensitive areas
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identified in Figure SPM 14.1; these risks can be reduced. Not all risks related to visual impact are
mitigatable and very high residual risk may remain even with mitigation, especially in the high

sensitivity areas and under the Big Gas scenario. [§14.4.4]

Figure SPM 14.1:  Composite map of all scenic resources and sensitive receptors in the study area.
This includes visual buffers, indicating visual sensitivity levels from dark red (the actual feature or receptor), red (high
visual sensitivity) orange (moderate visual sensitivity) and yellow (low visual sensitivity). These are not necessarily
exclusion zones, but indicate visual sensitivity at the regional scale.

Potential visual impacts resulting from the proposed SGD can be managed to a limited degree
through a range of avoidance, mitigation and offset measures. Avoidance measures involve the
protection of valuable scenic resources, including the use of visual buffers. Mitigation measures are
mainly project-related, such as the control of construction activities and minimising the visual
intrusion of structures in the landscape (Figure SPM 14.2). Finally, offset measures involve
compensation in one form or another for the visual intrusion caused by SGD and possible loss of
scenic resources. A possible offset is the creation within the study area of a scenic wilderness corridor

forming a linked system of protected landscapes. [814.4.1]

Cumulative impacts in the Central Karoo may pose a compounding risk. The visual risks of SGD
must be considered in conjunction with visual risks resulting from associated secondary developments
and from other unrelated developments in the study area, for instance the roll-out of wind and solar
energy and possible uranium mining. Mitigation consists primarily of restricting SGD activities in

visually sensitive locations [§14.4.1]
Scenic ‘hotspots’ in the Karoo that are particularly sensitive to SGD can be identified. These

need to be taken into account in EIAs and other permitting processes. Currently, visual resources have

no specific legal protection in South Africa, except under the definition of the National Estate in the
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National Heritage Resources Act. It is advisable that national, provincial and local authorities enact
legislation or by-laws to prepare for the effects of possible shale gas activities on visual resources
(Figure SPM 14.1). [§14.4.2]

National, Provincial and Local Government need to prepare for future possible SGD in South
Africa in order to conserve scenic resources and protect visually sensitive receptors. Best
management practices to minimise potential visual impacts have been gleaned from similar activities
in South Africa and from overseas studies on SGD. [§14.5]

Figure SPM 14.2:  Visual simulations of a wellpad located in the Central Karoo landscape.
During the day (top) and at night (middle) indicating visibility at a range of distances from 500 m to 5 km, before
mitigation. The flatness and low vegetation in the Central Karoo enhances visibility. Night time visibility of lights
would tend to be pronounced in the dark rural landscape of the Karoo. A visual simulation of a wellpad in a Karoo
landscape at a distance of about 300 m (bottom). The adjacent farmhouse gives an indication of the scale of the
drilling rig.
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The level of information relating to scenic resources needs to be addressed; there being no
comprehensive or standardised baseline or grading system currently in South Africa, nor fine-
scale mapping for the study area. Additional information is required in particular for cultural
landscapes and for private reserves, game farms and resort or tourism-related amenities that could be
affected. An assessment of cumulative impacts would require information on the location and density
of proposed SGD in relation to other existing and proposed activities, such as wind and solar energy

developments, as well as uranium mining. [814.6]

15. IMPACT ON HERITAGE RESOURCES

The risk to heritage resources from SGD varies markedly from place to place within the study
area. It depends on the type of heritage resource, the specific locations of wellpads, access roads and
related infrastructure, and the amount of induced seismic activity that occurs. There is no part of the
study area where there is no risk to heritage resources. Heritage resources representing all levels of
significance are distributed in variable densities throughout the study area, but because of generally
low survey coverage the actual distribution of resources is poorly known. Living heritage, which is
ubiquitous, binds the physical resources together and contributes to the character of a region that is so

highly valued by a wide community of South Africans. [8§15.1.1]

Heritage resources in the study area are part of the National Estate and thus belong to the
people of South Africa. While most are of relatively low heritage significance, there are numerous
sites of high sensitivity scattered across the region. Towns and villages, river valleys, rocky ridges and
the undulating uplands tend to be more sensitive than the open plains for some categories of heritage,
largely because of access to water. In these regions the risks to heritage resources is considered high
but can be reduced to low by appropriate micro-siting of SGD infrastructure during EIA processes
[815.3.1]. Seismic activity could negatively affect heritage resources to varying degrees depending on
the fragility of the resource, but built heritage within 10 km of fracking sites is considered a high risk
without and with mitigation. [815.2.1, §15.2.2]

The risk to heritage resources in the study area during the Exploration Only scenario is
considered high. The exploration phase may be associated with intensive and widespread seismic
lines and 3D surveys in the region. The Small and Big Gas production scenarios would be confined to
designated 30 x 30 km production blocks, thereby reducing the risks associated with widely dispersed
and diverse heritage resources. Although it will not be possible to choose the exploration and/or
production areas based on heritage resources, micro-siting of the infrastructure and the

implementation of management and mitigation measures during all phases will help reduce risks. The
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most difficult aspects with which to deal in terms of mitigation are aspects relating to the cultural
landscape and, along with minimising the amount of landscape scarring that occurs, effective closure

phase rehabilitation will be key to mitigating risks. [§15.4]

The risk to cultural heritage assuming the Big Gas scenario is considered very high without
mitigation. For the Small Gas scenario it is high without mitigation. Avoiding the sensitive visual
hotspots identified in the Visual Chapter by Oberholzer et al. (2016) will decrease the risk to high and
moderate for the Big and Small Gas scenarios respectively (see Figure SPM 14.1). [8§15.3.2.5,
§15.3.2.7]

16. NOISE GENERATED BY SHALE GAS
RELATED ACTIVITIES

Acoustic noise has a marked impact on the physical health of people and on their psychological
wellbeing. The Karoo area is a quiet area. Residual day- and night-time noise levels are
approximately 33 dBA and 25 dBA respectively (LAeq). This is 10 dB quieter than the typical levels
published in standards for rural areas, a significant difference since an increase of 10 dB is perceived
as a doubling of ‘loudness’. [816.1.2]

Exploration phase noise impact is likely to be localised and of short duration with very low risk
with and without mitigation. Noise would be generated predominantly by trucks, and would only be
noticeable in the immediate vicinity of exploration activities, for the duration of the activities.
[816.2.4, §16.2.5]

The Big Gas scenario will likely have very high noise risks for humans and animals within 5 km
of the sites. Noisy activities during the operational phases are expected to run constantly (day and
night) for six to eight weeks at a time, repeated every six months at every wellpad, for a period of a
decade or two, with quieter activities between. Night time noise impacts are therefore most likely,
when residual noise levels are at a minimum. [§16.2.4, §16.2.5, §16.3.3] For receivers within 5 km of
drilling activities, the risk can be mitigated to high by implementing best practice management
technologies. [816.4]

For all scenarios, risk is reduced to very low once receivers are located a horizontal distance of 5

km away from drilling activities on wellpads. That being said, proposed sites of noise generating

activities will need individual Noise Impact Assessments in accordance with SANS 10328 to
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determine the likelihood and severity of impacts at a site specific level. Noise control, attenuation and
monitoring will likely be required for all sites. The extent of the required measures will be determined

by the Noise Impact Assessment undertaken as part of an EIA process. [§16.5]

Figure SPM 16.1:  Notional schematic showing the risk profile of noise impacts from wellpad activities.
Risk reduces to very low once approximately 5 km from the wellpad. The figure does not include potential
disturbance due to increased road traffic noise if roads are otherwise quiet.

There is additionally a risk of noise impacts emanating from the surrounding roads due to
increased heavy goods vehicle road traffic. This will be especially prominent assuming the Big Gas
scenario wellfield is located in the vicinity of quiet and seldom used roads. [816.2.4] Under the Big
Gas scenario, this risk is considered high without mitigation and moderate with appropriate traffic
noise control mitigation applied. [§16.2.6. §16.4]
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17. ELECTROMAGNETIC INTERFERENCE
WITH THE SQUARE KILOMETRE ARRAY

The permissible electromagnetic interference (EMI, ‘noise’ in the radio frequencies) is
regulated for those parts of the study area which can affect the performance of the Square
Kilometre Array (SKA) radio telescope. The SKA will be the largest and most sensitive radio
telescope in the world and constitutes a multi-billion Rand, multi-decadal investment, centred near
Carnarvon, just north of the study area. The array forms a spiral with several arms, with receivers at
increasing spacing on each arm (Figure SPM 17.1). Three of the spiral arms penetrate the study area.
In terms of the Astronomical Geographic Advantage Act and its regulations, EMI at each of the

distributed receivers may not exceed certain limits. [§17.1.1]

Electrical motors, switchgear, spark-ignited engine motors and communication devices are the
types of equipment used in SGD which can potentially cause EMI. [§17.3.4] The first mitigation
action is to reduce the number of such sources, and to select the equipment or shield it in such a way
to minimise the EMI. Testing of all equipment for compliance is necessary prior to SGD. The EMI
produced depends on both the specific equipment and its use. It cannot be assessed in detail at the
strategic level, but when specific proposals are considered in an EIA phase, an inventory must be
made, including where, how often and how many of each type will be used and the EMI
characteristics of the proposed equipment must be determined. Radio propagation models can then be

run to confirm that the specified limits are not exceeded at the receivers. [817.3.7]

The key mitigation is to exclude EMI-generating sources for distances up to 40 km for the most
sensitive parts of the SKA. Within sensitivity class 5 and within the Karoo Central Astronomy
Advantage Area (KCAAA), no SGD activity is permitted (Figure SPM 17.1). If SGD activities are
located beyond the KCAAA, but still fall within sensitivity classes 1-5, any activity would require
detailed site specific EMI assessments. If mitigation actions are followed, the risk of EMI with the
SKA originating from SGD is very low. [817.3.5, §17.3.6]
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Figure SPM 17.1:  Map showing the sensitivity classes of the Square-Kilometre Array.

The sensitivity classes are categorised from 1 — 5, where each class is informed by a specific separation distance. The
KCAAA is shown as the black polygon around the SKA spiral arms, overlayed with the study area. The isolated
polygons occurring outside of the core spiral arms and KCAAA are future planned antenna. Fracking activities
beyond the pre-identified buffer zones do not represent a risk of detrimental impact on the SKA as a result of EMI.
Within each sensitivity class, a particular level of EMI mitigation is required, which may make certain SGD activities
unfeasible within sensitivity class 5. [§17.3.7]
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18. SPATIAL AND INFRASTRUCTURE
PLANNING

Towns in close proximity to SGD activities will experience growth exceeding projections based
on past trends. For the Big Gas scenario, the risk is assessed as high, but can be mitigated to
moderate. Enhanced resource and institutional capacity to plan for and address increased service
delivery demand for housing, water provision, social services, electricity and roads will be required.
[818.2.3; §18.3.1, 818.4.5, §10.4]

Around 45 000 to 2 117 000 truck visits may be required for the Exploration Only and Big Gas
scenarios respectively. For the Small Gas scenario the range will be somewhere closer to 370 000.
The risks associated with the increased traffic volumes and new network of geographically scattered
private local access roads and wellpads is considered high without mitigation. Mitigation will be
required to source construction material and identify and approve local sites for extraction of raw
materials. The risk can be reduced to moderate with mitigation. This would include adequate road
rehabilitation prior to SGD, avoidance of certain routes; and improved safety and emergency response
capacity. [§18.2.1, §18.2.4, §18.3.1]

There may be a need to develop pipelines and re-establish rail infrastructure in the sub-region
to relieve the pressure on the road infrastructure. There is thus a critical need to audit and
establish the current baseline condition and usage of national, regional and local roads to inform
mitigation responsibilities in future. The current state of road infrastructure is generally poor and the
financial and human capacities to address the issue are currently limited. [818.2.2, 818.3.1, 818.4.2,
§18.4.4]

Regulatory uncertainties and limited municipal capacity to facilitate ongoing processes of land
use and land development applications associated with SGD poses a high risk without
mitigation. This risk primarily relates to the already limited municipal governance capacity and
regulatory bottlenecks. With mitigation, this risk can be reduced to moderate. Clarification of legal
and implementation practices in the land use and land development regulatory framework, as well as

provincial support to municipalities is required. [§18.2.4, §18.4.6]
The primary option for mitigation of risk is to enhance integrated spatial planning. This will be

essential to deal with the multi-scaled and inter-sectoral issues that result from activities of magnitude

and duration of SGD. SDF and IDP plans in the area will require updating. Given a number of other
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activities proposed in the area such as renewable energy projects, the SKA, uranium mining, transport
corridors etc., the preparation of a Regional Spatial Development Framework could contribute to pro-
active intergovernmental planning between the respective local and district municipalities, provinces,
relevant provincial and national sector departments and other role players (Figure SPM 18.1).
[818.1.4,818.4.1, §18.4.6, 818.4.7]

Figure SPM 18.1:  Proposed system for developing enhanced municipal preparedness required to consider and
guide land use applications, manage municipal impacts and service needs.
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19. AN INTEGRATED ‘RISK PICTURE’

Risks are assessed across the scenarios, with and without mitigation. Without mitigation assumes
inadequate governance capacity, weak decision-making and non-compliance with regulatory
requirements. With mitigation assumes effective implementation of best practice principles (including
avoidance of key sensitive features), adequate institutional governance capacity and responsible
decision-making. Based on the risk assessment approach described in the introductory text, risks are
predicted in a consistent manner across the Chapters, ascribing a risk category to a specific impact,

within a particular spatial setting (see Table SPM 0.1).

Some impacts assessed have spatially explicit risk profiles which have been integrated. For other
Chapters, the impacts assessed do not have a specific spatial profile, such as those concerning social
fabric, sense of place, energy planning, economics and others. This does not make the information

contained therein any less relevant or important for decision-making.

An integrated ‘risk picture’ was developed (see Figure SPM 19.1). This picture spans the three
scenarios (considered against the Reference Case) and assessments are made without and with
mitigation applied. Spatially explicit risk profiles were merged, and are depicted using the ‘maximum
rule’ to prioritise the highest risk areas over those of lower risk in the cumulative spatial overlay (see
Table SPM 19.1).

The risk picture is not a detailed reflection of ‘reality’. The purpose of the risk mapping exercise
is to demonstrate the potential evolution of the risk profile across the scenarios considered, which
accounts for the full life-cycle of SGD activities, from cradle-to-grave, and to test the efficacy of
mitigation actions in reducing risks. The purpose of the risk picture is not to determine areas which
should be excluded from SGD activities in the future, although more localised sensitivity mapping
processes may reveal this with relatively high degrees of confidence in the future.
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Table SPM 19.1: Chapter topics with spatially explicit risk profiles used to develop the integrated risk “picture’.

Topic

Impact

Spatial unit

Air quality and
Greenhouse Gas

Local community exposure to air

Sensitive areas identified as being

Emissions pollutants within 10 km of towns
Earthquakes Damggmg earthquakes induced by Sgns.mve areas identified as a being

fracking within 20 km of towns

Contamination of groundwater

resources through surface spills and

discharge

Contamination of groundwater e

Water resource sensitivity maps

resources caused by a loss of well .

integrity and via preferential pathways developed based on legislated and
Water* proposed setbacks from surface and

caused by fracking

Physical disturbance of watercourses
and contamination of surface water
resources through flowback discharge
and contact with contaminated
groundwater

groundwater resources and associated
geological structures

Biodiversity and

Ecological and biodiversity impacts

EBIS classes defined at habitat to
landscape scales generally utilised in

*x
zgellegy spatial biodiversity planning
Agriculture Alteration of a_gricultural landscape and | Agricultural sensitivity classes defined
impact on agricultural resources base at the quaternary catchment scale
Tourism sensitivity classes defined at
Tourism Tourism impacts town, protected area, and tourism route
scale
Visual Visu_al intrusion into the landscape, Vis_ual sensiti_vity classes defined at the
altering the rural character regional scenic resource scale
Impacts on built heritage, monuments Sensitive areas identified as being
and memorials within 10 km from towns
. Impacts on archaeology and graves Archaeology and graves sensitivity
Heritage classes defined at the landscape scale.

Impacts on palaeontology, meteorites
and geological heritage

Palaeontology, meteorites & geological
heritage sensitivity classes defined at a
landscape scale

Electromagnetic
Interference***

Electromagnetic interference impacts
on radio astronomy receptors (SKA)

EMI sensitivity classes defined at the
scale of separation distances from the
SKA development footprint

* The primary mitigation measure assumed for the ‘with mitigation” assessment for water resources is that SGD
activities do not occur within the areas mapped as being of high sensitivity (see Figure SPM 5.2). The spatial risk
assessment must be interpreted in the light of known mapping constraints, with particular regard to scale.

**  For biodiversity and ecosystems, ‘with mitigation” assumes the following: 1.) That proclaimed protected areas are ‘no-
go’ areas 2.) That EBIS-1 areas are avoided 3.) That EBIS-2 areas are avoided, or at a minimum, utilised but only
following securing suitable offset sites in EBIS-1 or 2 areas (see Figure SPM 7.1).

***“With mitigation’ assumes that no SGD activities are permitted within sensitivity class 5 and within the Karoo Central
Astronomy Advantage Area (KCAAA) (see Figure SPM 17.1).
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Figure SPM 19.1:  Composite map of spatially explicit risk profiles within the study area, depicting the risk of
SGD across four scenarios, without-and with mitigation.
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The risk picture presents a mosaic of cumulative risk, evolving across the scenarios. Risks range
from low to very high in the study area, with higher risk areas prevalent towards the eastern portion of
the study area (Figure SPM 19.1). This may be attributed to more variable landscape features in the
east which are characterised by a denser distribution of towns (Burns et al., 2016), more diverse
habitats and a greater concentration of protected and sensitive areas (Holness et al., 2016), higher
agricultural production potential (Oettlé et al., 2016) and an increased concentration of scenic

resources and landscapes (Oberholzer et al., 2016).

Without mitigation, the risks associated with SGD from the Exploration Only to Big Gas
scenarios increase incrementally from moderate-very high to high-very high. Effective
implementation of mitigation and best practice principles may reduce the risk profile to low-moderate

for Exploration Only, and overall moderate-high for the Small- and Big Gas scenarios.

There is major uncertainty regarding the nature and extent of a shale gas resource. Modern
exploration, in its various forms, is the only way to increase the understanding of the resource and
whether shale gas should be considered further in the country’s energy planning and national

discourse.

At the strategic-level of assessment, the risks associated with Exploration Only could be
mitigated to low-moderate (considering both spatial and non-spatial risks). Good practice mitigation
is reliant on the veracity of the future decision-making processes. These should be guided by
evidence-based policies, robust regulatory frameworks and capacitated institutions in a manner that is

ethical, responsible and transparent.

In the Exploration Only scenario, there are some moderate risks even after mitigation is
applied. These include impacts to physical security and altered local social dynamics [811.7];
occupational exposure to air pollutants on drilling sites [83.2.5, 812.19]; EMI within sensitivity class
5 of the SKA [817.3.5]; local road construction and regional pressure on road infrastructure [§18.3.2];
spatial and development planning and governance capacity [818.3.2]. The impact of altered power
dynamics is the sole impact assessed as high after mitigation within the Exploration Only scenario.
[811.6]

Application of the mitigation hierarchy will help to significantly reduce risks. The mitigation
hierarchy prescribes avoidance as the most efficient manner to minimise impact exposure and hence
to reduce the risk profile. Avoidance is most commonly applied within a spatial context to delimited
areas that are unacceptable for development for one reason or another (sometimes many). Avoidance
can also mean the prohibition of certain development activities if more suitable, less consequential

alternatives exist.
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Through effective project planning, many of sensitive features of the Central Karoo can be
avoided. This includes high sensitivity water resources, EBIS-areas 1 and 2, high sensitivity
agricultural land, heritage features, important tourism areas or routes, vulnerable people living in
towns or rural communities, high sensitivity visual resources and the footprint of the SKA

development phases.

All data, including spatial information, should be further tested and augmented during site-level
assessments. This applies to specific development applications, where the nature, location and extent
of SGD activities are clearly defined. Even though the most recent existing spatial data available were
utilised for this strategic-level assessment, it must be recognised that information may be incomplete
and/or contain inaccuracies. Most of the features mapped at the scale of this assessment will require

additional project-level assessment processes to ground-truth sensitive features on-site.

The decision regarding SGD is not a binary ‘yes’ or ‘no’ question. There are a number of
decisions which are made through multiple decision-making processes spanning all spheres of
government and civil society (including the industry); potentially over an extended period time. Most
of these decisions will be conditional rather than absolute decisions, meaning that certain activities
may be permitted in one location and not another, or with a given set of requisite monitoring or
management actions. This will depend on the specific nature of the activities and the location within

which they are proposed.

Decisions regarding SGD should be considered in a ‘step-wise’ manner. If South Africa does
choose to proceed with exploration, and an economically and technically suitable reserve is
discovered in the future, due assessment of regional and cumulative impacts should inform decision-

making prior to commencing with production of gas in the Central Karoo at a significant scale.

Baseline and ongoing data should repeatedly be collected and fed back into the evidentiary base
to critically test decisions, the efficacy of management actions and scientific assumptions. As a
starting point, South Africa is in the advantageous position of being able to accumulate a baseline
dataset and start building or supporting the institutions capable of collecting, managing and analysing
that data in a responsible manner.
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Executive Summary

There is no history of exploitation of shale gas in South Africa, so this description of potential
scenarios and related activities is necessarily hypothetical and based on experience elsewhere,
interpreted in the light of what is known about the Karoo petroleum geology, its ecology and
social environment. Shale gas, the "unconventional resource” targeted by the petroleum sector, is
methane gas trapped in shale formations which have low permeability*. The gas is stored or "trapped"
under pressure in pore spaces, in existing fractures, and adsorbed on the shale particles. Hydraulic
fracturing is the process of applying hydraulic pressure to the shale until that pressure exceeds the
formation fracture gradient or fracture pressure. The hydraulic pressure is created using surface
equipment to pump hydraulic fracturing fluid through perforated well casing into the target shale
formation. When the hydraulic pressure exceeds the formation fracture pressure the rock breaks
resulting in millimetre (mm)-scale fractures. The fractures are kept open by solid particles (typically
sand) which is included in the hydraulic fracturing fluid. The trapped methane gas flows out of the
shale through the well casing perforations into the wellbore, as long as there is a pressure differential
between the source formation and the surface. Produced natural gas has a number of downstream
uses, including fuel for electricity generation and for refining to fuels and other hydrocarbon-based

products (including diesel, petrol and plastics).

Economically recoverable gas in the study area could range between 5 and 20 trillion cubic feet
(tcf). It is also possible that no economically recoverable gas reserves might exist. The shales of
South Africa’s Karoo Basin are known to contain gas. It is uncertain what the magnitude and
distribution of the gas reserves are. Igneous dolerite intrusions and the effects of Cape fold processes
are believed to have reduced the quantity of gas relative to what originally might have been contained
within the shales. Based on limited exploration data, there is reasonable agreement between several
assessments that have been made of the presence of shale gas in the Karoo Basin. Indications are that

gas is most likely concentrated in the area between the Cape Fold and the Nuweveld mountain ranges.

Three shale gas exploration and development scenarios of increasing magnitude are explored in
this chapter, relative to a Reference Case with no shale gas activities. The three shale gas
scenarios are: (i) exploration proceeds, with results indicating that production would not be
economically viable (i.e. all sites are rehabilitated, drilled wells are permanently plugged and
monitoring of the abandoned wells is implemented) (referred to as the “Exploration Only Scenario’);
(if) a relatively small but economically viable shale gas discovery is made, with downstream
development resulting in a 1 000 MW combined cycle gas turbine (CCGT) power station (referred to

! Shales are classically defined as "laminated, indurated (consolidated) rock with >67% clay-sized materials"
with grain size of <.004mm on the Wentworth Scale (Jackson, 1997).
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as the ‘Small Gas Scenario’); and (iii) a relatively large shale gas discovery is made, with
downstream development resulting in construction of two CCGT power stations (each of 2 000 MW
generating capacity) and a gas-to-liquid (GTL) plant located either at the coast or in Gauteng
(referred to as the ‘Big Gas Scenario’). This chapter describes both the Reference Case and the main
shale gas exploration and production activities (or impact drivers) through which the three defined

shale gas scenarios would materialise.

The Karoo is changing in response to a number of historic and current influences,
independently of shale gas development (SGD), and the resilience to further change varies
across the study area. Changes in climate are expected to increase the vulnerability of ecosystems
and thereby affect ecosystem services that contribute to social well-being. The effects of this and
other change factors will be offset, to varying degrees, by entrepreneurial economic and institutional

responses.

The description and quantification of the shale gas-related activities presented in this Chapter
informs the assessment of ecological and social risk addressed in other Chapters. For the
Exploration Only scenario, activities that will manifest as key impact drivers (i.e. those with greatest
influence on risk) include the operations of seismic exploration vehicles along networks of survey
transects across the study area, clearing of drilling wellpads and crew accommodation sites, the
construction of access roads and traffic (especially heavy-duty vehicles using these and public roads
throughout operations), rail and road transport of equipment and materials, water use, noise, light and
gas emissions, visual impact, generated waste and employment. These activities, plus the installation
of gas reticulation and processing infrastructure, will also manifest as key impact drivers for both the
Small and Big Gas scenarios; however, their scale will increase significantly relative to exploration,

particularly in the case of the Big Gas scenario.
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CHAPTER 1: SCENARIOS AND ACTIVITIES

1.1 Shale Gas: Introducing the unconventional

Shale gas is a hydrocarbon that consists mainly of methane (CH,). It is commonly used as fuel for
generating electricity, heating and cooking; it can also be converted to liquid fuels, polymers, and
other products (Holloway and Rudd, 2013). In order to assess the strategic implications of shale gas
development (SGD) within the study area it is necessary to understand what the SGD process life
cycle entails, what the main activities are that characterise each stage of the life cycle and how these
present as impact drivers that could pose risks to the receiving environment®. In turn, an
understanding is required of the ecological and social characteristics of the environment in which
SGD could materialise. Insight is also required of the petroleum geology of the study area in order to
understand where and in what amounts shale gas might occur. It is the aim of this Chapter to provide

this foundational context for the 17 chapters which follow in this scientific assessment.

In the sub-surface, hydrocarbon reserves are accumulated or trapped in reservoirs. These reserves are
commonly classified by the petroleum sector as either ‘conventional’ or ‘unconventional’. The
‘unconventional’ reserve designation is not strictly a function of geology, but may also be a function
of cost to exploit, development and production technology challenges (e.g. requirements for

horizontal drilling, hydraulic fracturing) and a suite of determinants of economic feasibility.

Hydrocarbon reserves require four basic components in order to accumulate in the sub-surface: (i)
source rocks (e.g. organic rich shales); (ii) migration pathways from the source rock; (iii) reservoirs
into which hydrocarbon product migrates; and (iv) trapping mechanisms. Conventional hydrocarbon
reserves are trapped within interconnected pores and/or fractures in sandstone and limestone rock
formations (i.e. the reservoir) with a confining or impermeable boundary that prevents hydrocarbon
migration (i.e. the trap). In response to exploration and development operations, the interconnectivity
of the pores, or permeability, allows the hydrocarbons to typically flow from the reservoir into a

wellbore, without the need for fracture stimulation (Figure 1.1).

Shale gas formations act as a source, a reservoir and a trapping mechanism. The gas is generated from
organic material in the shales and trapped within micro pores and existing fractures and adsorbed on
the individual particles of shale. Vertical and horizontal drilling of wells and hydraulic fracturing are

employed to exploit the shale gas. Unconventional gas is also contained within ‘tight” or less porous

% In the Scientific Assessment, the focus is on key activities that present as potential top order impact drivers;
i.e. those that warrant assessment at the strategic level. It would be the purpose of project level Environmental
Impact Assessment to address the many other activities that present as lower order impact drivers.
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rock formations that include some sandstones and carbonates (US Energy Information Administration
(EIA), 2013). Gas incorporated into coal seams (coal seam gas) also qualifies as an unconventional

hydrocarbon product.

Shales may have relatively high porosity but low permeability; therefore, the formation with
associated shale gas is stimulated to produce the trapped gas using a technique termed hydraulic
fracturing (popularly called “fracking’). This process entails typically drilling a well with vertical and
horizontal (lateral) sections into a gas-bearing shale formation to achieve maximum exposure of the
wellbore to the shale. Sections of the lateral well bore are selectively isolated; fluid pressure in these
sections is then increased using surface pumps until the pressure exceeds the shale formation's
fracture gradient. Millimetre-scale fractures are created whilst any existing fractures are enhanced
within the shale as a result of this hydraulic pressure. The fractures act as pathways for gas to flow out
of the shale and into the drilled well (House of Commons Energy and Climate Change Committee,
2011; Holloway and Rudd, 2013). Sand and other materials included in the fracturing fluid prop the

fractures open allowing the gas to flow to the surface via the vertical well bores (US EPA, 2012).

Many countries across the globe have gas-rich shale formations (Figure 1.2). In Europe, countries
have applied a range of policy approaches towards SGD. For example, France and Bulgaria have
banned fracking, whilst Poland and the United Kingdom have an ongoing programme of exploratory
drilling and testing of fracking (European Commission, 2015). SGD has occurred widely in the
United States of America (USA) where shale gas ‘plays’ such as the Barnett and Marcellus formations
are important targets for the sector. The onshore USA is unique in that a surface owner may also own
the mineral estate (or hold an exclusive development license), unlike most other countries where
national governments own the minerals (Kulander, 2013). SGD activities are prescribed, regulated,
and enforced at the local, state and federal levels (Williams, 2012). In South Africa the Mineral and
Petroleum Resources Development Act (MPRDA, 2002, as Amended in 2008) vests the ownership of
the country’s mineral resources, including petroleum, with its citizens. The State acts as custodian of
the resources, granting rights to third parties for exploration and exploitation whilst securing benefits
for the nation through fiscal arrangements (Norton Rose Fulbright, 2015). The gazetted MPRDA
Regulations for Petroleum Exploration and Production (2015) include specific regulations for shale

gas exploitation.
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Figure 1.1: Schematic
comparison between
conventional and
unconventional gas reserves
and extraction techniques
(http://worldinfo.org/2012/01/p
oint-of-view-unconventional-
natural-gas-drilling). Note:
conventional gas extraction
often involves the
establishment of horizontal
well sections; also,
unconventional gas extraction
may involve vertical wells
only. It is mainly the fracking
process that differentiates the
product extraction technique
(unconventional versus
conventional)

150°W 120°W 20°W 60°W

L
o o Wit

AN

a3 --,Q‘ i Q‘;\l‘

3
N,

=7

.

30°N
L

30°8
L

Legend
- Assessed Basins with Resource Estimate
Assessed Basins without Resource Estimate 0 1.000 2.000 4.000 6,000 8,000 e /'_
X e i Kilometers =5
Countries within Scope of Report .
“lo 1,000 2,000 4,000 6,000 8,000 el

l:| Countries outside Scope of Repaort Miles

60°S

T T T T T T T T T T T
150°W 1200W 20°W 60°W 30°W L 30°E 60°E 9W°E 120°E 150°E

Figure 1.2: World shale gas and oil resources estimated by the US EIA (2013).

Page 1-11


http://worldinfo.org/2012/01/point-of-view-unconventional-natural-gas-drilling
http://worldinfo.org/2012/01/point-of-view-unconventional-natural-gas-drilling
http://worldinfo.org/2012/01/point-of-view-unconventional-natural-gas-drilling

CHAPTER 1: SCENARIOS AND ACTIVITIES

As indicated in Figure 1.2 South Africa’s shale
gas reserves are likely to be concentrated in the
sediments of the Karoo Basin. With the exception
of the Southern Oil Exploration Corporation’s
(SOEKOR?’s) regional oil exploration program in
the 1960°s (Cole and McLachlan, 1994) there

have been no onshore shale gas exploration or

Box 1.1.  The geology of the Central Karoo

The geology of the study area comprises a
succession of sedimentary strata (mainly sandstone,
siltstone, mudrock and shale) that attain a
maximum combined thickness of some 5000 m in
the south of the main Karoo geological basin. The
sedimentary strata represent material deposited by

rivers draining into an inland sea over a period of
approximately 120 million years, between roughly
300 and 180 million years ago. Much of this
timespan brackets the periods in geological time
known as the Permian and the Triassic. To the
north-east into Lesotho, these strata are overlain by
lava intrusions that form the Drakensberg
Mountains. Except for an area along the southern
margin of the study area, dolerite intrusions are
widely present elsewhere. The sedimentary and
intrusive strata together form the geological Karoo
Supergroup.

production operations undertaken in the country.
This implies that the social (including economic)
and biophysical attributes of the Karoo are

currently unaffected by SGD.

1.2 The Karoo: Its coupled
ecological and social
characteristics

1.2.1 Ecological characteristics of the study area

1.2.1.1 Broad-scale ecological context

The areas in which the Karoo shale gas reserves may be concentrated are centred on the Nama Karoo
Biome (Figure 1.3). About 62% of the study area consists of Nama Karoo and the remainder is made
up of Grassland, Succulent Karoo and Albany Thicket biomes. The Succulent Karoo and Fynbos
elements are in the west of the study area, Grassland Biome occurs in the eastern part, while Thicket
occurs in the south-east. These patterns in biome distribution are explained largely by climatic
gradients, especially rainfall seasonality and amount. Geology and soil characteristics serve as
secondary local determinants of biome distribution and some of their distinguishing characteristics.
According to Cowling and Hilton Taylor (1999), 2 147 plant species, including 377 endemics (plants
which grow nowhere else), occur within a core area of 198.5 km? within the Nama Karoo Biome. This
is less than half the reported total for the less extensive Succulent Karoo Biome, indicating that the
broad-scale species richness of the Nama Karoo is relatively poor compared to at least some of the

adjacent biomes. Endemism is also relatively low and many species are shared with adjacent biomes.
Within the study area the presence of areas of Thicket Biome in the east and Fynbos in the west

increase the total species richness, and it is likely that these areas hold a disproportionate share of the

total diversity.
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Figure 1.3: Biomes of South Africa (Mucina and Rutherford, 2006), with the study area (including buffer
zone) indicated.

1.2.1.2 Surface water

The Karoo is a semi-desert environment, with a mean annual precipitation (MAP) that ranges from
100 mm in the west to 400 mm in the east (Figure 1.4). The median annual runoff is less than 60 mm
over most of the study area and falls below 10 mm for much of the western half (Schulze et al., 1997).
This assigns a premium value to freshwater resources that are critical, for example, for sustaining
local communities and their livelihoods. The western and south-western portions of the study area are
not only more prone to extreme but erratic rainfall and associated floods, but also to drought (Figure
1.5and 1.6).
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Figure 1.4: Mean Annual Precipitation (MAP) (mm) is the 50 year (1950-1999) average rainfall per
Quinary, determined froma 1.7 x 1.7 km grid of MAPs developed by Lynch (2004) with Quinary catchments
rainfall determined by techniques described in Schulze et al. (2010)

Figure 1.5: Annual Precipitation in a Year with Drought. A year with drought is defined here as one
standard deviation below the mean annual precipitation. The map shows a decreasing rainfall gradient from east
to west from around 500 mm to below 100 mm per year.
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Figure 1.6: Annual Precipitation in a Year with Severe Drought. A severe meteorological drought is defined
as 1.5 standard deviations below the mean annual rainfall, and the map shows around 60% of the study area
receiving less than 100 mm in such a year — indicative of the harsh climatic conditions existing in this region.

Set against rainfall data are evaporation rates that also show strong east-west gradients. Large portions
of the hotter, western part of the study area experience evaporation rates in excess of 1 800 mm per
annum. This reduces toward the cooler eastern part of the study area, although rates are still well in
excess of MAP (Figure 1.7).

The Great Escarpment (represented here by the Nuweveld Mountains) divides the study area into the
Lower Karoo in the south, at an elevation of less than 1 000 m, and the Upper Karoo in the north, at
an elevation above 1 000 m. The majority of the area north of the escarpment drains northwards via
the Riet, Sak, Ongers and Seekoei river systems into the Orange River (and then the Atlantic Ocean),
while those areas to the south of the escarpment contribute to the Gouritz, Gamtoos, Sundays and
Great Fish River systems that drain into the Indian Ocean. Surface water drainage systems in the
study area range from mainly perennial (flowing 11-12 months per annum) in the eastern portion of
the study area, to a mixture of ephemeral (flowing for 2-10 months) and episodic (flowing for 0-2

months) interspersed with perennial systems in the western portion.
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Figure 1.7: Potential Evaporation (PE) is an index of the atmospheric demand of water from a vegetated
surface that contains sufficient soil water. PE is directly related to solar radiation and wind, and inversely related
to relative humidity. Annual values are high, at generally over 1 600 mm and in parts of the arid west (even >
2 000 mm). The band of relatively lower PE running through the centre occurs over the cooler higher lying east-
west mountain range.

Although probably less than half of their extent has been mapped, surface water-associated
ecosystems account for about 5% of the study area. These are largely riparian ecosystems, although
there are also some wetlands associated with the endorheic pans of the Bushmanland and Upper

Karoo areas.

The sporadic rainfall events result in unreliable and unpredictable surface water runoff to rivers and
dams. Soil erosion results in sediment entrainment in runoff and accelerated siltation of dams, with
consequent reduction in storage capacity. These factors, coupled with the generally low MAP rates,
substantially raise the value of underground water resources, which are relied on for agricultural,

domestic and other uses over much of the study area.
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1.2.1.3 Groundwater

Groundwater occurs in saturated sub-surface
strata. The water derives from various sources
such as rainwater that infiltrates downward
through the unsaturated zone to the water table
(rainfall recharge), lateral or vertical inflow from
adjacent  groundwater

systems  (sub-surface

recharge) and inflow drawn from adjacent
surface water bodies (induced recharge). Rainfall
recharge represents the principal mechanism of
groundwater replenishment in the Karoo. In this
environment, it is typically assigned a value of
3% of the average annual rainfall (Van Tonder
and Kirchner, 1990)2. This water is referred to as
meteoric water, indicating that it is derived from

atmospheric sources.

In the Karoo, there is a critical dependence of
farming and human settlements on groundwater.
The development and exploitation of groundwater
resources for purposes of water supply require the
sinking of a borehole into sub-surface strata. Where
conditions are favourable, shallow groundwater is
typically encountered in weathered strata near the

surface. At greater depth, groundwater is
associated with fractured strata. The influence of
dolerite intrusions on the occurrence of

groundwater makes these structures the primary
targets for the positioning of a successful borehole.
The mineralogical composition of dolerite is
detectable by means of geophysical techniques. The
shallow aquifer (<300 m depth) is well researched
and fairly well understood. It supplies local
wellfields and farm boreholes. Deep groundwater,
including its connectivity with shallow aquifers, is
only poorly understood. Methane occurs naturally
in groundwater penetrated by a number of
boreholes in the study area.

The presence of deep groundwater sources in the Karoo (i.e. far below the usual drilling depth of farm

water supply boreholes) is inferred from thermal springs and data collected from a few very deep

wells drilled by SOEKOR.

The considerable pressure of the overlying rock
mass has the potential to drive some relatively
deep groundwater to surface, where there is a
pathway for this to occur, resulting in hot
springs. If released, the flow of water might
reduce over time as the pressure in the deep-
seated host strata dissipates through loss to the
atmosphere. In instances such as at Aliwal North
there is no evidence of a reduction in such flows

to the surface over time.

Deep groundwater is referred to as connate (fossil)
water if it was trapped in the rock strata when the
rock formed millions of years ago, in which case it
typically has a high dissolved mineral content and
is not replenished naturally. If the deep
groundwater derives from meteoric sources, it is
referred to as formation water and could be
replenished naturally often over long distances
from a distal recharge area, which generally makes
it less saline than connate water. The temperature
of deep groundwater generally increases with the
depth from which it rises. Groundwater from the
carbon-rich strata of the Whitehill Formation also
contains hydrogen sulphide.

Uranium occurs quite commonly in the south-western part of the Karoo Basin as shallow tabular ore
bodies in association with sandstones of the Adelaide Subgroup of the Beaufort Group (Cole,

® There will be considerable variation in replenishment factor (%) from place to place and between years, see
Hobbs et al. (2016).
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1998). The combined extent of these occurrences is sufficient to define the so-called Karoo Uranium
(metallogenic) Province, described by Cole et al. (1991) as extending from the north-eastern part of
the Western Cape Province across the south-eastern part of the Northern Cape into the southern Free
State. Four orebodies were subject to feasibility studies in the late-1970s. One of these, located 42 km
west-southwest of Beaufort West, showed an average ore grade of 1.5 kg /t at a depth of 13 m (Cole,
1998). Steyl et al. (2012) report that the results of various geochemical studies of fine-grained
sedimentary rocks of the Karoo Supergroup show that the shales are not enriched in possibly
‘dangerous’ elements, including uranium. In the context of SGD these authors do, however,

recommend further geochemical characterisation of the shale gas-bearing strata.

Murray et al. (2015) report concentrations in the range 0.002 to 0.041 mg /I in shallow Karoo
groundwater. These authors identified higher uranium and radon concentrations in the ‘shallow’
groundwater than in warm spring-waters rising from a maximum depth of ~1000 m. In a study
focussed specifically on the incidence of naturally occurring hazardous trace elements in groundwater
nationally, Tarras-Wahlberg et al. (2008) report concentrations of up to 0.539 mg /I in groundwater
sampled from old uranium exploration boreholes around Beaufort West and Sutherland and

concentrations of <0.016 mg U/I in water supply boreholes in the same area.

1.2.1.4 Ecological patterns and drivers

The study area is characterised by low (<1 m tall) woody shrublands with a variable grass layer. The
latter may become dominant on sandy soils or on cooler and wetter landscape units such as mountain
plateaus. Trees tend to be restricted to drainage lines and other localised moist habitats (Cowling and
Hilton Taylor, 1999). There has been considerable speculation regarding the proportion of grass in the
vegetation before European colonisation (Hoffman et al., 1995); however, it is clear that this varies
seasonally and over decadal time-scales according to cycles of drier and wetter summer rainfall

conditions; which are key drivers of vegetation patterns (Bond et al., 1994; Hoffman et al., 1990).

A key driver of vegetation patterns in South Africa, and especially within the more arid parts of the
country, is rainfall (Figure 1.8). The majority of the study area is arid and receives an average of
around 250 mm annual rainfall. Some areas such as the Tanqua Karoo, in the rain-shadow of the
Cederberg, receive less than 100 mm per annum. Rainfall seasonality is also important. Most of the
study area receives the greater proportion of its rainfall in summer, with some winter rainfall-

dominated areas occurring along the western margin (Figure 1.8).
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Despite the large increase in game farming in recent years, the largest area of the study area is still
used for domestic livestock grazing. Grazing by livestock or game is the primary determinant of

rangeland condition across the study area (O’Connor and Roux, 1995; Todd, 2006).

Figure 1.8: Dominant climate and physical drivers of ecological patterns and processes across the Karoo:
Patterns of MAP, elevation, daily mean maximum temperature for February and daily mean minimum for July
(the hottest and coldest months respectively).

1.2.1.5 Land use effects on ecosystems

Most vegetation types are still more than 98% intact in terms of structure and composition. The total
extent of intensive agriculture is less than 1% of the total area, restricted to the vicinity of the major
rivers (which are typically dry) including the Sundays, Buffels, Gamka, Kariega, Great Fish and
Groot Brak. The areas of intensive agriculture are, however, of disproportionate importance to

farming enterprises due to their high productivity compared to the surrounding landscape.

Concerns over the degradation of the study area as a result of agricultural practices have strongly
influenced agricultural policy over the past century (Hoffman et al., 1999). Game farming has grown
rapidly over the past 20 years. Many farming enterprises are mixed, with both game and livestock

managed on the same property; and in many cases tourism is an important farming enterprise.

Page 1-19



CHAPTER 1: SCENARIOS AND ACTIVITIES

1.2.2 Social and economic characteristics of the study area

1.2.2.1 Social and economic responses to a challenging biophysical environment

Remarkably, the relatively harsh biophysical environment of the study area does not appear to be a
major obstacle to social and economic development®. Although the causal factors of current
development cannot be stated with a high degree of certainty, an initial suggestion would include:
inherited infrastructure and diverse business services; investment capital and creative skills (Ingle,
2010a); land tenure arrangements that facilitate land sales, purchases, investment and consolidation;
public sector capacity, whether in provincial departments or municipalities; and human ingenuity in
turning local conditions into marketable assets (such as the “space, silence and solitude” of the Karoo

(Ingle, 2010b)) through entrepreneurial experience and skill.

1.2.2.1.1 Urban development and planning

The discussion that follows applies to the following geographic sub-regions of the study area (Figure
1.9):

e Great Karoo: the arid areas of the Central Karoo District Municipality (CKDM), Pixley ka
Seme District Municipality (PKSDM), the western part of Cacadu District Municipality
(CDM) and the western part of Chris Hani District Municipality (CHDM); typical towns
include Beaufort West, De Aar, Graaff-Reinet, Middelburg and Cradock;

e Eastern Cape Midlands: Towns located within commercial agricultural areas, but which are
not in the “Karoo proper”; here the environment is less arid and often quite mountainous; the
area includes towns such as Sterkstroom, Queenstown, Bedford, Grahamstown, Somerset
East and Fort Beaufort (these straddle the eastern parts of CDM, the western part of CHDM
and the western parts of Amathole District Municipality (ADM));

e Eastern Cape Traditional: Towns located within communal areas, such as Peddie, Lady
Frere, Alice (these straddle the eastern parts of CHDM and the central parts of ADM); and

e Sundays River Valley: The intensive agricultural areas near Kirkwood in the southern part of
CDM.

* Naturally, there are limits on development imposed by the capacity of key ecosystem goods and services (e.g.
water availability; see Sections 1.2.1.3 and 1.2.1.4)
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Figure 1.9: Geographic sub-regions included in the study area.

The gross domestic product (GDP) in the study area is generally low when compared to towns and
cities located outside the region. Nevertheless, the Great Karoo has shown an increasing economic
growth rate (around 4% per annum, albeit from a low base) and the economic growth rate of the
Central Karoo District is now consistently higher than the Western Cape Province (CKDM, 2012: 39).
The Central Karoo District, which is classified as a rural development “poverty node”, performs
significantly better than other poverty nodes elsewhere in the country over a range of indicators
(Business Trust, 2007:39). The study area has seen several towns growing in population and
economic resilience, while the economies of other towns have dwindled; this is due to a range of
dynamics, including new patterns of transport, markets, government services and entrepreneurial
innovation (Nel et al., 2011).

Economic strengths vary significantly from the extreme eastern parts of the study area towards the
west. In the Great Karoo, commercial agriculture, tourism and commerce are relatively well
developed (Lawson et al., 2013). Local economies are more diversified and infrastructure is generally
good, including banking, communication and roads. In the Cape Midlands and Traditional Eastern
Cape, the towns are generally less developed, with high transport costs, poorly developed markets and
poor telecommunications (CHDM, 2010:57). The share of government services as a proportion of
regional GDP is relatively low in the Great Karoo (around 10%) while in the extreme east it is much
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higher®. Levels of unemployment also vary along a west-east axis. In Central Karoo the
unemployment rate is about 31%, whereas in Chris Hani District it is pegged at about 57% (CKDM,
2012:45; CHDM, 2013:29).

A very high-level generalisation relating to urban development and planning is as follows: western
areas - more developed and economically diversified, higher levels of employment - contrast with

extreme eastern areas - less diversified, higher unemployment.

1.2.2.1.2 Population shifts

The Great Karoo has experienced population growth between 1996 and 2011, which in itself is not so
remarkable; however, an important phenomenon is that the annual population growth rate has
increased significantly during this period. This is most likely due to in-migration. From census data
gathered in 1996, 2001 and 2011 the population of the study area is estimated to be around 600 000
people, although this subject to fluctuations due to migration patterns (stepSA Regional Profiler,
2016).

In the extreme east, the study area borders on, and partly encompasses, areas of the Eastern Cape with
higher population densities. These areas (part of the former Transkei, with a proportion of land still
under tribal authority ownership) have higher densities in terms of settlements. Over the period 1996
— 2011 towns such Queenstown, Alice and Grahamstown (all on the border of, or just outside, the
study area) have shown relatively high population growth accompanied by significant out-migration
into surrounding rural areas (Department of Science and Technology (DST), Council for Scientific
and Industrial Research (CSIR), and Human Sciences Research Council (HSRC), 2015). Some of
these trends are depicted in Figure 1.10.

Pixley ka Seme District (De Aar area) had a negative growth rate between 1996 and 2001, which
became a positive growth rate between 2001 and 2011 (Atkinson, 2015). In contrast, the population in
Eastern Cape Traditional Areas is declining in absolute terms, largely due to out-migration, but also
possibly due to HIVV/AIDS mortalities (CHDM, 2010:37; ADM, 2015:21).

® Data in Chris Hani and Amathole District Municipalities do not differentiate between government and private
community services.
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Figure 1.10:  Population density, distribution and regional migration trends for Local Municipalities within
the study area (Population Distribution Indicator, CSIR (2014))

1.2.2.1.3 Tourism

There are many indications that the Great Karoo is increasingly providing tourism product and
growing tourism demand, in terms of ecotourism, interest in historical arts, cultural attractions, astro-
tourism, cuisine and other niche markets (Gelderblom, 2006; Saayman et al., 2009; Toerien, 2012;
Ingle, 2010b; Table 1.2). Overnighting by people travelling through the Karoo and business tourism
also add to the tourism demand. Although not limited to these centres, the Karoo Midlands towns of
Cradock and Somerset East have developed significant tourism sectors (Atkinson, 2012). Towards the
extreme east of the study area, tourism activity becomes much more isolated (e.g. Hogsback and

Stutterheim in ADM) and contributes much less to economic development and diversification.

Tourism is dependent on investment and marketing. In the Great Karoo and Karoo Midlands sub-

regions there is significant in-migration of investors (often retirees, or urbanites seeking an alternative
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quality of life (Ingle, 2013)). This phenomenon is less pronounced towards the eastern extreme of the

study area.

1.2.2.1.4 Agriculture

The western areas of the study area are primarily oriented to small livestock (goats, sheep, Angora
goats) producing a variety of meat, wool and fabric products. Stud farming is also well established,
with various regions presenting as hotspots for different stud farming foci (e.g. Middelburg) often
with associated business tourism (e.g. buyers attending auctions). In the Karoo Midlands cattle-
holding is increasing in scale (Development Partners, 2009:87). Farm sizes are increasing and more
efficient farming practices have maintained levels of productivity. There has been a renewed focus in
South Africa, and more specifically in the Karoo, on the re-innovation, transformation and
lengthening of agricultural value chains for the purposes of more equitable job creation. A shift is
underway from agricultural jobs to agri-processing jobs, such as with the wool value chain and the
manufacturing of wool products rather than exporting the bulk of raw wool. Also, there has been
exploration and introduction of crop types that thrive in arid and semi-arid areas such as the Karoo. A
successful example of this is the small rooibos tea farmers case study in the Northern Cape (China and
South-South Scoping Assessment for Adaptation Learning and Development (CASSALD), 2013).

There appears to be significant agricultural capital for investment in the Great Karoo and Karoo
Midlands with many farmers diversifying into game farming or privately owned game parks. Hunting
is providing increasing levels of revenue to farmers (Development Partners, 2009:118). There is

growing mutual support between agriculture and tourism due to farm-stays, ecotourism and hunting.

1.2.2.1.5 Economic sectors compared in key municipalities

The study area is largely defined by an agricultural economy (from a production perspective) and
characterised by commercial farms, interspersed with a variety of local and regional service towns,
nature reserves and conservation areas (Figure 1.11). For reasons of financial feasibility, farms are
quite large. Smaller farming units with intensive agriculture, sustained by irrigation, are established
next to major rivers. Towns such as Beaufort West, Graaff-Reinet, Middelburg, Colesberg and
Cradock are important regional service towns, accommodating the bulk of the population (DST, CSIR
and HSRC, 2015).

More than half of the towns in the study area include around 20% of households living in poverty, a

relative decline in working age population and a decline in formal economic production. This results
in increased levels of socio-economic vulnerability (DST, CSIR and HSRC, 2015). Within this
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context, even though service delivery improvements have been made in many towns, municipal

functioning is jeopardised by diminishing economic production and financial viability.

Although the study area is not a key national economic production zone, it is crossed by important
networks of national and inter-regional transport routes carrying a large volume of road and rail
freight. It is also crossed by a number of high voltage electricity corridors, with more planned. The
economic significance of this is likely to increase in response to the following:

o Large parts of the region fall within areas identified as ideal in terms of horizontal radiance
and annual mean wind power for potential solar and wind energy generation (a significant
number of green energy projects related to wind and solar energy are under consideration in
the area (Economic Development Department (EDD), 2014));

e Tourism through-traffic will continue to contribute to the economy given the range of natural
and cultural heritage and tourism attractions in the region;

e The N1 freight corridor will continue to increase in strategic economic importance; and

e The government’s Strategic Infrastructure Programme (SIP), which includes plans to upgrade
the road/rail/port elements of the Manganese Corridor linked to one or more Eastern Cape
ports, and support for greater connectivity between urban and rural areas and between major

centres for manufacturing and agri-processing.

These initiatives are expected to provide local job creation and enable regional economic growth
(EDD, 2014).

1.2.2.2 Municipal capacity and economic development

There is a difference between municipalities in the western/central and extreme eastern parts of the
study area, which is influenced by both a legacy of underdevelopment and current challenges with
regard to revenue sources and other factors. For example, Camdeboo Local Municipality has been
described as an effectively run municipality with one of the strongest balance sheets of all Eastern
Cape municipalities (Development Partners, 2009:153). The Integrated Development Plan (IDP) for
municipalities in Amathole District, for example, conveys that they face challenges in areas such as
infrastructure maintenance (ADM, 2015:108).

Municipal capacity as a determinant of development will be critical in future as many types of
investment (including mining, manufacturing, tourism and potentially shale gas development) depend
on municipal capacity. Critical municipal capacity required to implement, monitor and manage
complex investments include: waste water treatment, water pollution control, environmental pollution

control, air quality management, environmental risk assessments, occupational health and safety
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assessments, infrastructure safety, including pipelines and tankage, disaster management and noise
control (CHDM, 2013:73).

Figure 1.11:  Sectoral- and meso-scale economic production and mean employment growth for Local
Municipalities within the study area (Economic Production Indicator, CSIR (2014)). Note, although agriculture
does not present as making the highest contribution in terms of economic production, it plays a major role in job
creation and livelihoods within the study area.

1.2.2.3 The social fabric

Social fabric is a collective term for numerous complex and subtle social relationships. A few proxy
variables can be used to suggest the strengths and weaknesses of the social fabric in different towns

and rural areas in the study area.

One proxy variable is municipal-business collaboration. In some towns, such as Beaufort West and
Cradock, a relatively high level of collaboration can be found (Atkinson, 2012); however, this cannot
be generalised to other towns. One of the most successful towns is Somerset East where a vibrant
Local Economic Development Agency has attracted considerable capital and projects by working
closely with the Blue Crane Local Municipality. In contrast, frustration is expressed in the Amathole

IDP regarding public apathy in municipal IDP planning processes (ADM, 2015:118). These factors
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are highly complex and no easy comparisons or generalisations can be made; however, it is highly

likely that effective local leadership alliances can strongly boost the fortunes of a town or district.

A second proxy variable is the density of civil society organisations that provide opportunities and
support for local people (including the poor). In Beaufort West, for example, numerous local
organisations are active, with community membership and participation in church/religious and sports
structures being high (Wyeth and Webb, 2002:21, 47).

1.2.3 Reference Case - Imagined future without SGD

In the absence of SGD, which is defined for the assessment as a Reference Case scenario, the most
significant drivers of ecological change in the Karoo over the next 30 years will be climate change
and land use dynamics. Apart from an increase in average temperature, climate change is likely to
result in an increased frequency of extreme events such as drought and floods. These events are
deleterious to farming activities and either directly or in concert with land use and temperature
increase will ultimately have negative impacts on biodiversity. There are four land use effects that are
expected to exert most influence on ecosystem integrity: increased game farming, implementation of

land reform (not necessarily negative)®, renewable energy development and uranium mining.

Water resources are sensitive to the impacts of climate change. In the case of surface water, as rain
intensities increase, this will translate into greater degrees of flooding, erosion, sediment transport,
and therefore higher siltation rates within water impoundments. Groundwater resources are likely to
benefit from higher intensity episodic rainfall events, which can allow for above average recharge
conditions (Van Wyk, 2010). It is likely that the value of groundwater resources in an increasingly

arid Karoo environment will become greater compared to surface water.

In the Great Karoo and Midlands, private land ownership will enable access to finance and associated
investment in agriculture, tourism and other rural activities, which in turn stimulate economic
multipliers in towns. Cultural and ecological tourism in the Great Karoo and Eastern Cape Midlands
will grow steadily, giving rise to further economic diversification. In the extreme east, tourism is

expected to remain underdeveloped.

® Land redistribution will be relatively limited in the existing commercial farming areas. It is uncertain to what
extent land tenure reform may materialise in the traditional areas in the extreme east of the study area.
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Box 1.2:  Projected climate changes for the Karoo

Projections of temperature and rainfall for the Karoo are presented here based on the median (50"
percentile) of an ensemble of six dynamically downscaled Global Climate Models (GCMs) (Engelbrecht
et al., 2013; Engelbrecht et al., 2009; Malherbe et al., 2013)" 8. Change is expressed as an anomaly,
which is the difference between the average climate over a period included within the last several
decades (1971-2000) and the projected climate in the short- to medium-term (2021 to 2050). The
projected changes are based on Representative Concentration Pathways (RCPs), specifically RCP 8.5
and RCP 4.5 Wm-2 scenarios®, which assume different paths of development for the world
(Intergovernmental Panel on Climate Change (IPCC), 2013). RCP 4.5 describes a future with relatively
ambitious emission reductions, whereas RCP 8.5 describes a future with no reductions in emissions.
Emissions in RCP 4.5 peak around 2040, then decline; in RCP 8.5 emissions continue to rise
throughout the 21% century (Meinshausen et al., 2011; Stocker et al., 2013).

Temperature

Temperatures are expected to increase between 1 and 1.5 °C (RCP 4.5) and between 1.2 and 1.8 °C
(RCP 8.5) over the Karoo region. The increase in temperature is projected to occur in association with
an increase in the number very hot days (number of days when the maximum temperature exceeds
35°C).

Rainfall

Projected changes in rainfall are typically harder to detect than that for temperature, but it is likely that
South Africa will experience a reduction in annual rainfall amounts and an increase in rainfall
variability. Rainfall is expected to decline over the Karoo region, with possible slight increases along
the north-eastern border. Some areas of the Karoo may experience a slight increase in extreme rainfall
events in the future but this change needs to be interpreted in conjunction with evidence from historical
trends in extreme rainfall events. The number of dry days is also expected to increase further indicating

a drying trend in the region.

Commercial agriculture will become more sophisticated to ensure access to national and international
markets. The marketing of Karoo produce will become more effective, generating higher returns to
farmers. Many farmers will diversify into game farming, agri-tourism, hunting and other activities to
increase their economic resilience. It is possible that as tourism develops, more labour-intensive

services (such as restaurants and accommodation) will materialise. Importantly, towns will continue

" A projection is a statement of a possible future state of the climate system, dependent on the evolution of a set
of key factors over time (e.g. carbon dioxide emissions).

& An ensemble of models refers to a set of individual climate models used to project different (but equally
plausible) climate futures.

® Cumulative measure of human Greenhouse Gas (GHG) emissions from all sources; expressed in Watts per
square meter (Stocker et al., 2013).
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to grow as long as social grants are paid. Any reduction or elimination of social grants (e.g. due to
fiscal difficulties) will reduce growth in rural towns. It would reduce spending power and thereby

undermine local businesses.

Renewable energy solutions have become an affordable technology (South Africa International
Renewable Energy Conference (SAIREC), 2015). Apart from the larger renewable energy national
grid extensions, the beyond the grid smaller renewable energy opportunities have made isolated rural

communities more self-sustainable.

Information and communications technology (ICT) interconnectivity will become a significant socio-
economic development enabler. It will address many of the problems of remoteness as distance
becomes irrelevant. The advances in eHealth, eAgriculture, eEducation and even eGovernment (inter
alia) have the potential of turning around the declining economies of dying towns, potentially

reducing the numbers of youth migrating to cities (ITWEB, 2015).

Those towns within effective municipalities are likely to steadily grow their economic base. This will
stimulate further rounds of investment. Where municipalities are under capacitated, investment and
growth will be less pronounced. Commercial farmers will become primarily urban-based (in terms of
where they live), but are expected to develop their farm infrastructure in response to agricultural
diversification, also targeting rural tourism. These trends will be less marked in the extreme east of

the study area.

For the communal farming areas, there are two sources of economic promise: First, producer
organisations will empower local farmers to become more profitable with their current land holdings;
and second, that prosperous local farmers will gain access to more land (through a variety of rental or
collaborative schemes) and gradually become commercial farmers. There are significant economic
prospects for the arid Karoo, the more temperate midlands and for the communal extreme eastern
areas. In some cases, these potentials will be largely achieved if sufficient government and private
sector energies can be locked in. In some towns, economic development is likely to remain patchy and

vulnerable to economic shocks.

1.3 Petroleum geology in the Karoo

1.3.1 Geological features of the Karoo Basin

The main Karoo Basin is filled with sedimentary formations of the Karoo Supergroup, and covers an

area of approximately 700 000 km?, representing more than half the surface of South Africa. Within
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the study area, ~87% of the surface area comprises intercalated arenaceous and argillaceous strata of
the Beaufort Group (Figure 1.12 and 1.13). From a flat-lying morphology in its northern part, the
basin deepens and the sedimentary succession thickens towards the south-west, up to its interface with

the northern margin of the mountains of the Cape Fold Belt (CFB) Mountains.

Figure 1.12:  Simplified geology of South Africa showing the substantial extent of the main Karoo Basin
(light brown areas) deepening from the north-eastern interior to the south-central interior where it abuts against
the southern limb of the Cape Fold Belt (CFB); section line S-N through the study area marks the schematic
profile in Figure 1.13.

Sedimentary rocks of the Karoo Supergroup

The sedimentary formations are subdivided into groups that reflect variations in depositional
environment, rock type (lithology), position in the geological record (stratigraphy) and age
(chronology). At the base of the succession, and therefore the oldest, is the glacial deposit (tillite,
diamictite) of the Dwyka Group. This is overlain in turn by mainly fine-grained sediments (mudstone,
siltstone, shale) of the Ecca Group and, with the inclusion of subordinate sandstone, the Beaufort

Group.
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The  South
Stratigraphy (SACS, 1980) recognises Six

African  Committee  on
distinguishing features between the Ecca and
Beaufort groups that collectively are “.......
considered to reflect a major change in
environment, from deposition in a large
body of water, possibly marine, in the case
of the Ecca, to generally terrestrial, river-
dominated conditions in the case of the
Beaufort”. Periodic and cyclical deposition
is evident in much of the sedimentary
column throughout the Ecca and Beaufort
groups. Such strata are collectively referred
to as rhythmites.

The Ecca and Beaufort

themselves subdivided into formations on

groups are

similar grounds that define the groups. Of
direct relevance to this study are the carbon-
rich shales of the Prince Albert, Whitehill
and Collingham formations at the base of the
Ecca Group, which is why they are also
referred to as lower Ecca strata.

Middle to Lower Ecca Group
Albert,
Whitehill formations comprise the (Middle

The Prince Collingham and
to Lower) Ecca group. The formations
include carbon-rich shales ranging range in
depth below surface from about 300 m to
over 3 000 m. They include deep water

carbonaceous sediments, with the organic

Box 1.3.  History of petroleum exploration in the

southern Karoo Basin

The Southern Oil Exploration Corporation (SOEKOR)
was established in 1965 with the mandate to prove or
disprove the existence of economic amounts of oil and
gas in South Africa. Seismic surveys were initiated in
the southern part of the Main Karoo Basin, and
between 1965 and 1972 a total of some 13 000 km of
data was acquired (Fatti and Du Toit, 1970).
Exploration drilling that was undertaken in the same
period demonstrated the presence of gas within the
Ecca shales, with minor high pressure, low volume gas
shows having been encountered in most of the 12 wells
drilled in the southern part of the Karoo Basin (Rowsell
and De Swardt, 1976).

In 1976 a comprehensive study was initiated by the
Council for Geoscience (CGS) to investigate the oil-
shale potential of the Whitehill Formation on the
western flank of the Karoo Basin (Cole and McLachlan,
1994). Sixteen cored boreholes were drilled in the area
between Strydenburg and Hertzogville. The study was
subsequently extended to include all available borehole
logs and cores over the whole extent of the Whitehill
Formation, with the logs of 48 borehole and petroleum
exploration wells that intersected the Whitehill
Formation having been considered. It is these data that
form the basis of the majority of shale gas resource
estimates for the Karoo that have been made to date.

The Petroleum Agency SA (PASA) acts as regulator for
exploration and production activities and is also the
custodian of the national petroleum exploration and
production database. In 2006 PASA focused on locating
and assembling the geological and geophysical data
relating to the southern part of the main Karoo Basin.
In 2012 the agency also provided an assessment of the
potential shale gas resource with a view to determining
the reliability of the USA Energy Department’s 2011
estimate of 485 trillion standard cubic feet of
Technically Recoverable gas; an estimate of a best and
a lowest gas resource case was also presented (Decker
and Marot, 2012).

content thereof originating from biological matter that settled out of suspension in a low oxygen
environment. The reducing (anoxic) conditions assisted in preserving the organic matter — which

explains the origin of the shale gas contained, in places, within the sediments.
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Figure 1.13:  Schematic geological profile across the study area along the S-N section line in Figure 1.12,
illustrating the basin-like stratigraphic succession of Karoo Supergroup sedimentary strata in the main Karoo
Basin north of the Swartberg Mountains, the Great Escarpment formed by the Nuweveld Mountains, and the
underlying Cape Supergroup rocks that pinch out northwards against basement rocks (modified after Rosewarne
etal., 2013)

The shales have been severely affected by intense thermal maturation associated with deep burial, the
Cape Fold Belt tectonic folding processes and, in a large portion of the southern part of the basin, by
intrusion of igneous dolerite. An effect of these factors has been to severely reduce the capacity of the
shales to generate gas. The Collingham Formation overlies the Whitehill Formation and forms the top
unit of the shale gas target sequence. It varies in thickness from 30 to 70 m and comprises thin hard
bands of dark-grey siliceous mudrock that alternate with very thin beds of yellow weathering tuff.
Although it has been regarded as contributing to the potential shale gas reserve of the Karoo Basin,
Decker and Marot (2012) and Cole (2014a,b) exclude it due to insufficient data to substantiate the
presence of large areas of thick carbonaceous shales expected to incorporate organic carbon at levels
greater than 2%. The formation may, however, have some potential for localised gas development if

targeted in tandem with the underlying formations, such as the Whitehill Formation.
The Whitehill Formation directly overlies the Prince Albert Formation. It is black in colour and is

thinly laminated highly carbonaceous pyritic shale, which varies in thickness over its entire area of
distribution from 10 to 80 m. In the study area its thickness range is less extreme (35 to 43 m).
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Organic carbon values are consistently high, with up to 17% total organic carbon and averaging more
than 2% over large areas. It covers an area of 260 000 km? of which 66% (171 811 km?) lies within

the study area. It represents an attractive shale gas exploration target.

The Prince Albert Formation which overlies the Dwyka Group basement to the Ecca Group is highly
variable in thickness (35 to 150 m) and in the study area is characterised by dark grey carbonaceous,
pyritic splintery shale or mudrock. Organic carbon values are high enough over a large enough

interval to warrant its consideration as a shale gas target.

Intrusive rocks of the Karoo Supergroup

Development of the Karoo Basin terminated with eruption of the basaltic lava that would form the
present-day Lesotho Highlands. Some of the magma rising via vertical fractures and fissures did not
reach the surface, finding easier pathways through the horizontally bedded pile of sedimentary strata
to solidify as dolerite sills. Dolerite dykes represent solidification in the sub-vertical to vertical
pathways. The presence of these intrusions is recognised internationally as unique to the Karoo

(Norton Rose Fulbright, 2013), and collectively define the Karoo Large Igneous Province.

Radiometric dating indicates that the sills and dykes were intruded very rapidly within a period of
approximately 0.47 million years, or maybe even as a single event. While dykes manifest on the
surface as long sinuous bodies forming relatively narrow ridges or depressions, sills form the capping
of hills throughout the region (the Three Sisters hills being an example of this). Dolerite is absent
along the southern limit of the Karoo Basin within the compressive zone of the Cape Fold Belt where
this formative process has prevented the intrusion of sills and dykes. The concentration of dolerite
within the study area is illustrated in Figure 1.14 whilst the thickness contours of the percentage of
dolerite affecting the Whitehill Formation are indicated in Figure 1.15.

The dolerite structures represent the main targets for scientific groundwater exploration. Dykes in
particular are the feature most commonly targeted by landowners for successful water borehole siting,
whereas more prominent sill complexes are typically targeted for larger-scale municipal water supply
to towns such as at Victoria West (see Hobbs et al., 2016). One of the overriding factors used in
defining the potential reserves of the Karroo shale gas province has been the perceived negative effect
on gas retention of dolerite sills and dykes, especially in the Whitehill Formation. This is a function of
both contact metamorphism and gas escape via breccia pipes relating to the intrusion of dolerite sills.
These effects are additional to the loss of shale gas that will have occurred along faults during periods

of rebound and decompression associated with the Cape Fold structures. In places, the dolerites may
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provide secondary traps for gas that has migrated out of their source rocks during uplift of the basin

and the fall in pressure resulting from the opening up of escape pathways.

Figure 1.14:  Distribution of dolerite dykes and sills in the main Karoo Basin (CGS, 2013).

Figure 1.15:  Contours of the percentage of dolerite in the Whitehill Formation (CGS, 2013).
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1.3.2 Shale gas reserve models

A number of attempts have been made to assess the
shale gas or petroleum potential of the Karoo
carbonaceous shale sequences. In recent years seven
different assessments have been made, originating
both locally and from the USA. The most significant

results of these assessments are outlined here.

With the growing success of the shale gas industry in
North America, the US Department of Energy
commissioned a world-wide inventory of shale gas
reserves. The results, which were reported by
Kuustraa et al. (2011, 2013), are summarised in Table
1.1.

In 2012 PASA was tasked with providing an
assessment of the shale gas reserve of the lower Ecca
group of shales within the southern part of the Karoo
Basin (Decker and Marot, 2012). In the assessment,
account was taken of key geological risk factors (e.g.
the implications of dolerite intrusions). The PASA
assessment considered three scenarios. Scenario 1:
that gas was producible from all three of the target
zones (Prince Albert, Whitehill and Collingham
formations); Scenario 2: that the Collingham
Formation would not be prospective; and Scenario 3:
that only the Whitehill Formation would contain
sufficient gas to be productive. The results of the
assessment are summarised in Table 1.2, which
presents estimated shale gas volumes that have been
adjusted to include only the study area. The areal
extent of the three scenarios is shown in Figure 1.16,

with the study area superimposed.
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Box 1.4.  Technically recoverable
resources versus economically recoverable
resources

Technically recoverable resources represent
the volumes of oil and natural gas that could
be produced with current technology,
regardless of oil and natural gas prices and
production costs.

A large number of direct sub-surface
measurements (depth, mineralogy, total
organic content, thermal maturity, etc.)
gathered by current drilling technology need
to be undertaken to quantitatively calculate
technically  recoverable gas  reserves
(McGlade et al., 2013).

Economically recoverable resources are
those that can be profitably produced under
current market conditions. The economic
recoverability of oil and gas resources
depends on three factors: the costs of drilling
and completing wells, the amount of oil or
natural gas produced from an average well
over its lifetime, and the prices received for
oil and gas production (US EIA, 2013).
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In 2014 the South African Council for Geoscience (CGS) conducted a shale gas reserve assessment as
part of a study dealing with the potential impact of hydraulic fracturing on groundwater (Cole,
2014b). The approach used was based on contoured values of shale gas variables derived from
petroleum exploration wells. For a preferred area of 21 815 km? accounting for various limiting
criteria (e.g. dolerite content < 20%), the shale gas reserve estimates provided for the Whitehill and

Prince Albert formations are 13 and 72 tcf, respectively.

Table 1.1: US Department of Energy assessment of South African shale gas reserves,
reported by Kuustraa et al. (2011, 2013).
US Dept. Main Karoo Basin Main Karoo Basin World ranking of
Energy Risked Gas in-Place Technically recoverable estimated RSA
Report Date (tcf) gas (tcf) Reserve
2011 1834 485 4" largest
2013 1559 390 6" largest

Notes: tcf = trillion cubic feet of gas; the estimates are cumulative for the Prince Albert, Whitehill and
Collingham formations; the lower estimate of shale gas reserve reported in 2013 accounts for the
potential negative effects of dolerite intrusions, which were excluded as an influencing variable from the
2011 assessment; the area to which the analysis is applied is considerably smaller than used in estimates
made by PASA.

Table 1.2: Different estimates provided by PASA for shale gas reserves contained within the lower Ecca
Group of shales (Decker and Marot, 2012). The estimates presented here reflect volumes adjusted to correspond
with the study area.

Prince Albert
Target formations of the Ecca Whitehill & Prince Albert & Whitehill Formation
Group Collingham Whitehill formations Only
formations
Risked gas in place (tcf) 1722 1408 159
Technically recoverable gas (tcf) 455 377 32
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Figure 1.16:  Areal extent of the reserve estimates considered by PASA contained within the lower Ecca
Group of shales (Decker and Marot, 2012).

Drawing from various sources, Geel et al. (2015) prepared a shale gas reserve map for South Africa.
Accounting for factors such as reserve maturity and depths and thickness of the Whitehill Formation,
the authors define prospective shale gas areas and estimate potential recoverable free gas volumes in

the Karoo Basin of between 19 and 23 tcf, with the latter volumes based on gas recovery success

factors of 30 and 50% respectively®.

1% In the USA, with maturing shale gas technologies, a 20% gas recovery rate from shale is generally assumed,
with the number slowly trending higher (Tom Murphy (n.d.) Penn State University, review comment). Recovery
rates of between 30 and 50% may be feasible accounting for expected technological advances between now and
when shale gas exploration and production could materialise in the study area.
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An assessment of shale gas reserve potential was undertaken by PASA as a specific contribution to
this Chapter (Mowzer and Adams, 2015). The authors provided both deterministic and probabilistic
shale gas reserve evaluations. A distribution curve was generated, with several defined value points
identified. In Figure 1.17, P50 is presented as the “best” area of prospectivity, with an estimate of the

reserve potential for this area ranging between 36 and 44 tcf.

Figure 1.17:  Prospectivity map for the Whitehill Formation (after Mowzer and Adams, 2015)™.

The different approaches adopted for the reserve assessments outlined above make direct comparison
of the results difficult. However, to the extent that this is possible, there is reasonable agreement
between the results, in that much the same range of ‘shale gas in-place’ and ‘technically recoverable’
reserve quantities are presented. Accounting for the study area, where the depth to the top of the
Whitehill Formation is at least 1 500 m a reserve estimate can be made for this formation, ranging
between 17 tcf and 81 tcf. To this volume of gas can be added what might be contained within the
underlying Prince Albert Formation for the same area, which Cole (2014 b) suggests could range
between 54 tcf and 72 tcf.

1 In this context, prospectivity refers to mineral potential - based on mineral exploration data - often depicted
graphically in map format.

Page 1-38



CHAPTER 1: SCENARIOS AND ACTIVITIES

For both formations within the study area, where the depth to the top of the Whitehill Formation

exceeds 1 500 m, the total technically recoverable shale gas reserve could range between 71 and 153

tcf. Taking a conservative approach regarding estimates of economically viable volumes of shale gas

that might be available for downstream development and production, the Small Gas and Big Gas

scenarios considered for the scientific assessment are 5 and 20 tcf, respectively*?.

According to the Onshore Petroleum Association of
South Africa (ONPASA) (based on

provided for this assessment) approximately 10% of the

information

total study area could yield technically recoverable
concentrations of shale gas. It is further contended by
the companies involved that only a fraction of this 10%
is likely to be targeted through
SGDs that

exploration to production. The area most likely to be

relatively few

economically  viable proceed from
targeted includes the central and eastern/north-eastern
parts of the study area, roughly indicated in Figure 1.18.
It is considered most likely that the economically
recoverable shale gas reserve quantified above would be
contained within the beige- and red-shaded areas
indicated in the figure. The red-shaded area within the
central part of the study area is considered to have the
highest probability of yielding the greatest volume of
shale gas, whilst the blue-shaded areas offer the lowest

probability.

Box 1.5.  Economically recoverable gas in
context
To put into context the magnitude of

economically viable shale gas assumed for
the scenarios included in this scientific
assessment, reference can be made to recent
discoveries of conventional gas in
Mozambique and Tanzania.

Mozambique holds over 100 tcf of proved
natural gas reserves, up from 4.5 tcf a few
years ago. This positions the country as the
third-largest proved natural gas reserve
holder in Africa, after Nigeria and Algeria.

There have been several major natural gas
discoveries made in offshore southern
Tanzania since 2010. The country has proven
reserves totalling about 50 trillion cubic feet
of gas.

The volumes of economically viable shale gas
assumed for this scientific assessment are
considerably lower than for the above
examples (of conventional gas).

Sources: Oil and Gas Journal. Wood Mackenzie. US
Energy Information Administration. Oxford
Institute for Energy Studies.

12 South Africa’s draft unpublished Gas Utilisation Master Plan (GUMP) suggests a conservative estimate for
recoverable reserves of Karoo shale gas of 9 tcf. The range assumed for this study (5 — 20 tcf) spans the GUMP

estimate.
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Figure 1.18:  SGD prospectivity map for the study area generated by overlaying 4 existing reserve models
generated by the U.S EIA (2013), the CGS (2014), the PASA (2015) and Geel et al. (2015). Based on this
overlay approach, the solid red polygon, followed by the yellow/beige-shaded area, is considered most likely to
yield technically recoverable shale gas. In stating this, it is acknowledged that the reserve models that are used
each draw from a very limited data set.

1.4 Shale gas exploration and production scenarios

1.4.1 Typical shale gas project life cycle

Five distinct stages are recognised in a typical life cycle for a shale gas project (Figure 1.19)*. These
stages progress from geological studies to discovering hydrocarbons to installing infrastructure for
producing gas (National Petroleum Council, 2011). Also included is decommissioning at the

conclusion of exploration and production, addressing all aspects of environmental rehabilitation.

3 These stages are preceded by permitting and authorisation phases. For example, the MPRDA (Section 5A of
Act 28 of 2002/2008) requires Environmental Authorisations for seismic, exploration, development and
production operations (in the form of an Environmental Management Programme (EMPr)). Other permits and
authorisations also apply.
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Certain stages lead to a decision, where investment choices are made about whether or not to proceed
to the next stage™®. Decisions are informed by technical and economic criteria, among other factors.

Exploration is the first stage in the search for hydrocarbons (shale gas, in the case of this assessment).
Amongst other activities, it involves mapping and imaging the sub-surface geological structures,
primarily through seismic surveys. Seismic surveys are typically conducted in a phased manner
during exploration and also in stages during development of gas fields for production. Regional
seismic surveys, usually comprising two-dimensional (2-D) seismic acquisitions, are normally
conducted during initial exploration campaigns with the aim of furthering understanding of the sub-
surface geological structure and identifying prospective zones for the next phases of exploration.
More sophisticated three-dimensional (3-D) seismic surveys are typically commissioned during
subsequent stages of exploration and/or development and production planning™. The intensity of the
surveys (e.g. density of seismic lines that are surveyed on a per km? basis) tends to increase for each

subsequent stage of seismic exploration, especially as areas are prioritised for drilling.

Figure 1.19:  Typical life cycle of a shale gas project (adapted from National Petroleum Council, 2011)

“ Internationally, license conditions often impose minimum operational commitments (e.g. a certain number of
wells to be drilled), which can require a license holder, for example, to proceed with operations beyond the
exploration phase.

153-D seismic can also be used as the initial approach to seismic investigation.
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1.4.2 Imagining SGD scenarios

There are a number of constraints to knowing whether, to what extent and in what form SGD might
materialise within the study area. Most significant in terms of responding to these constraints is the
limited understanding of the magnitude and distribution of potential technically recoverable shale gas
reserves that could be targeted for exploration, development and production. It is clear that if
exploration does not reveal technically recoverable reserves that can be exploited economically,
activities will not proceed further and decommissioning will be implemented. If the converse

materialises, development may occur, and it could take several alternate forms.

Although there is no way of knowing what SGD developments will actually materialise at this stage,
this does not diminish the need for strategic assessment of plausible possibilities to guide future
planning. To deal with high levels of uncertainty regarding fundamentally important, but currently
unknown determinants of future outcomes of SGD, the use of scenarios provides a platform from
which to proceed with the assessment®. Three SGD scenarios are proposed, which are additional to
the Reference Case scenario already described. The Exploration Only scenario identifies the study
area as having no potential for SGD and production, as might be revealed through extensive
exploration and the results of appraisal that do not indicate economic breakeven possibilities. The
Small Gas scenario identifies modest downstream SGD potential in the central region of the study
area where current understanding of the petroleum geology suggests there is greatest probability of a
technically recoverable reserve that could be exploited economically. The Big Gas scenario, also
located in the central region of the study area, identifies large-scale downstream SGD potential,
extending beyond the development considered for the Small Gas scenario. An important aim of the
scientific assessment report is to consider the risk implications of these scenarios compared to the

Reference Case scenario described in Section 1.2.3.

The scenarios outlined above provide the basis for the description and quantification of SGD activities
that will be presented next. In this regard the prologue to the description of each suite of SGD
activities that is described captures the essence of an imagined situation within the SGD sector
operating within the study area, playing-out in the future in 2050. The ‘run-time’ of approximately
35 years from present (2018) allows for the anticipation of plausible established states that might be

achieved for the scenarios under consideration.

18 According to Hlbury and Sunter (2001) scenarios, which deal with uncontrollable determining variables,
anticipate plausible future situations. Based on current knowledge of the petroleum geology of the study area,
the three SG exploration and production (E&P) scenarios presented here are considered sufficiently plausible to
warrant assessment. Largely due to the probable effect of intrusive dolerite on compromising the integrity of gas
that might have been previously been contained within the shale formations (i.e. before the intrusions), it is
considered implausible that SGD could materialise beyond what is stated as the Big Gas development scenario
(see below).
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In the following sections, description of the ‘upstream’ (i.e. prior) SGD activities associated with each
of the three scenarios is structured in a ‘cumulative’ format: the Small Gas scenario assumes all the
activities that took place in the Exploration Only scenario, and the Big Gas scenario assumes all
activities in the Small Gas scenario (and thus the Exploration Only scenario). Through this approach,
the activities are presented as an exploration, development and production continuum (Figure 1.19).
This approach avoids unnecessary repetition in the description of activities that are common to

different scenarios.

Certain SGD activities described are fundamental to this scientific assessment and are expressed and
quantified as impact drivers in the sections in which each of the individual scenarios are described.
Although the quantification of many of the impact drivers can be anticipated with a relatively high
degree of certainty, it is inevitable that assumptions need to be made. Where applicable, these
assumptions are expressed in the form of ranges in the quantification of activities. The information
that is presented is structured to allow for appreciation of the strategic implications of the SGD
activities, both individually (e.g. in the context of a specific scenario) and cumulatively through their

association with activities that could follow one after the other across a typical SGD continuum.

1.4.3 Exploration Only

1.4.3.1 Scenario statement

A scenario that could result from shale gas activities proceeding only as far as the exploration phase

can be expressed as follows:

Box 1.6.  Exploration Only scenario

In 2050 all shale gas activities in the study area have ceased. This follows a period of relatively intensive
exploration that was initiated in 2018, which continued until 2025 when it was concluded that the shales within
the area contained no economically viable gas reserves. Exploration activities included a limited seismic survey
campaign followed by drilling activities, with some fracking, at five targeted locations. Since 2020 a primary
focus of South Africa’s electricity and petrochemical sectors has been on the use of liquefied natural gas (LNG)
imported as feedstock for power generation and liquid fuel production. Also since this time, wind and solar
energy projects in the Karoo have continued to make an important contribution to meeting the country’s
electricity demand. An environmental audit of all shale gas exploration activities in the study area, undertaken
in 2048, showed that rehabilitation has fully achieved the targets specified in the project Environmental Impact
Assessments and accompanying Environmental Management Programmes. Environmental monitoring will,
nevertheless, continue for at least another decade.
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The suite of exploration activities contributing to this scenario is discussed below. The discussion is
structured to describe the main activities that would be involved, the various assumptions regarding

when and where the activities might be scheduled and their quantification as impact drivers.

1.4.3.2 Exploration activities

Exploration activities within a shale gas licence area would be preceded by a number of permitting
and authorisation requirements. Important in this regard is the securement of Environmental
Authorisation to proceed with exploration projects based on the outcome of Environmental Impact
Assessments (EIA) and accompanying Environmental Management Programmes (EMPr) aimed at
identifying and ensuring the achievement of impact avoidance or mitigation and benefit-
enhancements to which project proponents commit and are legally bound. These processes address
social, health, economic and biophysical issues of relevance to all exploration projects that are
undertaken®’. With the necessary permits and authorisations in place, a Rights Holder will undertake
the scope of exploration that is required. Typically, a considerable lead time is scheduled for

mobilisation of contractors and equipment to site.

Exploration field activities within the SGD sector can be broadly differentiated into seismic

acquisition and exploration drilling, which are discussed below.
1.4.3.2.1 Seismic surveying

1.4.3.2.1.1 What seismic surveying entails

The overall objective of a seismic acquisition programme is to identify drilling targets (Robinson and
Coruh, 1988; Busanello et al., 2014) with a primary focus on formations expected to yield
hydrocarbon product (Nolen-Hoeksema, 2014). Other objectives are to identify the depth and
thickness of the shale target, drilling and other hazards (dolerite dykes, faults, breccia pipes), fractures
and their density, direct hydrocarbon indicators, (estimate) minimal hydraulic fracture pressure, and to

inform the design of additional seismic acquisition and drilling programmes.

A seismic survey is in effect an echo sounding technique (Short, 1992). An acoustic pulse is initiated
from a surface location, with reflection occurring at the boundaries of rock layers. This results in the
seismic pulse traveling upwards as a reflected wave front. The sub-surface response is recorded by an

array of receivers placed on the land surface. Travel time to the reflectors and the velocity of

7 Application also needs to be made for various licenses pertaining to planned activities; e.g. a Water Use
License.
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propagation of the reflected acoustic pulse are analysed to develop a picture of the sub-surface

geology.

There are four basic components of land seismic survey operations (Box 1.7):
e Location: planning the location and configuration of a seismic programme.
e Source: the means of transmitting sound (acoustic) energy into the sub-surface.
o Receivers: gathering the sound energy as it is reflected by changes in rock properties in the
sub-surface (typically using geophones).

o Recorder: a device for storing received data, which is then downloaded for processing.

Box 1.7:  Main components of seismic survey operations
(drawing mainly from information provided by Short (1992)).

Location:

Seismic surveys are typically performed on a pre-determined set of accurately geo-referenced
‘seismic lines’. These lines are established for an initial regional seismic survey. For areas of specific
interest, they are supplemented in follow-up surveys. ‘Line-clearing’ is the generic term used to
describe the process of defining and making accessible the corridors (seismic lines) along which the
survey is carried out. The aim is to provide for access of pedestrian and vehicular traffic along the
lines and, where necessary, to provide line-of-sight between geo-referenced survey control points and
the series of locations where seismic data acquisition is planned. The seismic lines tend to be straight
and regularly spaced, although some deviational tolerance can be accepted in gaining access to the
data acquisition point (e.g. to avoid a particular landscape feature). In forested and densely vegetated
environments, line-clearing can be an intrusive operation with considerable scarring of the vegetated
landscape; however, in open environments, where access and line-of sight considerations are not
significant constraining factors, there is minimal actual clearing (if any) of vegetation along the lines.
In open terrain, the seismic lines tend to bear relatively light loads of traffic involving vehicles used to
deploy and retrieve equipment and crews. Where possible, data acquisition points are accessed using
existing roads and paths. Specific vehicular driving techniques are employed, such as reversing versus

turning around, to minimise environmental disruption.

Mapping is carried out (e.g. in the form of an overlay of the planned seismic lines on cadastral and
land use maps) in advance of seismic survey operations. Account is taken of factors such as
impassable terrain, restricted access areas (e.g. conservation areas, wetlands) and other obstructions
(built areas, rough terrain). Amongst other authorisations involved in planning the location of a
seismic survey, land access permission is secured and road-use permits are obtained from the surface

owner along with provincial, district and local traffic authorities.
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Seismic Sound Source:

During surveys, seismic waves are generated at or near the Earth’s surface and travel though the rock
formations, potentially up to a maximum depth of 10 km (Nolen-Hoeksema, 2014). In the study area
the maximum depth of interest would extend to about 6 km. Land seismic surveys rely primarily on
two types of seismic sources: explosives and mechanical sources of vibration (most commonly
produced by “vibroseis’ trucks). Surveys may be conducted using one or both approaches to seismic
sound source generation, with the choice depending on several factors including geophysical
objectives, cost and environmental constraints (Bagaini et al., 2010).

The choice of energy source is critical in data acquisition because resolution quality is largely
determined by the source characteristics. A geophysicist would select the seismic source based on the
following criteria:

o Penetration to the required depth: a source is selected that produces adequate energy to
illuminate the target horizon/s at their particular depths.

° Bandwidth for the required resolution: if high resolution reflections are required to
delineate subtle geological features, the source must transmit a broad range of
frequencies, from high to low. For shallow targets, explosive sources possess adequate
energy and frequency bandwidth; for deeper targets, the longer travel path to a deep
reflector requires the selection of a source that has enough energy at the higher
frequencies to maintain a broad reflection bandwidth.

o Environment: Areas with sensitive receptors will dictate the buffer and safety

requirements and the selection of the source.

There are other technologies that could be used in parallel with seismic surveys (e.g. gravity surveys,
magnetic prospecting, magneto-tellurics and passive seismics). The geological information derived
from these surveys, some of which are done from aircraft (including drones), is typically

complementary to the seismic information derived from conventional methods.

Seismic Receivers:

Seismic waves propagate from the source and travel through geological layers. At the contact from
one type of rock to another there is a change in physical properties and it is at these interfaces that
some seismic energy reflects back to the surface where seismic receivers (electromechanical devices
called geophones) detect the reflected energy (Nolen-Hoeksema, 2014).
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Individual geophones are wired together and configured in arrays along a cable. There are two basic
types of geophone cable systems: analog- and telemetry-based. The analog systems have a pair of
wires for each geophone group and several additional pairs of wires for ‘roll-along’, which allows for
setting of the pulses and recording to proceed efficiently (i.e. geophones that have finished recording
are picked up behind the shot and moved into position in front of the rolling data acquisition process).
If the cables are too long the signal may be attenuated through various causes. These problems are
overcome using telemetry systems, which have an analog connection from the geophone group to a
processor. The processor or station box amplifies, filters, digitises and transmits the signal to the
recording facility by wire, optical fibre or radio. Hybrids of these two systems can be used to
accommodate varying field conditions (Stoker et al., 1997). New wireless systems are evolving and
being used, which require little or no need for cabling. In terms of managing environmental impacts,

this diminishes the need for clearing lines to lay cables.

The seismic source that is triggered and reflected propagates in a pattern that interweaves with the
array of receivers. Where the geophone arrays are set up in line with the sound source, this allows for
a 2-D profile of the sub-surface geological structure to be generated (i.e. a ‘slice’ through the rock
strata). If the source moves around the receiver line, causing reflections to be recorded out of the
plane of the in-line arrangement of receivers, generation of a 3-D image is possible (the third
dimension being distance, orthogonal to the in-line receiver line; Stoker et al., 1997). For 2-D surveys

geophones are deployed in multiples of 100s; for 3-D surveys, deployment is in multiples of 1 000s.

Seismic Recorders:
Once a seismic signal is transmitted and received it is recorded. This trace data along with metadata
(e.g. the geographic co-ordinates of the seismic sound sources and receivers) is then transferred to

processing centres.

Personnel setting up a seismic data collection system which
includes a small recording box, a battery, and an array of
geophones. Fibre optic cables laid out in a grid pattern over
the survey area transmit the signal from the recording box to
the recording truck (Source: Shell).
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For the areas in which seismic surveys are undertaken, the activities about which insight is necessary
for the purposes of this assessment are those related to the generation of the seismic sound source®. In
this regard, the assumed main approaches that would apply to the study area include the shot-point
method and the use of vibroseis trucks. Factors that come into consideration when deciding on the
energy source include: (i) required energy to obtain adequate information for desired depths; (ii)
produced reflection pulse; (iii) convenience and safety; (iv) signal-to-noise ratio; (v) repeatability; and
(vi) total costs (Suarez and Stewart, 2008).

The shot-point method of creating shock wave energy is used, amongst other reasons, in areas where
the deployment of vibroseis trucks (see below) is not an option. It would probably be considered for

use to some extent within the study area.

The vehicles used for a shot-point seismic programme include a number of truck- or track-mounted
drill rigs, a recording truck and several light pickups or stake-bed trucks for transporting crew and
light equipment™. The drilling rigs create small-diameter holes up to several metres deep
(between 3 and 8 m)®. Different shot hole depths are associated with different charge sizes that are
used. Drilling water, when needed, is obtained from the nearest approved source. To avoid
contamination potentially attributable to the explosives that are used, water-bearing zones are sealed
with bentonite gravel that is either poured directly down the hole or is placed down-hole in
biodegradable cardboard tubes. A light helicopter is often used to move cabling, data boxes,

geophones and other light equipment to workers on the ground.

An explosive charge is placed in the hole, which is back-filled with drill cuttings (the material
excavated from the shot hole). Before the charge is detonated the fill is tamped down to secure the
charge. A ground crew is tasked to work through the area and set off the sources in sequence and
retrieve equipment such as geophones, markers, etc. Detonations are often triggered (and/or effects
measured) using a radio-controlled unit located in a nearby recording truck. Detonations are contained
within the hole to force the generated energy downward through the rock strata. As a result, the only
sound heard above ground is a dull thud. There is strict adherence to regulations and safety

requirements regarding handling and detonation of the explosives that are used.

Vibrator or vibroseis trucks are mobile seismic sound sources (Figure 1.20) designed to do away with
the need to drill shot holes and the complex process of detonating explosives, and to reduce safety and

security risks relative to the shot-point method. These advantages are, however, offset by other

18 Other activities associated with geophysical surveys impinge relatively less on the environment.
9 In some situations, hand augers are used to drill the shot holes.
? In rugged topography a portable drill may be deployed by light all- terrain vehicle (ATV) or by helicopter.
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impacts on the environment (e.g. vehicle passage width, which exceeds that of vehicles used for the
shot-point method). The trucks can be equipped with special tyres or tracks for deployment in a range
of environments; although terrain can impose limits to their operation (e.g. they can’t work in steep
mountainous areas). They would probably be used at least as extensively as the shot-point method

within the study area.

During operations, the vehicle moves into position and lowers the baseplate to the ground. Seismic
vibrators fitted to the trucks produce ground motion that propagates into the sub-surface (Bagaini et
al., 2010). The vehicle operator can make the piston and baseplate assembly move up and down at

specific frequencies thereby transmitting energy through the baseplate and into the ground.

Vibroseis trucks can be employed individually or as a group, often with four or more trucks operating
simultaneously. After the prescribed number of sweeps is completed, the baseplates are raised and the
vehicles move to the next location, typically a distance of 10-50 m. Productivity, or the number of

seismic traces recorded in a given time, is increased by using more than one fleet of vibroseis trucks.

Figure 1.20:  Seismic vibration (vibroseis) truck (Source: Shell).
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1.4.3.2.1.2 Keyimpact drivers of seismic exploration

The objective of an initial seismic acquisition

programme in the study area would be to
contribute to the understanding of the sub-surface
geology of the Karoo Basin including its
depositional environment, the tectonic activity
that it has been subjected to and the presence of
igneous intrusions including dykes, sills, breccia
pipes and hydrothermal vents. The objective
would also be to gauge the presence and
distribution of potential shale gas plays.

Subsequent seismic surveys would support,

minimise or eliminate further exploration,

including drilling programmes. Figure 1.21:  Ground impression left by the
vibrator pad of a vibroseis truck
(Source: Shell).
Initial seismic operations would likely be

completed in the first 3 years following the issuance of exploration rights (Figure 1.19). This could be
followed by subsequent surveys conducted over a number of years, throughout the development and

production cycle?.

The areas where seismic surveys might be undertaken in the study area are indicated in Figure 1.22
(derived from the information presented in Section 1.3.2). Only a small fraction (< 1%) of this area
would be impinged upon directly through surveys conducted along quite widely spaced grids (e.g. 10
km spacing for a regional 2-D survey) of seismic lines (< 5 m wide, which is the width of the vehicles
that traverse the lines). Exclusion areas indicated in the figure (solid grey-shaded) include municipal
areas, conservation areas, wetlands and riparian zones, restricted activity zones and topographically
complex landscapes, for example, where slopes exceed 10°%. There are likely to be other exclusion
areas within the study area, additional to those indicated in Figure 1.22. A closer grid spacing (e.g. 1

km or narrower) would be used for targeted areas, where 3-D surveys are commissioned.

Various towns distributed across the study area would be used to support the seismic survey activities,
including offices for project administration, accommodation of personnel (100-200 personnel per

campaign), equipment storage and staging areas for equipment destined for deployment in the field

2! Companies generally complete the majority of spatially extensive seismic work relatively quickly so that
drilling options can be determined early in the SGD process. They usually commission additional concentrated
seismic work later when there is need to focus on a specific area/region.

22 Slopes in excess of 10° would practically be extremely difficult to traverse in the course of seismic operations.
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and pre-processing and temporary archiving of seismic data. For a proportion of operations, in
isolated areas, mobile camps in the immediate vicinity of operations might serve as operational bases

for the seismic teams.

As described in Section 1.4.3.2.1.1 the most likely approaches that would be employed to generate the
sound source used in a seismic campaign within the study area would include the shot-point method
and the use of vibroseis trucks. Although many activities would be associated with seismic
exploration, those to which the status of being key impact drivers can be assigned include the
following:

e Clearing of seismic lines (minimal, in the case of the study area; also, minimal if wireless

technology is used optimally);
e Vehicle and pedestrian traffic traversing the seismic grid;

e Noise emissions.

Quantification of key impact drivers is presented in Table 1.3.

Figure 1.22:  Extent of the study area that might be affected by exploration activities. There is the possibility
that exploration activities may be restricted to identified ‘sweet spots’ and not cover the majority of the area
during the initial phases of exploration. Note: supplementary seismic surveys could also occur outside the red-
shaded area.
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1.4.3.2.2 Exploration and appraisal drilling

1.4.3.2.2.1 What exploration and appraisal drilling entails

Following seismic exploration, establishing the presence and potential yield of hydrocarbon reserves
is achieved through drilling, evaluation of drill cuttings and cores, downhole logging and, for some
operations, measurement of hydrocarbon flow through extended well testing (e.g. measurement of gas

flow following trial fracking).

A typical drilling campaign involves a number of operations. The first entails drilling vertical

stratigraphic wells; the next entails appraisal wells, accompanied by fracking and test production.

In terms of drilling location, the first phase of drilling one or more stratigraphic wells is informed by
regional geological studies and the results of seismic exploration. For the appraisal phases of drilling,
well locations are determined by the combined results of seismic exploration and the results derived
from stratigraphic wells. The overall sequence of stages and activities for exploration and appraisal
drilling include:

e Site and logistics planning including drilling water supply (if needed) and establishment of
groundwater monitoring wells;

e Site preparation including drilling of a mousehole (if needed)®;

o Rig mobilisation: move-in, rig up;

o Drilling and evaluating vertical exploration wells (to derive key stratigraphic, structural,
petro-physical and reservoir information), potentially drill stem testing or possibly
conventional well testing;

o Dirilling, evaluating and completing appraisal wells, fracking and, potentially, production
testing;

e Demobilisation: drilling rig and ancillary equipment, site restoration, monitoring of wellhead

and groundwater well(s).

% In industry terms, a “mousehole” refers to a hole that is established at the wellpad in order to store pipe joints
for quick connection to the drill string. If a shallow aquifer is present, this could be penetrated by the
mousehole, and associated environmental risks therefore need to be managed.
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Site and logistics planning

Detailed baseline information (e.g. regarding surface and shallow groundwater, soils, vegetation and
infrastructure) is collected and interpreted in the course of project planning. This typically involves
the use of high resolution aerial photography and/or satellite imagery. At this stage, water wells may
be drilled for baseline sampling and testing and for subsequent monitoring of potential future

contamination of soils and groundwater.

Using this and other information sources, early planning activities include the identification of traffic
routes, site access and haul roads. Assessments are also made of road pavement conditions,
background traffic volumes, the history of road accidents on the planned project road network and
related implications for and attributable to the project traffic volumes. This information is important
since drilling programmes involve the transport of personnel and haulage of significant quantities of
heavy construction vehicles and equipment and materials to the drill site (some part-distance by rail,
but ultimately by road). Examples of equipment and materials include: drilling rigs and ancillary
equipment; casing used to line drilled wellbores; chemicals (solid and liquid); compounds used to
prepare drilling mud; cementing equipment and material; mobile electricity generators; fuel and

lubricants; and temporary accommodation and field office units for crew.

An exploration well site (wellpad) typically occupies an area of up to 2 ha, which contains the drilling
rig, portable offices, storage space (for chemicals, fuel and drill muds), plant and equipment areas,
parking space for trucks, laydown areas (for drilling pipe and well casing), equipment to process and
measure gas produced by the well and water storage tanks and treatment facilities. Additional space
may be required for storing excavated sub- and top-soil that would later be used for site rehabilitation.

Separate from the wellpad, approximately 0.5 ha of land is developed for temporary accommodation
of the drilling crew?. This area is designed and managed as a self-contained temporary development
with sleeping and catering facilities and other amenities and services. The camp is typically located a
few hundred metres to a few kilometres away from a wellpad (or cluster of wellpads) where impacts
on the local population and environment can be managed effectively (e.g. with due cognisance of

project vehicles using public roads for travel between the camp and wellpads).

Gravel access roads are constructed to link the wellpads and crew accommodation to existing road

networks, most likely with some upgrades to carry heavy loads and project-related increases in traffic.

 In the event that operations are located close to towns, the need for temporary accommodation (i.e. camps)
diminishes; i.e. staff can be accommodated in the town/s.
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Site preparation

Wellpad areas are levelled or shaped to the minimum extent required, for example, to provide for
drainage and for positioning temporary site offices, laydown areas and equipment storage. Unless a
truck-mounted drilling rig is used (probably only for stratigraphic wells), a re-useable drilling mat will
be laid, on which the drilling rig is set up. Above-ground tanks will be positioned for containing water
and waste fluids/solids, most likely configured in closed loop format in order to separate solids and
fluids — the latter either for re-use or disposal (in the case of waste). Closed loop systems minimise the
risk of spills and/or leakage of waste. The areas underneath liquid storage facilities (chemicals, fuel,
bulk water and drilling mud containment areas) are lined with impermeable material, the properties of
which are in compliance with international best practice standards. Portable containment structures
are installed around all tanks in order to contain any accidental spills. The layout of a typical drilling

pad is illustrated in Figure 1.23.

Figure 1.23: A typical wellpad layout with drilling and supporting infrastructure in place within an arid
environment in Argentina, similar to what may be encountered in the Central Karoo (Source: REUTERS,
http://www.vcpost.com/articles/5923/20120925/sidewinder-drilling-to-buy-union-drilling-for-139-min.htm).
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Drilling of vertical stratigraphic wells
The objectives of drilling a vertical stratigraphic well or set of wells (X-wells in Figure 1.24) are to:

Correlate stratigraphic and structural records to seismic interpretations;

Identify freshwater aquifers, drilling hazards and hydrocarbon-bearing zones;

Confirm predicted organic-rich shale formation packages that might be anticipated, identify
new potential target zones and identify existing fractures;

If encountered, evaluate the thermal maturity, presence/absence of fractures, gas content, gas
saturation (free and adsorbed), gas composition, mineralogy, porosity and permeability of the

hydrocarbon-bearing shale unit/s (using cores, electric logs and other means).

Figure 1.24: A stratigraphic well (indicated by “X”) is a vertical well drilled to obtain geological core
samples, ideally from the target formation. An appraisal well is a vertical well (indicated as ”Y”) that is drilled
some distance away from the stratigraphic-well so that the characteristics of the formation can be further
evaluated and delineated. If the evaluation is positive, a side track may be drilled through the wall of an
appraisal well on a curved trajectory, ending with a horizontal section of well bore within the target formation.

The horizontal well (indicated as “Z”) is subjected to fracking (Source: Shell).

Drilling units (rigs) are powered by either diesel- or gas-fuelled internal combustion engines. For

exploration operations, and during the early stages of production operations, diesel-fuelled rigs are

used; however, as field gas is produced locally, with the necessary permitting in place, drilling

operations can transition to the use of this energy resource (alternatively, any produced gas is flared).

Apart from cost considerations (field gas is cheaper than diesel), there are considerable benefits in

terms of atmospheric emissions attributable to gas- versus diesel-combustion (Table 1.3).
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Table 1.3: Comparison of atmospheric emissions from gas- and diesel combustion.
. Diesel-fuelled engine | % reduction gas vs Gas-fuelled engine
S G e Emission kg/day diesel Emission kg/day
Cco 10.38 4.3 9.94
NOx 160.13 78.6 34.27
Particulates
(< 10 micrometers) 1675 9.0 0.08
Hydrocarbons 2.345 78.6 0.5

Emissions based on a Caterpillar C32 (or 3512) engine (Source: CAT documentation)

Drilling is initiated by lowering a drill bit through a conductor pipe installed at the surface and by
rotating the drill string to which the bit is attached. The rotating bit crushes the rock into small
particles or ‘cuttings’. These cuttings are flushed from the well as the drilling mud is pumped down
inside the drill pipe and back up the outside of the drill pipe in the annular space between the drill
pipe and the open hole. The chemical and physical properties of drill cuttings reflect the properties of
the geological formations from which they originate (e.g. sandstones, shales); generally, cuttings are
relatively inert. The damp cuttings, with residual drilling fluid, are stockpiled temporarily within the
drilling works area in impermeable containment facilities. They are subjected to systematic sampling

and laboratory analysis with the aim of determining their chemical properties prior to later disposal®.

Drilling fluid, often termed ‘drilling mud’, is used to perform a number of functions including
providing hole stability, the entrainment and transport of drill cuttings to surface and circulating drill
gas out of the hole. The mudlogger and the mud engineer are responsible for monitoring and
analysing the mud as it is filtered to remove the cuttings and any entrained gas. The mud engineer will
measure various mud properties such as its density, fluid loss, rheology, solid content, pH, plastic
viscosity and other important variables. The engineer supervises treatment of the mud to meet
required specifications before it is circulated back downhole to lubricate and cool the drilling bit and
to continue the process of transporting the cuttings to surface. Drilling fluid is prepared through the

addition of various compounds and chemicals to water that is supplied to site?®. The additive used in

% For example, it may be necessary to adjust the pH of drill cuttings, which may be increased as a result of the
chemical properties of the drilling fluid coatings (sodium hydroxide is one of the additives used to increase the
pH in order to prevent biological activity within the drilling fluid).

6 To minimise the risk of environmental pollution potentially attributable to the uncontrolled release of drilling
fluid into the environment, industry best practice is to use additives that comply with standards such as those
specified in the OSPAR Commission’s list of substances considered to pose little or no risk to the environment
(PLONOR; OSPAR Commission, 2008). Another example, with specific reference to fracking, is the set of
standards applied in Australia (ACOA, 2013).
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greatest bulk is barite, which serves primarily as a weighting agent to balance downhole pressure in a
well. Other drilling fluid additives fulfil a range of functions such as pH control, corrosion inhibition
and de-foaming. For a well drilled, for example, to a depth of 3 500 m (a typical depth assumed for
the study area) approximately 1000 m? of drilling fluid would be prepared. This would incorporate
approximately 300 tonnes of compounds and additives used to formulate the drilling fluid, with water

comprising the balance.

In the case of back-to-back drilling of a number of wells in close proximity, drilling fluid would
typically be re-used for a number of wells that are drilled. A top-up of approximately 25% (by
volume) of water and drilling fluid compounds would be required for each subsequent drilling
operation to account for fluid coatings that remain on stockpiled cuttings and other operational losses.
When the drill bit reaches key depths drilling is stopped and steel casing is run into the open hole and
centred within the hole using centralizers. Cement is then pumped down inside the casing and forced
out of the bottom and up into the annular space between the casing and the borehole wall until there is
a "show" at the surface. The cemented casing then undergoes a mechanical integrity pressure-test to
ensure that there is adequate structural integrity at the bottom of the casing or casing shoe.
Subsequently, a cased-hole cement bond electric log is run to verify cement bonding along the
cemented the casing string?’. Casing involves setting a series of casing strings of decreasing diameter
at increasing depths (Figure 1.25). The purpose of the casing is to provide structural support and
integrity to the borehole, allow for deep drilling into high pore pressure formations and to isolate
water- and hydrocarbon-bearing formations to prevent cross-contamination. The casing ultimately

allows for the safe production of any hydrocarbons found.

%" Where they penetrate groundwater zones, wells typically have double, triple, or more overlapping strings of
casing, which are bonded with cement, to provide not only structural integrity to a well but to effectively isolate
the well bore from the water-bearing formations.
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Fresh groundwater
zone up te 1000

24" conductor casing (brown) is installed
up to 50 feet deep and cemented (grey) to
the surface.

20" casing isinstalled thraugh the 24"
casing and continuing up to 500 feet
deep. This casing is cemented to surface
to isolate and protect near-surface
groundwater,

13 3/g" casing is installed through the 20”
casing and continuing up to 1000 feet
deep. This casing Is alse cemented to the
surface to protect the groundwater
aquifer from the gas well,

5 1/," casing continues down and is
turned laterally into the Marcellus ~ —
formation at a depth of 5000 to 9000+
feet below the surface.

]

—— Kick off point for the
bend from vertical to
horizontal drilling.

Horizontal, “lateral” portion of well
extends from 3,000 to over 10,000
feet within Marcellus formation.

Figure 1.25:  General well casing design for SGD operations. Multiple strings of overlapping casing are used
to isolate the wellbore from aquifers that are encountered during drilling; these are bonded with cement (Source:
Tom Murphy (n.d.), Pennsylvania State University, USA).

Petro-physical evaluation of the formations penetrated by the well is carried out during the course of
drilling operations. This evaluation involves the services of wellsite geologists and mudloggers and
the deployment of techniques such as logging while drilling (LWD) and open-hole wireline electric
logging. Mudloggers keep a detailed record or log of specific data while drilling that includes: rate of
penetration; measurements of mud gas content and type; analysis of drill cuttings to establish
formation changes, chemical and physical properties (e.g. rock type and description, apparent
porosity, cementation, fluorescence, odour, grain size and friability); pore pressure; drill bit records;
mud weight; and hydrocarbon shows. LWD tools are electrical devices installed as part of the drill
string and mounted near the drill bit. They are used to record data relating to formation petro-physical

properties (porosity, density, resistivity, gamma ray), which are transmitted to the surface in real-time.

Open hole wireline logging involves lowering diagnostic tools on an electric cable into the uncased
hole. There are a suite of these tools, including calipers; temperature recording devices;
density/neutron/sonic for porosity, gamma ray/Spontaneous Potential/resistivity recorders to indicate
rock type and fluid content; Nuclear Magnetic Resonance meters (NMR) for fluid differentiation and
gauging production permeability; sidewall core tools for collecting rock samples; formation test tools
that record pressures and collect fluid samples; and dipmeters that provide structural information and
seismic profile data relating to rock velocities. The ultimate goal is to determine the fluid/gas content
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in the rock along with the quality and quantity of a hydrocarbon reservoir. This data is key to
determining if further well evaluation is necessary and to inform future exploration, development and

production decisions and activities.

Appraisal wells

If the results of tests from stratigraphic wells invite further investigation, additional wells are drilled
nearby. These wells are planned to yield increasingly detailed information on the properties of the
target formation. An appraisal well is created in a similar way as a stratigraphic well with vertical and,
typically, horizontal sections. In order to drill horizontally, directional drilling methods are used. A

number of horizontal laterals can be drilled from the same vertical wellbore.

On completion of drilling, the rig is removed and the site is prepared for fracking. Well perforating
guns, employing directional explosive charges, are lowered into the cased wellbore by tubing or
wireline. Once the guns reach the predetermined depths along the section(s) of the target formation
they are discharged to perforate the casing (Figure 1.26). Detonation of the charges punches holes
through the well casing and surrounding cement layer into the reservoir rock in the sections of the
well bore where gas is expected to be extracted. The perforating guns are then pulled out of the hole
to surface where the pumping unit and other equipment are attached to the wellhead; pumping of
fracking fluid to increase the hydraulic pressure then begins. This is done in multiple stages in the

horizontal component of the well, with each stage measuring 75 to 100 m in length on average.

The fracking fluid is made up of more than 90% water, with the balance comprising proppant (sized
particles, normally sand) and other additives (Figure 1.27)%. The holder of a right is required to
disclose the fluids, chemicals and other additives used in fracking to the competent authority
(MPRDA Regulations for Petroleum Exploration and Production, 2015: Chapter 9, Subsection 113).

The use of Material Safety Data Sheets is a common means of communicating this information.

%8 Some theory-based research has recently been published, which focuses on the implications of changing the
method of fracturing targeted shales using carbon dioxide as an alternative, or additive, to water (Chandler,
2016). The capacity of the gas to penetrate CO,-philic nanopores within shales in order to force out lighter
petroleum molecules, such as methane, is being investigated. If proven to be implementable in practice, CO,-
based fracturing technology would have significant implications for water use and related waste management.
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Figure 1.26:  Schematic illustration of a horizontal wellbore with perforations through which fracking fluid is
transmitted into the surrounding shale (Source: Shell).

Figure 1.27:  Example of the relative composition (% contribution to total volume) of compounds comprising
a typical batch of fracking fluid (Source: Tom Murphy (n.d.), Pennsylvania State University, USA, citing Range
Resources Corporation); as outlined below, other additives may be included.

Chemical contaminants associated with SGD

Much of the following section is based on a draft document written by the Environmental Protection
Agency of the USA (EPA, 2015) on the potential impacts of fracking on drinking water. Note that all
of the data used in the EPA document were derived from peer-reviewed papers of government origin,

to ensure that they were not influenced by the industry.
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Available information indicates that many hundreds of chemicals have been associated with drilling

and fracking. Assessing the likely effects of any particular chemical “cocktail” is difficult for the

following reasons:

Most of the information on fracking materials comes from the USA. While laws in most
states require disclosure of the content of fracking fluids, this is not true for all US states,
since the composition is considered to be a trade secret.

At least 1 173 different chemicals are known to have been used in fracking in different parts
of the world. There is no indication as to which combinations might be used in the area of
interest in the Karoo, although a broad listing of possibilities has been provided.
Toxicological data are limited or unavailable for the vast majority of the organic chemicals
that are known to be used, or to have been used, in fracking. Thus, the potential effects on
human health are very poorly understood (Finkel et al., 2013; Colborn et al., 2011) but have
been discussed by McKenzie et al. (2014) and Kassotis et al. (2014). Furthermore, very few
published, peer-reviewed epidemiological or toxicological studies are available and the
veracity of some publications is questionable.

Data that are available are almost all for individual chemicals, while the effects of chemicals
in combination may be greater or less than the effects of each alone.

EPA (2015) notes that more than 10% of the chemicals (134 of 1173) have also been
detected in flowback or produced water.

It is not feasible to describe or even list the hundreds of chemicals involved in the fracking process.

Figure 1.28 provides a summary of existing information regarding chemicals used in fracking,

highlighting gaps in this regard. A table is also presented in the digital addendum to this Chapter

(Digital Addenda 1A) describing the major uses for which chemicals are employed and, where

appropriate, their toxic effects. Unless otherwise indicated, the information contained in the table is
taken from EPA (2015).

A number of chemicals are considered so noxious or otherwise problematic that they are currently

prohibited from use in South Africa in any fracking activities. These are listed in a second table in
Digital Addenda 1A.
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Figure 1.28:  Summary information regarding existing data and information gaps regarding the state of
knowledge about chemicals involved in fracking processes in the United States (from EPA, 2015): RfV =
Reference Value, an estimation of an exposure [for a given duration] to the human population (including
susceptible subgroups) that is likely to be without an appreciable risk of adverse effects over a lifetime: OSF =
oral cancer slope factor, a measure of carcinogenicity.

According to an estimate provided by ONPASA, the volume of water used to effect fracking within
the study area, for example, within a well comprising a 3000 m vertical and 1 000 m horizontal
section would amount to about 6 000 m®. Water requirements for fracking can be much higher, with

Kargbo et al. (2010) reporting that the volumes used in

wells drilled within the US Marcellus formation, with a

1500 m vertical section and a 980 m horizontal section, S W?éfrss;gply IS

- 3 -
ranging from 7700 to 38000 m°. Broomfield (2012) ONPASA has not published information

reports that wvertical shale gas wells typically use | on water supply options to support
fracking within the study area. Supply

options that could be investigated
typically use between 10000 and 25000 m® per well. | include:

approximately 2 000 m? of water, whereas horizontal wells

Water requirements reported in the literature for fracking e o T —

of individual wells range from 10 000 to 30 000 m? (Grant of wellpads or within shale gas
) license areas (shallow aquifer or
and Chrisholm, 2014; Rahm et al., 2012, 2013; Warner et deep fossil water).

al., 2013, NySDEC, 2015) The VOIUme Of water Used ° Groundwater/surface water outside

depends, amongst other factors, on well characteristics the shale gas licence areas.

(depth, hole sizes and conditions, horizontal lateral length) | * LU

e ‘Grey’ water sourced either within
or outside the shale gas licence
areas.

and the number of fracturing stages within the well.

Although oil and gas developers aim to reduce freshwater
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consumption through water re-use and use of waste water from other sources, in current practice
freshwater still comprises 80-90% of the water used for fracking. For example, NySDEC (2015)
reports that between only 10 and 20% of fracking water use comprises recycled waste water. Re-use
involves either straight dilution with fresh water of the flowback waste water (see below) or the on-

site introduction of treatment processes prior to flowback water re-use.

Proppant is high specification aggregate, usually sand, which is treated and coated with a resin. It can
also be produced as ceramic nodules. Sand in the southern Karoo is largely unsuitable for use as
proppant because of the high clay content of the local soils, which are derived from shales and
mudstones. For this reason, it unlikely that proppant would be sourced locally within the study area
for SGD operations. For the scenario considered here, entailing exploration operations only, it can be
assumed that proppant would be imported to South Africa and transported to the sites of fracking by
road or rail. For the Small- and Big Gas scenarios outlined in Sections 1.4.4 and 1.4.5, importation of
proppant at the scales required would be uneconomical and it is likely that the product would be
manufactured at a location where suitable aggregate can be sourced, for example where sandstones

define the local geology, and transported to the study area.

The fracking fluid is injected down the wellbore at a pressure of between 400 and 600 bar (40 — 60
MPa)®. The fluid migrates through the perforations in the well casing and cement into the reservoir
rock to create fractures that are typically 2-7 mm in width, close to the wellbore. The fractures
become narrower as they extend outwards for distances of up to about 300 m from the wellbore. The
proppant that is pumped into the fractures holds them open when the hydraulic pumping pressure is
reduced. The creation of open fractures has the effect of significantly increasing the surface area of
rock connected to the main wellbore; gas that is released in the process flows out of the reservoir rock

to the surface via the wellbore.

# The injection pressure required to create fractures depends on the rock's fracture pressure. Normal pressure
gradient is about .456psi/ft (1.4941 psi/m) or 0.1013 bar/m. The Whitehill Formation (12 045 ft) at the
SOEKOR Cranmere 1/68 well location was drilled with 10.2 ppg mud weight with no reported loss of returns
(i.e. no formation breakdown). Based on this depth, the calculated mud hydraulic pressure gradient is 0.53 psi/ft,
and the minimum fracture pressure at this depth can therefore be inferred to be 6389 psi or 440. bar. The
Whitehill Formation should be encountered at greater depths south of the 1/68 Cranmere well, so the fracture
pressure should increase.
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Figure 1.29:  Example of a fracking process underway in Appalachia, with the main equipment and facilities
involved indicated (Source: Range Resources Corporation).

Figure 1.30:  Example of
a fracking operation
underway, involving a
series of wellheads (Source:
Tom Murphy (n.d.),
Pennsylvania State
University, USA).
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Following fracking, surface equipment is installed on the well in order to allow it to be ‘produced’.
During initial production, some of the fracking fluid and other entrained material returns to the
surface as "flowback". This includes water, fracturing chemicals and gas. Solids are separated from
the liquids and gas at a treatment facility on site. This process can also be carried out at a central
location to which the flowback is transported, often by road tanker. Graphic illustrations of a
produced fluid management system are presented in Figure 1.31 and 1.32. Typically, there is recovery
of about 30% of the volume of fracking fluid originally injected into the well as flowback; however,
recovery volumes can range widely depending on shale characteristics (e.g. between 0 and 80%)
(Broomfield, 2012; Grant and Chrisholm, 2014). Sludge (proppant, shale dust, other solids and
chemical residues), which can account for around 3% of the flowback volume, is disposed of at

designated approved material waste sites.

Figure 1.31:  Schematic illustration of a produced fluid management system (Source: Tom Murphy (n.d.),
Pennsylvania State University, USA).

Figure 1.32:  Example of a
closed loop fluid management
system (Source: Tom Murphy
(n.d.), Pennsylvania State
University, USA).
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Flowback fluids are typically saline, with reported total dissolved solids (TDS) values ranging from
10 000 mg/l to 300 000 mg/l (Rahm et al., 2012, 2013). High TDS values indicate that the flowback
fluids contain "connate water" trapped in pores of the rock during its geological history. Such water is
recovered and treated on surface. The production of connate water can persist for the operational
lifetime (5-20 years) of a well (Grant and Chrisholm, 2014), with volumes ranging from 1-2 m* per
day (Rahm et al., 2013; NySDEC, 2015). Volumes do, however, decline as the well production
exhibits the characteristic exponential decline in gas yield as reservoir pressure depletes over time.
Since the water has been in prolonged contact with the shale from which it originates, chemical
characteristics of the target formation dominate its chemistry, which can also reflect radiogenic
properties (Section 1.2.1.3). The quantity and chemical characteristics of produced water and
flowback fluids persist as key uncertainties in terms of management, even in plays where

unconventional oil and gas have been produced for a while (Rahm et al., 2013).

In the course of initial well-testing, the produced gas may be flared. Well testing is normally

conducted for 30 to 60 days, with flaring undertaken for 30 days or less.

The typical shale gas formation is a pressure depletion reservoir with a characteristic exponential
production rate decline over time (Figure 1.33). Production rates and pressure data obtained during

well testing are used to calculate an Estimated Ultimate Recovery (EUR) of the well and the field.

Production

< (Rate Decline)

Pressure

< (Decline)

Figure 1.33:  Typical Shale Gas Decline Curve (after Benedetto, 2008)

On completion of production testing, gas-flow is suspended, surface equipment is disconnected and
demobilisation proceeds. The decision to either suspend or permanently decommission (plug and
abandon) is based largely on test results. The production test data are, therefore, crucial for decision-
making in this regard. Well suspension is affected by closing the valves on the wellhead to prevent
product flow to surface (Figure 1.34); gauges are installed to detect possible changes in pressure that

could be indicative of a leak. For final decommissioning, cementing of the well bore is undertaken
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from the furthest point to surface. This aims to ensure that all hydrocarbon- and water-bearing zones
are isolated to prevent cross contamination or communication with shallow aquifers or the surface.
The issue of well closure/decommissioning is critical and is implemented in accordance with industry

best practice as described, for example,

by American Petroleum Institute (2009).

Figure 1.34:  Surface equipment in place
for a suspended well (Source: Tom Murphy
(n.d.), Pennsylvania State University, USA)

If there is full decommissioning, in
addition to well plugging, the wellhead
and testing and production facilities are
removed. Wellpad areas and access
roads are rehabilitated to achieve pre-
disturbance landform states, with

vegetation re-established in accordance

with EMPr specifications and relevant

prescribed regulations (e.g. regarding species diversity, vegetated ground-cover targets). Baseline
environmental studies undertaken in advance of exploration and production provide reference
standards to be achieved through rehabilitation. The decommissioned well, along with one or more
monitoring wells, are routinely inspected in accordance with prescriptive rules and EMPr and EIA
commitments to ensure there is no sub-surface communication and subsequent groundwater
contamination. In this regard, the period of operator liability extends as long as might be necessary
(potentially several decades) in order to achieve compliance.

1.4.3.2.2.2 Keyimpact drivers associated with exploration and appraisal drilling

It is likely that the bulk of the exploration or appraisal drilling activities would be initiated
immediately following the completion of seismic surveys and that the activities would be concluded

between 5 and 10 years after initiation of SGD operations in the study area (Figure 1.19).
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Exploration and appraisal drilling would be undertaken within a small fraction of the area in which
the seismic surveys are undertaken (< 5% in terms of surface area footprint), where information on the
petroleum geology indicates there is the greatest potential for encountering technically and
economically viable shale gas reserves. Given that such possibilities could extend across a number of
license areas, several separate drilling campaigns might be launched. For the purpose of this report, it
is assumed that five campaigns in total will be completed. The notional distribution of these drilling
campaigns shows their greater concentration in the central region study area, where current
knowledge of the shale gas prospectivity suggests the largest reserves of gas might be encountered
(Figure 1.35).

Figure 1.35:  Notional distribution of five exploration drilling campaigns that might be commissioned within

the study area. The figure simply indicates approximately how large a general target area might be in the case of

a drilling campaign; it is currently not known where any campaign might be located. Within each square, only a

very small fraction of the actual land surface is directly impacted (<5%), though a larger area would be exposed
to noise, visual and light disturbance.

For each drilling campaign, it is assumed that six stratigraphic wells would be drilled from their own
individual wellpads. For each campaign, two of the already established wellpads would be used for
additional drilling to create two sets of three horizontal wells for fracking; i.e. a total of six horizontal
wells drilled from two wellpads, replicated for each of the five exploration campaigns. A schematic
indication of how the wellpads associated with these wells might be distributed in an area targeted for

exploration drilling is presented in Figure 1.36. Also schematically indicated in this figure are access
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roads to the wellpads and a facility for crew accommodation. Provision would be made for treating
flowback and produced water, entailing modular, contained equipment capable of treating the

relatively low volumes of fluid waste generated during operations.

Figure 1.36:  Notional schematic depiction of the location of six wellpads (two would be used to drill two sets
of three horizontal wells for hydraulic fracturing) and a crew accommodation facility. An area of approximately
30 x 30 km is indicated as being targeted for exploration. It is assumed that throughout the study area there
could be five such initiatives.

Planning, site preparation, drilling, fracking and flow-testing would proceed for each exploration and
appraisal drilling campaign, as described in Section 1.4.3.2.2.1. Although many activities would be
associated with each of these project elements, those to which the status of key impact drivers can be
assigned include the following:

e Clearing of wellpad areas and the crew accommodation sites.

e Construction of new access roads to wellpads.

o Rail plus road transport to site of drilling fluid compounds (mostly containerised).

¢ Rail plus road transport to site of well casing.
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e Road transport to the site of the drilling rig components (power unit, derrick, etc.)®.

¢ Road transport to site of ancillary equipment supporting drilling operations at the wellpads.

e Road transport to site of temporary infrastructure and equipment used to establish crew
accommodation.

e Transport to site of a truck-mounted drilling unit for creating shallow aquifer water
monitoring wells. This unit would probably be mobilised to site during the phase of
establishing environmental baseline conditions.

e Sourcing and supply of potable water for domestic use.

e Sourcing and supply of process water to prepare drilling mud and for fracking®.

e Process water treatment for recovery (re-use as drilling and fracking fluid) and disposal of
process waste (e.g. sludge recovered from flowback) and produced water.

o Drill cuttings disposal.

o Domestic and solid waste management.

e Hazardous waste management (additional to waste process water and solids).

e Flaring of gas during drilling and well-flow testing.

o Noise and light emissions.

o Decommissioning, including removal of equipment and infrastructure from site (primarily by
road).

e Employment, personnel logistics, and labour negotiations.

e Management of safety, security and medical/health.

Quantification of the main activities comprising seismic exploration and an exploration and appraisal

drilling campaign, to which the status of key impact drivers is assigned, is presented in Table 1.4

% It is possible that a single drilling unit could be used for the various exploration campaigns that are undertaken
(i.e. shared equipment); alternatively, separate drilling units would be sourced for each campaign.

*! The volume of water needed for preparing drilling mud and for fracking for an exploration campaign (Table
1.4) would be relatively small compared to a production programme (Table 1.5andTable 1.6).
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Table 1.4:

Quantification of key activities/impact drivers associated with seismic survey and exploration

and appraisal drilling within the study area (Note: for some quantifications, ranges of values are provided to
provide for uncertainties regarding assumptions; e.g. the possibilities that there may or may not be re-use of

drilling fluid compounds and water used for both drilling and fracking).

Impact driver

Unit

Factor

Total

Comments

Seismic exploration

Employment
provided:
Vibroseis truck
method seismic
campaign

100 personnel

5 exploration
areas

Duration:
Approximately
1 year

500 personnel*

Expat specialists: 50%*
National professionals: 20%
National skilled: 10%

Local unskilled: 20%

Employment
provided: Shot-
point method
seismic campaign

150 personnel

5 exploration
areas

Duration:
Approximately
1 year

750%

Expat specialists: 50%
National professionals: 20%
National skilled: 10%

Local unskilled: 20%

Establishment of

Up to 2 000 km

Up to 2 000 km

90% vibroseis truck method;

seismic lines 10% shot-point method
Density of 0.25-10km 90% vibroseis truck method
seismic lines: spacing (Note: assumed (10% shot-point

Regional survey
(Vibroseis trucks)

relatively wide
spacing for
regional 2-D
survey; closer
spacing for 3-D
survey of
specific targeted
areas)

method; see below)

Vibroseis trucks | 20 per km 1800 km 36 000 vibration
and shot-point vibroseis impact points
methods: method *
distribution of
vibration impact .

: 200 km shot 4 000 shot points
or shot points point method
Shot-point Up to 1 kg per Up to 20 kg per Up to 4 000 kg
method: shot km
explosive 20 shots per km
detonated per 200 km
shot hole
Vibroseis trucks: | 5m? 20 per km 180 000 m?
Vibration impact 100 m? per km 18 ha
footprint 1 800 km

%2 This assumes that each campaign will be separately resourced in terms of personnel. However, there could be
collaboration involving sharing of resources, with one campaign scheduled to follow another.

%% There is currently limited local capacity to undertake seismic, drilling and fracking operations; this implies
that these services will need to be contracted in from international sources, initially. The percentage of
employed expatriates will decrease over time as local capacity develops.

* The assumption made is that the vibroseis method will be employed more extensively than the shot point
method (1 800 km compared to 200 km of shot-point method); the quantifications listed here would be adjusted
if a different ratio between the two methods materialises.
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Impact driver Unit Factor Total Comments
Vibroseis tyre Up to 2 mtyre 2 m X 2 tracks 720 ha Linear effect
track width width; dual 1800 km
tracks
Vibroseis trucks | 74 dB at 15m 12 — 24 hr operation
in operation:
Noise emission
Shot-point 90dBatlm 12 — 24 hr operation
method: Auger
drilling
operations noise
emissions
Vehicle fleet 4x Vibroseiss 13 vehicles per
size: Vibroseis trucks @ 10t fleet
truck method each; 3x5t
trucks; 6 x 1t
utility vehicles
Vehicle fleet 1 x 10 t auger 7 vehicles per
size: Shot-point drilling truck; 3 fleet
method x 5t trucks; 3 x
1t utility vehicles
Shot-point 5 passages by 7 vehicles 15 passages per
method: Number | half the fleet km
of passages per
vehicle per
seismic line
Vibroseis 2 passages along | 13 vehicles 7 vehicle
method: Number | each line section passages per km
of passages per by half the fleet of seismic line
vehicle per
seismic line
Domestic solid 0.46 kg per See crew sizes per operation
waste produced worker per day
Domestic water 0.15 m?® per See crew sizes per operation
use (drinking, person per day
sanitation)
Sanitary waste 0.1425 m® per See crew sizes per operation
produced worker per day
Hazardous waste | 1-5 tonnes per 5 campaigns 5 — 25 tonnes
campaign
Exploration and appraisal drilling
Drilling rigs 1 rig per 5 campaigns 1-5rigs®
commissioned campaign
Employment: 100 personnel 5 campaigns Up to 500 Expat specialists 20%;
Drilling per drilling rig personnel 3 National professionals 10%;
campaign National skilled 10%;
Local unskilled 60%
Drill rig height 40m

® This range allows for the possibility that drilling rigs and crews might be

campaigns.
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Impact driver Unit Factor Total Comments
Number of 6 wellpads per 5 campaigns 30 wellpads
wellpads campaign
established
Access roads 1 km per 6 wellpads per 6 km per
constructed to wellpad campaign; campaign;
wellpads 5 campaigns 30 km for
5 campaigns
Wellpad footprint | 2 ha per wellpad | 6 wellpads per Up to 12 ha per
campaign; campaign.
5 campaigns Up to 60 ha for
5 campaigns
Crew 1 ha per camp; 5 campaigns 5 ha for The size of the camp
accommodation 1 camp per 5 campaigns footprints could be slightly
camp footprint campaign smaller than stated here
Transport of 500 truck visits 5 campaigns 30 000 truck Extrapolated from and
drilling rig, per well drilled 12 wells per visits for adjusted based on Shell
casing and (split between campaign 5 campaigns EMPr:
ancillary 10tand 20t (http://southafrica.shell.com/
equipment to and | trucks) aboutshell/shell-
from wellpads businesses/e-and-
p/karoo.html). Golder
Associates (2011)
General utility Numerous 5 campaigns Numerous To be confirmed (tbc)
vehicles in through transport planning
operation study
throughout
Hydraulic 500 truck visits Hydraulic 15 000 truck Extrapolated from and
fracturing: truck | per well fracturing x visits for adjusted based on Shell
visits per well 6 wells per 5 campaigns EMPr:
campaign (http://southafrica.shell.com/
5 campaigns aboutshell/shell-
businesses/e-and-
p/karoo.html). Golder
Associates (2011)
Drilling fluid 825 m® 4 wells per 3300 m?® per
water: campaign campaign
stratigraphic 5 campaigns 16 500 m® for
wells. 5 campaigns
Assumed
3000 m depth
(no re-use of
water)
Drilling fluid 825 m* 2 wells per 1 650 m* per
water: Vertical campaign campaign
wells from which 5 campaigns 8 250 m® for
horizontal 5 campaigns
drilling will be
conducted.
Assumed 3000 m
depth
(no re-use of
water)
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Impact driver Unit Factor Total Comments
Drilling fluid 450 m? 6 wells per 2700 m® per
water: horizontal campaign campaign
wells. 5 Campaigns 13 500 m3 for
Assumed 1500 m 5 campaigns
horizontal

(no re-use of

water)

Drilling fluid 412 m? 4 wells per 1 648 m° per
water: campaign campaign
stratigraphic 5 campaigns 8 240 m® for
wells (50% re- 5 campaigns
use of water)

Drilling fluid 412 m? 2 wells per 824 m? per
water: Vertical campaign campaign
wells from which 5 campaigns 4120 m® for
horizontal 5 campaigns
drilling will be

conducted (50%

re-use of water)

Drilling fluid 225 m® 6 wells per 1 350 m® per
water: horizontal campaign campaign
wells. 5 campaigns 6 750 m* for
Assumed 1 500 5 campaigns
m horizontal

(50% re-use of

water)

Drilling fluid 300 t per well 4 wells per 1200t per
compounds: campaign campaign
stratigraphic 5 campaigns 6 000 t for
wells (no re-use) 5 campaigns
Drilling fluid 300 t per well 2 wells per 600 t per
compounds: campaign campaign
Vertical wells 5 campaigns 3000t for
from which 5 campaigns
horizontal

drilling will be

conducted

(no re-use)

Drilling fluid 150 t per well 6 wells per 900 t per
compounds: campaign campaign
horizontal wells 5 campaigns 4 500 t for
(no re-use) 5 campaigns
Drilling fluid 150 t per well 4 wells per 600 t per
compounds: campaign campaign
stratigraphic 5 campaigns 3000t for
wells (50% re- 5 campaigns
use)

Drilling fluid 150 t per well 2 wells per 300 t per
compounds: campaign campaign
Vertical wells 5 campaigns 1500t for
from which 5 campaigns
horizontal

drilling will be

conducted

(50% re-use)
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Impact driver Unit Factor Total Comments
Drilling fluid 75 t per well 6 wells per 450 t per
compounds: campaign campaign
horizontal wells 5 campaigns 2 250t for
(50% re-use) 5 campaigns
Drill cuttings per | 550 m® per well | 4 wells per 2 200 m® per
stratigraphic well campaign campaign
5 campaigns 11 000 m® for
5 campaigns
Drill cuttings per | 550 m® per well | 2 wells per 1 100 m® per
vertical well from campaign campaign
which horizontal 5 campaigns 5 500 m? for
drilling will be 5 campaigns
conducted
Drill cuttings per | 300 m? per well | 6 wells per 1 800 m* per
horizontal well campaign campaign
5 campaigns 9 000 m® for
5 campaigns
Drilling rig fuel 1. Diesel: 5rigs Total fuel use, Approximately 30 days
use 1 850 gal/day; 30 days per well | 5 campaigns drilling per well
7 t [day® 12 wells per 1. Diesel:
campaign 12600t
2. Natural gas: 5 campaigns
257 2 Gas:
MMBtu/day; 11700t
6.5 t/day oil
equivalent®
Hydraulic 15000 m®per | 6 wells per 90 000 m? per
fracturing water: | well campaign campaign
(no-reuse) 5 campaigns 450 000 m? for
5 campaigns
Hydraulic 10 000 m® per 6 wells per 60 000 m?® per
fracturing water: | well campaign campaign
(30% re-use) 5 campaigns 300 000 m? for
5 campaigns
Flowback sludge | Injected volume | 6 wells per 900 m® sludge
of fluid per well: | campaign per campaign
approx. 5 campaigns 4 500 m* sludge
15 000 m®; for
Flowback: 30% 5 campaigns
of injected
volume
(5 000 m°);
Sludge: 3% of
flowback
(i.e. 150 m® per
well)

% Diesel consumption of a drilling rig powered by a Caterpillar C32 or C3512 engine
%" Natural gas consumption of a drilling rig powered by a General Electric JC 320 Jenbacher engine
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Impact driver Unit Factor Total Comments

Flowback brine Injected volume | 6 wells per 15 000 m* brine
of fluid per well: | campaign per campaign
approx. 15 000 5 campaigns 75 000 m® brine
m®; Flowback: for
30% of injected 5 campaigns
volume
(5 000 m®);

Brine: 50% of
flowback
(i.e. 2500 m®
per well);

Produced water 2 m? per well per | 6 wells per 4380 m? Some fraction of this volume
day; 1 year well | campaign produced water may be classed as hazardous
lifetime 5 campaigns per campaign;

21900 m®

produced water

for

5 campaigns

Light emissions 24 hr operational and

security lighting; wellpads
with development operations
underway; crew
accommodation areas.

Drilling rig Diesel-fuelled 12 wells per Diesel-fuelled Approximately 30 days

emissions rig campaign rig drilling per well; 12 wells
CO:10.38 30 days drilling | cO: 3 736 kg per campaign.
kg/day per well NOXx: 57 646 kg
NOx: 160.13 5 campaigns PM: 603 kg
kg/day HC: 844 kg
Particulates:

1.675 kg/day
Hydrocarbons:
2.345 kg/day

Hazardous waste | 1t per well 12 wells per 12 t per

(e.g. grease, used campaign campaign

engine oil) 5 campaigns 60 t for

5 campaigns

Drilling rig noise | 90 dB 24 hrs operations

emissions

Flaring during 6 wells would be | 5 campaigns; Approximately 30 days

flow-testing: flared per 30 wells flared flaring per well

gaseous campaign

emissions

Domestic waste 0.46 kg per See crew sizes per operation
worker per day

Sanitary waste 0.1425 m® per See crew sizes per operation
worker per day

In the event that none of the exploration drilling campaigns reveals shale gas reserves that are
economically viable, the SGD programme within the study area would terminate. Failure criteria
would include a discovery with extrapolated results that indicate a reserve magnitude considerably

smaller than 5 tcf and/or where appraised gas flow rates from a discovery that is made do not allow
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for economically viable production. Considerations that could impact this decision include
unfavourable gas pricing, high operational costs, technology challenges and complex geological

conditions that might be encountered.

Any surface and other disturbances resulting from operations would be rehabilitated in line with
EMPr commitments. If an economically viable discovery is made, the SGD process would advance to
further evaluation and potential development of the resource. This would include production through
scaled-up drilling, fracking, installation of gas pipelines and processing facilities and other
infrastructure. Although an element of exploration would continue to define the extent of potential
development (e.g. ongoing 3-D seismic surveys to accurately inform the location of production wells),
there would be a general transition away from exploration and appraisal activities towards those more
typical of production. This situation is described in Sections 4.4 and 4.5 for Small and Big Gas

production scenarios respectively.

1.4.4 Small Gas

1.4.4.1 Scenario statement

The scenario that could result from SGD proceeding to a small-scale development and production

within the study area is expressed as follows:

Box 1.9. Small Gas Scenario

In 2050 there is a 1 000 MW CCGT power station established in the central Karoo. The modular design of the
facility allowed for its easy construction and early commissioning. The power station, which has recently
undergone refurbishment, is the only downstream project that has materialised within the SGD sector within the
study area. The power station makes a relatively small contribution to the country’s energy supply mix which,
for the Western Cape, is mostly defined by contributions from an LNG-fuelled power station established north
of Cape Town and from the region’s renewable energy sector.

Shale gas exploration was initiated in 2018. By 2025, exploration and appraisal operations revealed modest, but
economically viable shale gas reserves in the central Karoo totalling approximately 5 tcf. This triggered a
development programme of early monetisation of the reserve in a directed response to the shortfall in the
country’s electricity generation capacity at the time.

An environmental audit of all SGD activities in the study area, undertaken in 2048, showed that rehabilitation of
areas at abandoned exploration, appraisal and decommissioned production wellpads and the network of
decommissioned access roads to these sites have fully achieved the targets specified in the project
Environmental Impact Assessments and accompanying Environmental Management Programmes.
Environmental monitoring will, nevertheless, continue for at least another decade.

The suite of SGD activities comprising this scenario corresponds largely with those described

previously for exploration and appraisal (Section 1.4.3), but scaled up and supplemented with
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production-related infrastructure development®®. The up-scaling process and infrastructure
development are discussed below, including a quantification of key SGD activities/impact drivers that

would define this production scenario.

1.4.4.2 Key impact drivers of small-scale gas development

For the SGD scenario considered here, development would proceed based on the results of the most
successful of the exploration and appraisal campaigns that are undertaken; i.e. it is assumed that
development would proceed for a single location situated in the central part of the study area. It is
further assumed that all of the activities associated with the development and production scenario

would be contained within a single block measuring approximately 30 x 30 km (Figure 1.40).

It is likely that a significant proportion of activities undertaken to support production would be
initiated immediately following exploration and appraisal, inter alia to accelerate monetisation of the
gas to offset exploration and production development costs. The construction of production
infrastructure (e.g. the initial suite of production wells, the associated gathering pipeline network, gas
processing stations) would be concluded in a period of 5- 10 years (Figure 1.19). Ongoing drilling,
completion and testing of production wells and related infrastructure would continue for much of the
duration of production, extending over several decades. New wellpads would be developed on a
regular basis, whilst existing wellpads would remain operational for several years as additional
horizontal wells and/or horizontal laterals are drilled and fracking is undertaken to maintain a supply

of gas at the required level.

% Development and production operations would proceed on the basis of the award of production rights (i.e.
conversion of exploration rights to production rights). As for exploration, Environmental Authorisation for
operations would be required, based on EIA that is carried out and an approved EMPr. Several other
authorisations and permits would apply.
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Figure 1.37:  Cluster of producing wellheads
(Source: Tom Murphy (n.d.), Pennsylvania State University, USA)

For technical and economic reasons the initial development would target areas which, in the course of
exploration and appraisal, promised the highest production rates and ultimate recovery volumes. This
would be followed by ongoing expansion into peripheral areas. Production from shale gas wells
typically declines rapidly after start-up. Calculations are, therefore, made of the EUR per well, which
then determine the number and average spacing of the wells (i.e. number of wells per unit area) and
the rate at which they are established. New wells are drilled constantly in order to maintain a

particular level of gas production®.

Development would commence with the commissioning of supplementary seismic surveys across the
production block. In parallel with or immediately following this, access roads and new wellpads
would be established to enable drilling of a series of wells aimed at both resource delineation and
production. Importantly, a supply of process water would be sourced and, most likely, a central
treatment facility designed and constructed to treat the water evacuated from the wells (flowback

water, including produced water)®®. Water would be recovered for re-use and the waste separated

¥ The regulatory regime may prescribe production rates and, therefore, the rate of establishment of wells, their
number and spacing (as is the case in some states in the USA).
0 Modular water treatment facilities may be provided as an alternative to a central facility.
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from the flowback for disposal. A considerably greater volume of fracking fluid would be used in this

scenario than during the exploration and appraisal phase (Exploration Only scenario).

The drilling and production of wells would proceed at a
pace aimed at achieving a targeted rate of gas-flow that
can be maintained over time*’. For the scenario
considered here a sustained flow of gas of
approximately 172 million standard cubic feet (MMscf)
per day would be the target. To achieve this,
approximately 550 production wells would be drilled
from 55 wellpads (i.e. 10 wells per wellpad)*. In
addition to this total, a relatively small number of

resource delineation wells would be drilled. A schematic

Box 1.10. Gas flow required from
production wells

The fuel consumption of an SGT5 8000H
gas turbine with an electricity generation
capacity of 1 150 MW is 40 Kkg/s.
Expressed in scf, total fuel consumption
over a 35-year operational lifetime would
be approximately 2 207 billion standard
cubic feet (bscf). Assuming an EUR/well
of 4.0 bscf”, the minimum number of

indication of how the suite of wellpads and associated | Wells required to provide for this

consumption would total approximately

access roads and other infrastructure might be

distributed across a production block is presented in | 2°0: ThiS is the number of production

Figure 1.40. wells assumed for the Big Gas scenario.

Note that this is less than the number of

wells that could theoretically exhaust a

At the production sites condensate and produced water sl g e @ 5 G e i

would be stripped from any ‘wet gas’ that is produced approximately 1 250 wells. For this report,

and directed into storage tanks. This would be of either a | tne conservative total of 550 wells is

decentralised modular or centralised (Figure 1.31) assumed.

design. A flare would be installed to provide for safe
shut down, de-pressuring of the facility in an emergency and for the safe discharge of small volumes
of gas associated with routine maintenance and operations. Equipment such as well chokes and
manifolds would be installed to control gas flow pressures and a network of gathering pipelines would
be installed to convey the product to a gas compressor station (Figure 1.38 and 1.39). A proportion of
the pipeline network would probably be located within the corridors established for the wellpad
access roads.

*! The assumption here is that there is synchronisation and cooperation between the E&P Applicant/s and state
interests. An E&P Applicant’s likely desire to exploit resources as quickly and financially favourably as
possible would need to be balanced against state economic interests for production to sustain the downstream
development presented for this scenario (also for the next scenario that is described).

“2 An average EUR/well of 2.2 bscf is reported for the USA Barnett Shales (Oil and Gas Journal, 2014;
http://www.ogj.com/articles/print/volume-112/issue-11/drilling-production/new-well-productivity-data-provide-
us-shale-potential-insights.html). Production from the Marcellus Shales, in Pennsylvania USA, is averaging
approximately 6.5 bscf per well (Tom Murphy (n.d.), Pennsylvania State University, USA). For this assessment,
a conservative EUR/well value of 4.0 bscf is assumed; i.e. mid-way between the reported Barnett and Marcellus
shale production values.
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Treated gas would be exported from the production block at the requisite pressure and flow rate via a
pipeline. This would supply gas to the 1 000 MW CCGT power station, which would be established
probably less than 100 km from the production block.

Figure 1.38:  Example of a shale gas compressor station situated at a wellhead complex. Tanks used to store
produced water and condensate, separated from ‘wet gas’, are shown located towards the top left of the
photograph (Source: Tom Murphy (n.d.), Pennsylvania State University, USA).

Figure 1.39:  Example of a centralised gas compressor station. Compressed gas would be exported from this
facility, via pipeline, to a downstream facility such as a CCGT power station (Source: Tom Murphy (n.d.),
Pennsylvania State University, USA).
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Figure 1.40:  Notional schematic illustration of wellpads, access roads pipeline grids and other infrastructure
established in an area (30 x 30 km) notionally targeted for small-scale development and production. In practice,
there would likely be greater orderliness, than indicated here, to the distribution pattern of wellpads and wells,
for example, to accommaodate regional tectonic stresses. For the scheme presented here, the gathering pipeline
system conveying gas to the processing plant would be located within the road corridors that are indicated.

Planning, site preparation, drilling, fracking and production would proceed as described in Section
1.4.3.2.2.1. Although many activities would be associated with each of these project elements, those

to which the status can be assigned of being key impact drivers include the following:

Clearing of wellpad areas and the crew accommodation sites.

e Construction of new access roads to wellpads.

e Rail plus road transport to site of drilling fluid compounds (mostly containerised).
¢ Rail plus road transport to site of well casing.

e Road transport to site of the components for several drilling rigs (power units, derricks and

other equipment).

¢ Road transport to site of the components for several drilling rigs (power units, derricks and

other equipment).
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e Road transport to site of ancillary equipment supporting drilling operations at the wellpads

(e.g. pumps, generators).

e Road transport to site of temporary infrastructure and equipment used to refurbish the crew

accommodation (e.g. to upgrade the camp previously used for exploration operations).

e Transport to site of a truck-mounted drilling unit for creating shallow aquifer water
monitoring wells (probably mobilised to site during the phase of establishing environmental

baseline conditions).
¢ Road transport during operations.
e Sourcing and supply of potable water for domestic use.
e Sourcing and supply of process water to prepare drilling mud and for fracking fluid.

e Process water treatment and disposal of waste (including brine and sludge recovered from
flowback).

e Drill cuttings disposal.

¢ Noise and light emissions.

e Construction of gathering gas pipeline networks.

e Construction of gas processing facilities, including a compressor station.

e Servitude arrangement and construction of a gas export pipeline and its connection to the

CCGT powver station.
e Domestic and solid waste management.
e Hazardous waste management.
e Flaring of gas during drilling and well-flow testing.
e Employment, personnel logistics, and labour negotiations.

e Management of safety, security and medical/health.

Quantification of the main activities/impact drivers is presented in Table 1.5.
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Table 1.5:

Small Gas development and production scenario: Quantification of key activities/impact drivers

associated with drilling, gas-processing and -pipeline infrastructure within the study area.

Impact driver Unit Factor Total Comments

Drilling rigs 3rigs 3rigs

commissioned

Employment: 100 personnel 3rigs; 5-10 300 personnel Expat specialists 20%";

Drilling per rig® years National professionals 10%;

campaign duration of National skilled 10%;

operations Local unskilled 60%

Drill rig height 40m

Number of 55 wellpads 55 wellpads

wellpads

established

(10 wells per

wellpad)

Access roads 0.5 km per wellpad 55 27.5 km

constructed to wellpads

wellpads

Wellpad 2 ha per wellpad 55 Up to 110 ha Larger multi-well wellpads,

footprint wellpads compared to exploration

Crew 1 ha 1 camp 1 ha Same camp used for

accommodation exploration, but refurbished

camp footprint

Transport of Truck visits per well 550 wells | 160 000 truck visits | Extrapolated from and adjusted

drilling rig, First 100 wells: 500 based on Shell EMPr:

casing and Next 100 wells: 400 (http://southafrica.shell.com/ab

ancillary Next 100 wells: 300 outshell/shell-businesses/e-

equipment to >300 wells: 200 and-p/karoo.html). Golder

and from (split between 10 t Associates (2011)

wellpads and 20 t trucks)

Hydraulic Truck visits per well 550 wells | 160 000 truck visits | Extrapolated from and adjusted

fracturing: truck | First 100 wells: 500 based on Shell EMPr:

visits per well Next 100 wells: 400 (http://southafrica.shell.com/ab
Next 100 wells: 300 outshell/shell-businesses/e-
>300 wells: 200 and-p/karoo.html). Golder

Associates (2011)

General utility Numerous Numerous Thc through transport planning

vehicles in study.

operation

throughout

Drilling fluid 825 m* 275 226 875 m°

water: vertical wells “

wells sections.

Assumed

3000 m depth

(no re-use of

water)*®

** As experienced drilling crews are established, this total number of personnel could reduce; i.e. this is an
estimate of the maximum crew size (also, the crew size that would likely be employed in the first number of
years).

“ Over time, the proportion of expatriate personnel would diminish relative to the involvement of national
professionals. Local competency and capacity would develop through training, experience gained and
entrepreneurial drive — probably also in response to licensing conditions.

5 “no.” and “% re-use” statistics are given here (and elsewhere in the table) to indicate the range of possibilities
regarding the demand for process water and the use of drilling and fracking compounds. Total demand/use will
be lower in the event that there is recovery and re-use at the levels (%) indicated.

“*® 1t is assumed that a pair of horizontal wells would be directionally drilled for fracking from each vertical
well.
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Impact driver

Unit

Factor

Total

Comments

Drilling fluid
water:
horizontal
wells.
Assumed
1500 m
horizontal
(no re-use of
water)

450 m®

550 wells

247 500 m®

Drilling fluid
water: vertical
well sections
(50% re-use of
water)

412 m®

275 wells

113300 m®

Drilling fluid
water:
horizontal wells
(50% re-use of
water)

225 m°

550 wells

123 750 m°®

Drilling fluid
compounds:
vertical well
sections

(no re-use)

300 t per well

275 wells

82500 t

Drilling fluid
compounds:
horizontal wells
(no re-use)

150 t per well

550 wells

82500t

Drilling fluid
compounds:
vertical well
sections
(50% re-use)

150 t per well

275 wells

42 250 t

Drilling fluid
compounds:
horizontal wells
(50% re-use)

75 t per well

550 wells

41250t

Drill cuttings:
vertical well
sections

550 m” per well

275 wells

151 250 m®

Drill cuttings:
horizontal wells

300 m”® per well

550 wells

165 000 m°®

Drilling rig fuel
use

1. Diesel:
1 850 gal/day; 7 t
/day*’

2. Natural gas:
257 MMBtu/day;

6.5 t/day oil
equivalent®®

30 days
drilling per
well

550 wells

1. Diesel: 115000 t

2 Gas: 107 000 t

Over time, with experience
gained by drilling crews, the
assumed drilling duration of
approximately 30 days per well
could reduce to around 20
days.

Hydraulic
fracturing
water:

(no-reuse)

15 000 m® per well

550 wells

8 250 000 m’

“" Diesel consumption of a drilling rig powered by a Caterpillar C32 or C3512 engine
“8 Natural gas consumption of a drilling rig powered by a General Electric JC 320 Jenbacher engine
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Impact driver Unit Factor Total Comments
Hydraulic 10 000 m® per well 550 wells 5500 000 m*
fracturing
water:
(30% re-use)
Flowback Injected volume of 550 wells 82 500 m°
sludge fluid per well:
approx.
15 000 m®;
Flowback: 30% of
injected volume (5
000 m®);
Sludge: 3% of
flowback (i.e. 150 m*
per well)
Flowback brine Injected volume of 550 wells 1375000 m®
fluid per well:
approx. 15 000 m?;
Flowback: 30% of
injected volume
(5000 m?);
Brine: 50% of
flowback (i.e. 2 500
m° per well);
Produced water 2 m® per well per 550 wells 4015000 m° Some fraction of this volume
day; produced water may be classed hazardous
10 year well lifetime
Light emissions 24 hr operational and security
lighting of wellpads with
development operations
underway; crew
accommodation areas.
Drilling rig Diesel-fuelled rig Diesel-fuelled rig | Approximately 30 days drilling
emissions CO0: 10.38 kg/day 550 wells C0:171 270 kg per well; drilling duration
NOx: 160.13 kg/day NOx: 2 642 145 kg | could decrease to around 20
PM: 1.675 kg/day 30 days PM: 27 637 kg days as drilling crews gain
HC: 2.345 kg/day drilling per HC: 38 692 kg experience.
well
Gas-fuelled rig Gas-fuelled rig Emissions calculations based
CO: 9.94 kg/day CO0: 164 010 kg on 30 days drilling duration per
NOXx: 34.27 kg/day NOXx: 565 455 kg | well (compare diesel vs gas)
Particulates: 0.08 PM: 1 320 kg
kg/day HC: 8 250 kg
Hydrocarbons: 0.5
kg/day
Hazardous 1t per well 550 wells 550t
waste (e.g.
grease, used
engine oil)

Domestic water

0.15 m° per person

See crew sizes per operation

use (drinking, per day
sanitation)
Drilling rig 90 dB 24 hrs

noise emissions

Domestic waste

0.46 kg per worker
per day

See crew sizes per operation

Sanitary waste

0.1425 m® per worker
per day

See crew sizes per operation
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In the event that an economically viable shale gas discovery within the study area does not exceed
5 tcf, the Small Gas scenario would be limited to what has just been described. However, if the gas
discovery is considerably larger, development and production could proceed via an initial small-scale

development (e.g. as above) to the scenario that is described next.

1.45 BigGas

1.45.1 Scenario statement

The scenario that could result from SGD proceeding to a large-scale production development is

expressed as follows:

Box 1.11. Big Gas scenario

In 2050, directed by the country’s Gas Utilisation Master Plan, there are two CCGT power stations established
in the central Karoo. Each of the power stations is of 2 000 MW generating capacity. One of the power stations
is an upgrade to and expansion of the 1 000 MW CCGT facility built almost 20 years ago as the first
downstream SGD project was initiated in partial response to constraints on electricity generation capacity
experienced in South Africa at the time. The second power station is recently constructed. The modular design
of both facilities allowed for their construction much more efficiently than, for example, coal-fired equivalents.
The power stations contribute significantly to the country’s energy supply mix, which is also defined by major
contributions from an LNG-fuelled power station established north of Cape Town and from the Karoo’s
renewable energy sector. Directed by the country’s Integrated Energy Plan, there is also a new GTL plant
established at the coast. It is supplied with shale gas via a pipeline from the central Karoo®. Designed and built
using best available technology, its operations are in compliance with strict global environmental standards®.

Shale gas exploration was initiated in 2018. By 2025, exploration operations revealed an economically viable
shale gas reserves in the central Karoo totalling approximately 20 tcf, sufficient to sustain production demand
for several decades. An environmental audit of all SGD activities in the study area, undertaken in 2048, showed
that rehabilitation of areas at abandoned exploration, appraisal and decommissioned production wellpads and
the network of decommissioned access roads to these sites have fully achieved the targets specified in the
project Environmental Impact Assessments and accompanying Environmental Management Programmes.
Environmental monitoring will continue for a number of decades.

The suite of SGD activities comprising this scenario correspond largely with those just described for
the Small Gas scenario (Section 4.4) but scaled up considerably. The up-scaling process and
infrastructure development are discussed below, including a quantification of key SGD

activities/impact drivers that would define this production scenario.

*® The facility could be located elsewhere (e.g. at Sasolburg).

%0 Although production via a GTL plant is more expensive than, for example, refining of crude oil, economic
justification for the plant could be based on balance of payment savings (i.e. through reduced importation of
purchased crude oil or LNG). The country’s Integrated Energy Plan provides for the establishment of one new
GTL plant in South Africa of relatively small refining capacity (similar to what is proposed in this scenario).
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1.45.2 Key impact drivers of large-scale gas development

The scenario considered here, of large-scale production, would materialise in stages, with the
development described in Section 1.4.4 being an early stage initiative. Commencement of
development and production of subsequent stages would likely occur approximately 10 years after
initiation of SGD activities within the study area and would continue over a period of decades (Figure
1.19).

It is assumed that the main activities through which the Big Gas scenario would materialise would
occur within four production blocks, each measuring 30 x 30 km; i.e. three blocks additional to the
single block developed for the already-described Small Gas scenario. A schematic indication of how
the suite of wellpads and associated access roads and other infrastructure might be distributed per

production block, in their fully developed state, is presented in Figure 1.41.

Figure 1.41:  Notional schematic representation of gas production infrastructure within one fully developed
block (30 x 30 km). See caption of Figure 1.40 regarding the greater degree orderliness expected for the wellpad
locations in practice. Note that an additional three similar production blocks would be developed to deliver the
volumes of gas required for the Big Gas scenario (i.e. a total of four production blocks with similar development
layouts). For the Big Gas scenario the size of the production blocks may increase in extent to account for
technical and environmental buffer areas between wellpad locations. These buffer areas are not indicated in the
notional schematic.
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Development would follow a similar pattern as for the
Small Gas scenario. On a block-by-block basis, an
initial suite of wells and infrastructure would be
developed to supply the downstream gas demand, with
ongoing development compensating for diminishing
gas flow from older wells®. Development and
production would have a dual focus: First, gas
production would ramp up to approximately 688
MMscf per day to supply two 2 000 MW CCGT power
stations. This would include the 172 MMscf flow of
gas per day sourced from 550 wells already in
production supplying the established 1 000 MW power
station, which would be upgraded (Section 1.4.4).
Second, production would provide a sustained flow of
gas of approximately 600 MMscf per day to supply a
GTL plant with a refining capacity of 65000 bbl per
day®. Feedstock supplying both the power stations and
the GTL plant (approximately 1 100 MMscf per day)
would be sourced from approximately 4 100
production wells (410 wellpads; 10 wells per
wellpad)®,

Planning, site preparation, drilling, fracking and
production would proceed as described in Sections
143221 and 1.4.4.2. Although many activities
would be associated with each of these project
elements, those to which the status of key impact

drivers can be assigned include the following:

Box 1.12. Gas demand for downstream

utilisation

CCGT power station gas consumption

As stated for the Small Gas scenario, the fuel
consumption of an SGT5 8000H gas turbine with
an electricity generation capacity of 1 150 MW is
40 kg/s. For a 35-year operating lifetime, total fuel
consumption (expressed in scf) for a set of
turbines with four times this generating capacity
(i-e. in the order of 4 000 MW) would be approx. 8
829 bscf. Assuming an EUR/well of 4.0 bscf (see
earlier footnote), the minimum number of wells
required to provide for this consumption would be
2 200. This is the number of production wells
assumed for the Big Gas scenario relating to the
CCGT facilities.

GTL gas supply

For a flow-rate of 600 MMscf per day (0.6 bscf
per day) supplying a GTL facility over a 35-year
operating lifetime, total consumption of gas would
be approx. 7 665 bscf. Assuming an EUR/well of
4.0 bscf, the minimum number of wells required to
would  be

provide for this consumption

approximately 1 900.

Gas demand of CCGT and GTL facilities
For the Big Gas scenario the assumed total number

of production wells that would be developed is
approx. 4 100. Note this is less than the number of
wells that could theoretically exhaust a shale gas
reserve of 20 tcf, which is approx. 5 000. For this
assessment, the total of 4 100 production wells is

assumed.

> Each production block (30 x 30 km) would be divided into a series of smaller sub-blocks (e.g. 9 x 6 km),

which would be individually developed as discrete units.

52 The rate of 600 MMscf per day is derived from supply statistics for PetroSA’s Mossel Bay GTL facility.
% An average EUR/well of 2.2 bscf is reported for the USA Barnett Shales (Oil and Gas Journal, 2014;
http://www.ogj.com/articles/print/volume-112/issue-11/drilling-production/new-well-productivity-data-provide-

us-shale-potential-insights.html). Production from the Marcellus Shales, in Pennsylvania USA, is averaging
approximately 6.5 bscf per well (Tom Murphy (n.d.), Pennsylvania State University, USA). For this assessment,
an EUR/well value of 4.0 bscf is assumed; i.e. mid-way between the reported Barnett and Marcellus shale

production values.
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o Clearing of wellpad areas and crew accommodation sites.

e Construction of new access roads to wellpads.

o Rail plus road transport to site of drilling fluid compounds (mostly containerised).

o Rail plus road transport to site of well casing.

¢ Road transport to site of the components for a number of drilling rigs (power units, derricks
and other equipment).

e Road transport to site of ancillary equipment supporting drilling operations at the wellpads
(e.g. pumps, generators).

e Road transport to site of temporary infrastructure and equipment used to refurbish and
establish new crew accommodation facilities.

e Transport to site of a truck-mounted drilling unit for creating shallow aquifer water
monitoring wells (probably mobilised to site during the phase of establishing environmental
baseline conditions).

o Road transport for operations.

e Sourcing and supply of water for domestic use.

e Sourcing and supply of process water to prepare drilling mud and for fracking fluid.

e Process water treatment and disposal of waste (e.g. brine and sludge recovered from
flowback).

e Drill cuttings disposal.

¢ Noise and light emissions.

e Construction of gathering gas pipeline networks.

e Construction of gas processing facilities, including an upgraded compressor station.

e Servitude arrangements; construction of gas export pipelines to the power stations and the
GTL plant.

e Domestic and solid waste management.

e Hazardous waste management.

e Flaring of gas during drilling and well-flow testing.

e Employment, personnel logistics, and labour negotiations.

¢ Management of safety, security and medical/health.

Quantification of the main activities/impact drivers comprising the production drilling and gas

processing and pipeline infrastructure is presented in Table 1.6.
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Table 1.6:

Big Gas scenario: Quantification of key activities/impact drivers associated with drilling and

gas-processing and -pipeline infrastructure within the study area.

Impact driver Unit Factor Total Comments
Drilling rigs Up to 20 rigs Up to 20 rigs
commissioned
Employment: 100 personnel per well rig™ 20 rigs 2 000 personnel | Expat specialists
Drilling (assumed) employed 20%°°; National
campaign professionals 10%;
National skilled 10%;
Local unskilled 60%.
Drill rig height 40 m
Number of 410 wellpads 410 wellpads
wellpads
established
(10 wells per
wellpad)
Access roads 0.5 km per wellpad 410 wellpads 205 km access
constructed to roads
wellpads
Wellpad 2 ha per wellpad 410 wellpads Up to 820 ha
footprint
Crew 1 ha per camp 2 camps per Upto8ha
accommodation production
camp footprint block; 4
blocks; 8
camps
Transport of Truck visits per well 4100 wells 1066 000 truck | Extrapolated from and
drilling rig, First 100 wells: 500 visits adjusted based on Shell
casing and Next 100 wells: 400 EMPr:
ancillary Next 100 wells: 300 (http://southafrica.shell
equipment to >300 wells  : 200 .com/aboutshell/shell-
and from (split between 10 t businesses/e-and-
wellpads and 20 t trucks) p/karoo.html). Golder
Associates (2011)
Hydraulic Truck visits per well 4100 wells 1066 000 truck | Extrapolated from and
fracturing: truck First 100 wells: 500 visits adjusted based on Shell
visits per well Next 100 wells: 400 EMPr:
Next 100 wells: 300 (http://southafrica.shell
>300 wells  :200 .com/aboutshell/shell-
businesses/e-and-
p/karoo.html).
General utility Numerous Numerous Thc through transport
vehicles in planning study.
operation
throughout
Drilling fluid 825 m® per well 2 050 wells>® 1691 250 m®
water: vertical
well sections
3000 m depth

(no re-use of
water)

% As drilling crews gain experience, this total number of personnel could reduce; i.e. this is an estimate of the
maximum crew size. It is assumed that this is the crew size that would be employed in the first number of years

of production.

% Over time, the proportion of expatriate personnel would diminish relative to national professionals; i.e. local
competency and capacity would develop.
*® |t is assumed that a pair of horizontal wells would be directionally drilled for fracking from each vertical well.
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Impact driver

Unit

Factor

Total

Comments

Drilling fluid
water:
horizontal wells
1500 m
horizontal

(no re-use of
water)

450 m® per well

4100 wells

1 845000 m®

Drilling fluid
water: vertical
well sections
(50% re-use of
water)

412.5 m® per well

2 050 wells

845 625 m*

Drilling fluid
water:
horizontal wells
(50% re-use of
water)

225 m® per well

4 100 wells

922 500 m*

Drilling fluid
compounds:

vertical well

sections

(no re-use)

300 t per well

2 050 wells

615 000 t

Drilling fluid
compounds:
horizontal wells
(no re-use)

150 t per well

4 100 wells

615000t

Drilling fluid
compounds:
vertical well
sections
(50% re-use)

150 t per well

2 050 wells

307 500t

Drilling fluid
compounds:
horizontal wells
(50% re-use)

75 t per well

4100 wells

307 500 t

Drill cuttings:
vertical well
sections

550 m® per well

2 050 wells

1127 500 m®

Drill cuttings:
horizontal wells

300 m® per well

4 100 wells

1230 000 m®

Drilling rig fuel
use

1. Diesel:
1 850 gal/day; 7 t /day®’

2. Natural gas:
257 MMBtu/day; 6.5 t/day

oil equivalent®®

Approximatel
y 30 days
drilling per
well;

4100 wells

1. Diesel:
861 000 t

3. Gas
799 500 t

Over time, the drilling
duration of
approximately 30 days
per well could reduce
to around 20 days.

Hydraulic

fracturing water:

(no-reuse)

15000 m® per well

4100 wells

61 500 000 m®

Hydraulic

fracturing water:

(30% re-use)

10 000 m® per well

4100 wells

41 000 000 m®

> Diesel consumption assumed for a drilling rig powered by a Caterpillar C32 or C3512 engine
*® Natural gas consumption assumed for a drilling rig powered by a General Electric JC 320 Jenbacher engine
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Impact driver Unit Factor Total Comments

Flowback Injected volume of fluid per 4100 wells 615 000 m*

sludge well: approx. 15 000 m*;

Flowback: 30% of injected
volume (5 000 m);
Sludge: 3% of flowback
(i.e. 150 m® per well)
Flowback brine | Injected volume of fluid per 4100 wells 10 250 000 m®
well: approx. 15 000 m?;
Flowback: 30% of injected
volume (5 000 m®);
Brine: 50% of flowback
(i.e. 2 500 m® per well);
Produced water 2 m® per well per day; 4100 wells 29 930 000 m* Some fraction of this
10 year well lifetime volume may be classed
as hazardous.

Light emissions 24 hr operational and
security lighting for
wellpads with
development
operations underway;
crew accommodation
areas.

Drilling rig Diesel-fuelled rig Diesel-fuelled rig | Approximately 30 days

emissions CO: 10.38 kg/day 4100 wells CO: 1276 740 kg | drilling per well;

NOx: 160.13 kg/day NOx: 19 695 990 | drilling duration could
Particulates: 1.675 kg/day 30 days kg decrease to around 20
Hydrocarbons: 2.345 kg/day drilling per PM: 2 016 025 kg | days as drilling crews
well HC: 288 435 kg | gain experience.
Gas-fuelled rig Gas-fuelled rig Emissions calculations
CO: 9.94 kg/day CO: 1222620 kg | based on 30 days
NOx: 34.27 kg/day NOx: 4 215 210 | drilling duration per
Particulates: 0.08 kg/day kg well (compare diesel vs
Hydrocarbons: 0.5 kg/day PM: 9 840 kg gas)
HC: 61 500 kg

Hazardous 1t per well 4100 wells 4100t

waste (e.g.

grease, used

engine oil)

Domestic water 0.15 m® per person per day See crew sizes per

use (drinking, operation

sanitation)

Drilling rig 90 dB within 10 m 24 hrs operations

noise emissions

Domestic waste

0.46 kg per worker per day

See crew sizes per

operation
Sanitary waste 0.1425 m® per worker per See crew sizes per
day operation
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Box 1.13. Key features of a Combined Cycle Gas Turbine (CCGT) power station

Produced shale gas would provide the feedstock for the two CCGT power stations assumed for this report.
After compression, the gas would be transported to the power stations by pipeline. The duration of
construction of the facilities would be approximately 24 and 30 months for a 1 000 and 2 000 MW facility,
respectively. About 150 permanent operation jobs would be created for skilled staff and support labour per
facility. The combined spatial footprint of the two power stations would be in the order of 30 ha (an
additional 10 ha during construction). Gas turbine air emissions would be in the order of:

NOy: < 25 parts per million by volume dry mass (ppmvd) during base load
CO: < 10 ppmvd during base load

CO,: 650 kg/MW (IPCC, 2014)

Exhaust flow: 850 kg/s

In the water scarce environment of the study area, air cooling technology would be employed. The total
water consumption (not for cooling) would be about 10 m® per day. Generated power would feed into the
national electricity grid via either an existing or a new dedicated sub-station. The appropriate kv
transmission line capacities would be provided for the power stations.

Box 1.14. Key features of a Gas to Liquid (GTL) plant

For the scenario considered here, produced shale gas would be compressed and piped to a GTL plant
located either at the coast (e.g. Coega Industrial Development Zone, the existing PetroSA GTL refinery at
Mossel Bay) or in Gauteng (e.g. Sasolburg). A new GTL plant would take about 5 years to construct. The
basic GTL process converts natural gas into longer-chain hydrocarbons such as gasoline, diesel and other
valuable petrochemical products using modern Low-Temperature Fischer—Tropsch technologies. Piped
shale gas would feed the GTL plant at a rate of 600 MMscf per day. About 65 000 bbls per day of refined
product would be produced. The facility would have a physical footprint of approximately 160 ha. A GTL
plant at the coast would use sea water as a cooling medium. In the case of an inland facility, fresh water
would be used, with the quantity determined on the basis of the quality of available fresh water and
average water and ambient air temperatures. Approximately 750 — 900 permanent jobs would be created
during operations. GTL air emissions would be in the region of:

Flue gas: 1800 t/hr; CO, = 24% - 27%.
Nitrogen: 2000 t/hr

Cooling water evaporation losses: 1200 t/h
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1.6 Digital Addenda 1A

SEPARATE DIGITAL DOCUMENT

Table A.1: Substances commonly used in drilling and fracking fluids, and an indication of their toxicity levels.
Table A.2: Chemicals that may not be added to fracking fluids in South Africa (DMR 2015).
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DIGITAL ADDENDA 1A

Table A.1: Substances commonly used in drilling and fracking fluids,
and an indication of their toxicity levels.

Compiled from US EPA 2015a and US EPA 2015b.

Additive type

Function

Types of chemical used

Toxicity

Thickeners

increase viscosity of the fracking fluid,
making high-pressure pumping more
efficient; suspension of proppants

carboxymethylcellulose,
xanthan gum, guar gum,

glycol

ethylene glycol (radiator
fluid) extremely toxic

Deflocculants

thinning agents used to reduce viscosity
or prevent flocculation (sometimes
incorrectly called “dispersants”)

acrylates, polyphosphates,
lignosulphonates

acrylates may be toxic;
acrylamide is a known
neurotoxin

Friction additives used to produce “slick water”, | petroleum distillate, used as a | petroleum distillates contain

reducers, which reduces friction in the wellbore, | carrier fluid for poly- hazardous chemicals;

lubricants increasing fluid-flow velocity acrylamides or polyacrylics polyacrylamide not toxic but
breaks down to toxic
acrylamides

Weighting increase weight of muds, prevent barium sulphate (barite) extremely insoluble so not

agents ingress of water into the well being classified by USEPA as

drilled; prevents blow-outs hazardous

Fluid-loss reduce loss of drilling fluids into diesel, particulates, sand diesel contains hazardous

additives permeable rock formations chemicals

Clay control Prevent swelling and migration of KCI; quaternary amines (= QACs toxic to aquatic

formation clays, which can cause
reduced permeability and productivity
by clogging pore spaces in the
formation

quaternary ammonium
compounds: QACS)

organisms at environmentally
relevant concentrations
(Tezel, 2009)

Gelling agents

Increase fluid viscosity; increase the
ability of the fluid to carry proppant
and help to minimise fluid loss.

Hydroxy-ethyl cellulose
(HEC)

HEC and carboxy-methyl-
hydroxy-ethyl cellulose
(CMHEC); guar gum; foams/
poly-emulsions using N,, CO,
or a hydrocarbon (e.g.
propane), diesel or
condensate; ethylene glycol

Diesel and condensate (ultra-
light fuel oil) contain
hazardous chemicals;
ethylene glycol (radiator
fluid) extremely toxic

Cross-linkers

Increase molecular weight of polymers
by cross-linking, thereby

increasing viscosity, elasticity and
ability of the fluid to transport proppant

guar and CMHEC based gels;
Boric acid and B salts of Ca
and Mg; metals including
Titanium, Zirconium, lron,
Chromium & Aluminium;
organic borate complexes;
ethylene glycol; methanol

Some metals toxic at low
concentrations; borates used
in insecticides and antibiotics,
and “toxic for reproduction”
(EU regulations); ethylene
glycol (radiator fluid)
extremely toxic; methanol
highly toxic

Buffers Adjust pH to allow for dispersion, Combinations of sodium formic and fumaric acids
hydration and crosslinking of the bicarbonate; formic acid,; mildly toxic; hydrochloric
fracking-fluid polymers sodium carbonate; fumaric acid corrosive, causes severe

acid; sodium hydroxide; burns when concentrated
hydrochloric acid;

monosodium phosphate;

magnesium oxide

Surfactants Reduce the surface tension of EGMBE (ethylene glycol toxicity of both EGMBE and
the fracturing fluid to improve fluid monobutyl ether) and BGMBE low but "potentially
recovery; prevent formation of BGMBE (butylene glycol toxic inert, with high priority

emulsions; can be used as emulsifiers,
foaming agents, defoaming agents, and
dispersants.

monobutyl ether)

for testing" (USEPA)
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Additive type | Function Types of chemical used Toxicity
Viscosity Stabilise the fluid at high temperatures | methanol (used at 5 to 10% of | methanol highly toxic
stabilisers the fluid volume) and sodium

thiosulfate

Scale inhibitors

Prevent scale deposits in pipes

sodium polycarboxylates
including co-polymers of
acrylamide and sodium
acrylate; phosphonic acid
salts

acrylates may be toxic;
acrylamide is a known
neurotoxin

Acids Restore permeability lost as a result of | hydrochloric acid both acids corrosive, cause
the drilling process or initiate (concentrations up to 15%) severe burns when
fracturing, achieve greater fracture and hydrofluoric acid concentrated
penetration, and reduce clogging of the
pore spaces and fractures by dissolving
minerals and clays.

Biocides Minimise decomposition of gelling quaternary amines, amides Biocides are by their nature

polymers by aerobic bacteria; prevent
anaerobic sulphate- reducing bacteria,
which can “sour” a well and produce

corrosive hydrogen sulphide gas

and aldehydes (= quaternary
ammonium compounds:
QACSs); glutaraldehyde;
chloro-phenates [=
chlorophenols?];
isothiazolinone; ozone;
chlorine as hypochlorous
acid, chlorine dioxide; UV
light

toxic: QACs (Tezel, 2009)
and isothiazolinone toxic to
aquatic organisms at
environmentally relevant
concentrations;
glutaraldehyde (similar to
formaldehyde) and
chlorophenols highly toxic

(Gel) breakers

Reduce viscosity and facilitate
blowback of fluid after fracking

oxidisers: ammonium
persulfate, sodium persulfate;
calcium and magnesium
peroxides; acids: acetic or
hydrochloric acid; enzymes:
hemicellulase, cellulase,
amylase and pectinase

Persulphates irritants and
toxic; peroxides unstable and
sometimes explosive;
hydrochloric acid corrosive,
cause severe burns when
concentrated

Corrosion Protect iron and steel equipment and e.g. N,n-dimethyl formamide | N,n-dimethyl formamide a
inhibitors well-bore components from corrosive hazardous chemical; thought
acids to cause birth defects

Radioactive Show the injection profile and locations | Antimony-124, argon-41, Radioactive tracers pose

tracers of fractures cobalt-60, iodine-131, negligible risk to the public
iridium-192, lanthanum-140, when handled, transported,
manganese-56, scandium-46, | stored and used according to
sodium-24, silver-110m, appropriate guidelines.
technetium-99m, xenon-133

Scale Increase the solubility of metals, citric and acetic acids; ethylene glycol (radiator

inhibitors, iron
control

particularly iron, so controlling rust,
sludges, and mineral scales

ethylene glycol

fluid) extremely toxic

Oxygen
scavengers

Control rust by removing oxygen from
the fluid

ammonium bisulphite

ammonium bisulphite
“hazardous to health”

volatile organic compounds
(VOCs) such as benzene,
toluene, ethylbenzene and
xylene - (BTEX compounds)

effects on CNS;
human carcinogens
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Table A.2: Chemicals that may not be added to fracking fluids in South Africa (DMR 2015).

NOTE that the heading of the list refers to “chemicals regulated under Safe Drinking Water Act ...”, but this seems to be an
Australian Act (there is no such Act in South Africa, where drinking water is regulated under SANAS 421).

1- Methylnaphthalene
2- Butanone

2- Hexanone

2- Methylnaphthalene
2- Methylphenol

2- Pyrrolidone

3- Methylphenol

4- Methylphenol

4- Methylphenol
Acetaldehyde
Acetone

Acetonitrile
Acetophenone
Acrylamide

Aniline

Benzene

Benzidine

Benzyl chloride
Bromomethane
Chloroethane

Copper

Cumene (isopropylbenzene)
Di (2- [Incomplete name - might be able to identify the substance by searching for CAS no. 117-82-7 at

https://www.cas.org/content/chemical-substances]*

Diesel

Diethanolamine (2,2-iminodiethanol)
Dimethyl formamide

Ethylbenzene

Ethylene glycol

Ethylene oxide

Formaldehyde

Hydrogen chloride [hydrochloric acid]
Hydrogen fluoride (hydrofluoric acid)

Isophorone
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Lead

Methanol
Naphthalene
Nitrilotriacetic acid
p- Xylene

Phenol

Phenol

Phthalic anhydride
Propylene oxide
Pyrrole

Sulphuric acid

Thiophene

Thoreau [Thoreau is a chemical company - might be able to identify the substance by searching for CAS

no. 62-56-6 at https://www.cas.org/content/chemical-substances]*

Toluene

Vinyl chloride
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Executive Summary

South Africa’s energy system is based on coal and oil; natural gas could be a missing link

The South African energy system is currently based on domestic coal and imported oil, with limited
wind and solar photovoltaic (PV) renewable energy supply. Natural gas is currently only available in
small quantities. The electrical power sector is the largest energy supply sector, predominantly based
on the burning of domestic coal (~90%). The heating sector is generally small, and the transport
sector is supplied by liquid fuels (crude or refined) which are either imported or domestically

produced through coal-to-liquid (CTL) and gas-to-liquid (GTL) processes.

Domestic gas resources (from a number of offshore gas fields close to Mossel Bay) are nearing
depletion, and imported piped gas from Mozambique is currently predominantly utilised by Sasol as
feedstock into their CTL process. In this process, the natural gas is used for hydrogen production as a

necessary feedstock for the production of carbon monoxide which together forms syngas (CO, H,).

Natural gas could be a missing link in South Africa’s energy system, as it exhibits certain qualities
that existing energy carriers do not possess. Natural gas:

1. Cuts across a number of sectors in its possible end use (power generation, heat and
transport);

2. s easily transported via pipelines;

3. Is supported via a growing international market capacitated via increasing liquefied
natural gas (LNG) trade volumes;

4. The complexities surrounding gas storage (gaseous/liquefied) are appreciable, but
relative to coal, is typically considered to be a more homogeneous fuel and thus more
flexible and easier to handle;

5. Is less CO, intensive when burnt per heat value than coal and in addition its heat value
can be more efficiently utilised (combined-cycle gas turbines with up to 60%
efficiency);

6. Is less of a general air pollutant than coal (Sulphur Oxide (SOx), Nitrogen Oxide
(NOx), Mercury, particulates etc.);

7. Fires power stations (gas turbines and gas engines) that are technically highly flexible
in their ramping and cold-start capabilities and can be operated at very low power
output compared to their nameplate capacity without much deterioration in efficiency;
and

8. Has an inherent end-use cost structure that is capital light and more fuel intensive,

which makes it economically flexible.
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Possible drawbacks of natural gas could include:

1. Price volatility if procuring gas on spot markets or linked to oil prices (albeit limited in
comparison to overall system size);

2. If imported (not domestically sourced via conventional/unconventional sources), there
is exchange rate risk (albeit limited in comparison to overall system size);

3. Natural gas leakage during production and transport when considering large scale
usage is problematic, especially when considering the greenhouse gas (GHG) potential
of natural gas. However, the electricity mix when including natural gas will likely
include significant renewables and as a result system level emissions will be
significantly lower. More detail on this can be found in Chapter 3 of this report
(Winkler et al., 2016).

4. Hydraulic fracturing can cause environmental problems (water and air contamination as
well as general biodiversity impacts). This is dealt with in various other Chapters of
this report (Hobbs et al., 2016; Winkler et al., 2016; Holness et al., 2016).

Energy planning in South Africa done in different layers

Ideally, the Integrated Energy Plan (IEP) is the plan that links the different energy sectors and plans
for the entire South African energy system in an integrated strategic planning framework. The
Integrated Resource Plan (IRP) is the electricity plan for the country. The Gas Utilisation Master Plan
(GUMP) is a strategic plan which provides a long term roadmap for the strategic development of
natural gas demand and supply into South Africa’s diversified future energy mix. These plans are led
by the South African Department of Energy (DoE) usually in consultation with other government

entities and external stakeholders.

In terms of gas supply, South Africa has in principle three options:
1. Toincrease the volumes of piped gas imported from neighbouring countries;
2. Toimport LNG that is supplied from a global market; and/ or

3. To develop domestic sources (either conventional or unconventional).

Initial gas demand and the development of a gas market will likely be stimulated by LNG-based gas
supply creating large anchor demand that would trigger investments into additional gas infrastructure.
Following this, related investments into indigenous conventional (offshore) and unconventional
(shale/Coal-Bed Methane (CBM)) gas exploration will occur supplemented with increasing volumes
of imported piped gas. All these scenarios are similar in that the cost of natural gas would be above
the pure heat-value-based fuel cost of coal or diesel/petrol (while remaining cognisant of the fact that

it is still a fossil fuel but one that is less carbon intensive than coal).
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If shale gas became a new supply option with potentially low cost, it would affect the fundamentals of
the different energy plans’ scenarios. It mostly affects the IRP, as the electricity sector consumes
most of the primary energy sources (other than oil). The availability of an electrical power generation
technology and fuel that is cost competitive to new coal fundamentally changes the planning

assumptions and hence the planning outcomes.

Effect of significant shale gas on energy planning: Renewable energy enabler and less coal

Scenarios identified for shale gas development (SGD) in South Africa are summarised below.

Table i: Overview of scenarios as defined for the scientific assessment.

Seare Available shale gas Annual shale gas | Estimated cost range of

production (40 years)* shale gas®
Scenario 0 - - -
(Reference Case)
Scenario 1 0 tcf 0 PJ/a N/A
(Exploration Only)
Scenario 2 5 tcf 130 PJ/a 6-10 US$/MMBtu
(Small Gas) ~ 5300 PJ ~ 40 TWh/a = 20-35 US$/MWh

~ 1500 TWh | (=50% of current natural gas
supply in South Africa)

Scenario 3 20 tcf 530 PJ/a 4 US$/MMBtu
(Big Gas?) ~ 21000 PJ =150 TWh/a =15 US$/MWh
~ 5900 TWh (2.5-3 times current natural
gas supply in South Africa)

T Estimated based on generally accepted industry practice and national energy planning resources.
% The “Big Gas” scenario of this Scientific assessment and the “Big Gas” scenarios of the IRP and GUMP are
not the same scenarios and should be treated accordingly.

Significant domestic shale gas resources would affect the planning for the South African energy
sector. If the volumes are significant enough to justify energy plans for a couple of decades to be
developed around them, a second question would then be at what price the domestic shale gas can be

exploited.

Nominally priced shale gas (=6-10 US$/MMBTUu)

LNG-priced natural gas in a mix with cost effective variable renewables (VRE: solar PV and wind) is

today already cheaper than alternative base-load-capable new-build options in the electricity sector,
and would hence replace baseload and mid-merit coal in the electricity sector. This is regardless of
whether the natural gas is imported (LNG or piped) or whether it is domestic. As such, shale gas finds
do not affect the optimal planning scenario for the electricity sector. But if large volumes of shale gas
at prices below imported LNG and below imported piped gas could be made available, the domestic

shale gas would then essentially be a replacement for imported natural gas, hence improving the trade
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balance and shielding the country from volatility in the pricing of a globally traded commodity like
LNG.

Cheaply priced shale gas (<= 4 US$/MMBTUu)

Displacement of coal fired power generation: Cheaply priced shale gas would enable the creation of a

large, flexible gas-fired fleet of power generators that would be complementary to planned significant
VRE capacities for South Africa (while coal is retiring). In the electricity sector, gas-fired power
generation would now become cost competitive to new coal in its own right, even without blending
with low cost VRE. In such a scenario of cheap gas, domestically accessed without risk of exchange
rate fluctuations or global market volatility (local market volatility will still be present though), it
would be a no-regret move to deploy large amounts of gas-fired power stations and subsequently

complement them with a VRE fleet.

Fertiliser production: Potentially, South Africa could start producing its own fertiliser from very
cheap domestic shale gas. Fertiliser production is not an energy-related topic, but would create a link
between the energy and chemical sectors, which helps to balance fluctuations in energy demand

(chemical sector being the anchor gas off-taker).

Gas-fired transportation: If cheaply priced, shale gas could be utilised for transportation (internal
combustion engines run on compressed natural gas, electric vehicles running on gas fired power
generation and/or natural gas derived hydrogen fuelled vehicles). It furthermore can be used as input
feedstock into the GTL process to produce liquid transportation fuels. This would leverage the
existing expertise in this sector, but it comes at the risk of increasing CO, emissions unnecessarily, as
the natural gas could be burned with fewer emissions in internal combustion engines directly

(especially in urban areas).

Heating: With sufficient network infrastructure, residential space heating and cooking demand could
be supplied from natural gas. Similarly, industrial heat demand could switch from being supplied by
biomass, coal and electricity to natural gas. However, this would necessitate large investments in

domestic gas network infrastructure.

In general, the introduction of large quantities of cheap natural gas would increase the complexity
while assisting in the integration of energy planning, because it introduces links between previously
de-coupled energy sectors. It would however, for the very same reason, also make energy planning

more resilient, because natural gas can also be seen as a “pressure valve” that is introduced between
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different energy sectors and that allows for adjustment to changing planning assumptions between

sectors.

Risk of not finding sufficient or cheaply priced shale-gas resources

Not finding sufficient shale-gas resources

The role that shale gas would play in the energy mix, priced comparatively to imported piped gas (i.e.
cheaper than LNG) would be an improved trade balance and the lowered risk exposure to globally
determined commodity costs (in the case of LNG). These benefits of shale gas, even if not very
cheaply priced, are certainly beneficial for the economy from a financial and energy security

perspective.

From a purely technical energy planning perspective, the risk of not finding significant shale gas
resources is therefore relatively small as gas demand could be supplied via imported gas (pipeline
and/or LNG). Of course, energy security in some respect would be slightly reduced if gas supply
remains dependent on imports, and exchange rate risk would be present. The IRP considers gas on the
basis of its pricing and not primarily on the basis of where it originates from. Shale gas finds, even if
not very cheaply priced, will therefore come as a macroeconomic added benefit under gas-dominated

planning scenarios.

Not finding cheaply priced shale gas resources

Since the capital expenditure that leads to a gas-dominated energy sector (gas-fired power stations,
gas-fired boilers, gas cooking/heating, etc.) are relatively small compared to the alternative new-build
options (mainly coal), there are substantial “no-regret moves” associated with planning for a gas-
dominated energy system. If the energy planning for the country anticipates very cheap shale gas and
this is then not discovered, it would mean that the gas infrastructure built would have to be supplied
with gas from more expensive sources. This would have a cost escalation effect. At the same time,
even more VRE would be deployed to burn less of the more expensive gas. Because of the relatively
light capital intensiveness of the gas infrastructure, the lower utilisation would not have a major effect

on the overall costs of the energy system.

The main risk in energy planning related to the role of natural gas lies in the decisions that are taken
in anticipation of no shale gas finds in South Africa, i.e. an energy future with relatively speaking
smaller gas supply (although LNG, piped gas and domestic conventional sources can still make a
significant energy contribution, even if shale gas does not materialise). This might lock the country
into energy infrastructure that is not compatible with energy infrastructure flooded with inexpensive

gas.
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CHAPTER 2: EFFECTS ON NATIONAL ENERGY PLANNING AND
ENERGY SECURITY

2.1 Introduction and scope

Natural gas has substantial benefits to offer the South African energy system, which at present is
largely based on domestic coal resources. With natural gas, a diversification of energy supply is
possible, sector coupling between different energy end-use sectors can be easily established, and gas-

fired power stations bring economic and technical flexibility into the power system.

Three different natural gas supply sources can in principle be available to South Africa:
1. Piped natural gas from neighbouring countries;
2. Imported liquefied natural gas (LNG);
3. Domestic natural gas, either from conventional (onshore/offshore) or unconventional

sources (shale gas/coal-bed methane (CBM)).
One of the unconventional domestic natural gas resources; shale gas, is the focus of this Chapter.

2.1.1 Scope

This Chapter elaborates on the effect that different South African SGD scenarios will have on
investment decisions made, as based on energy planning and scenario development for the country.
The Chapter considers the changes in planning outcomes for the long-term energy planning of the
country in terms of supply sources and demand patterns for the different shale-gas scenarios.
Although a specific study area is defined (geographically), historically energy planning in South

Africa has tended to be performed at a national level.

The main links between this Chapter and the other Chapters of the scientific assessment are:
e Chapter 1: Scenarios and Activities (Burns et al., 2016)
e Chapter 3: Air Quality and Greenhouse Gases (Winkler et al., 2016)
e Chapter 4: Economics (Van Zyl et al., 2016)

The main assumptions (other than those outlined in the shale gas scenarios themselves) are based on
principal plans developed for South Africa including the National Development Plan (NDP),
Integrated Energy Plan (IEP), Integrated Resource Plan (IRP), and Gas Utilisation Master Plan
(GUMP).
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2.1.2 Special features of South Africa in relation to energy

Energy Balance

The present South African energy system is relatively self-sufficient; with less than 20% energy
imports (Figure 2.1). Oil as a feedstock to refine liquid fuels and a small amount of gas is imported,
but all other energy is supplied from domestic sources (mainly coal). Unique to South Africa is that
large parts of the liquid fuel demand (approximately 33%) is supplied from coal-to-liquid (CTL)
processes, based on domestic coal as feedstock (South African Department of Energy (DoE), n.d.).
Additionally, gas-to-liquid (GTL) processes supply approximately 4-6% of the country’s liquid fuel
demand (South African Department of Energy, n.d.). The Mossgas plant close to Mossel Bay recently
had to reduce its output due to depletion of the domestic natural gas fields that supply its feedstock.
Hence, the South African energy system is not well diversified, and natural gas can be considered to

be a possible missing link in the energy mix.

The total primary energy production and import in 2013 was 8400 PJ (approximately
2 300 TWhy,) (International Energy Agency (IEA), 2013). The vast majority of this primary energy
was supplied from coal at 6 100 PJ in 2013 (approximately 1 700 TWhy,). Natural gas only accounted
for a small component of primary energy (~2%) with 170 PJ in 2013 (approximately 45-50 TWhy,).
The total breakdown of primary energy production and imports in 2013 for South Africa is shown in

Figure 2.1 and Figure 2.2.

The recent significant procurement of renewable electricity through Independent Power
Producers (IPPs) in the electricity sector is not yet in this figure (as IPPs only started connecting to the
electrical grid from 2014 onwards). By the end of 2015, all operational solar PV and wind power

generation together stood for approximately 17 PJ of produced energy (4.65 TWh) (DoE, 2016b).
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Primary energy

in South Africa, 2013
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Figure 2.1:  Primary energy production and imports for South Africa in 2013 showing the clear reliance on
coal as a primary energy source and minimal local oil production (\MEA, 2013). Only in recent years (2014
onwards) has renewable energy made a significant contribution (mainly wind and solar PV, as shown)
complemented by Concentrated Solar Power (CSP), mini-hydro, biomass, biogas and landfill gas produced

domestically.
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Figure 2.2:  Total final energy consumption in South Africa in 2013 illustrating that most of South Africa’s
energy is industrial end-use with transportation and residential end-use being similar (IEA, 2013).
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Coal
The South African energy system is highly dependent on its domestic coal resources. Coal was
historically utilised when carbon dioxide (CO,) emissions were not of concern and alternatives were
prohibitively expensive. South African coal has been easy to mine and therefore has been a low cost
position — even in a global market with current relatively low coal prices. However, in support of the
clear direction given in the Energy Policy White Paper of 1998 (Department of Minerals and Energy,
(DME), 1998) where security of supply through energy diversity is stated explicitly, there are a
number of reasons why South Africa needs to diversify its energy mix away from a coal dominated
energy system:
1. Heavy coal-reliance makes the country one of the largest emitters of CO, globally
(ranked in the top twenty absolute CO, emitters in the world and top ten in terms of
CO, emissions per GDP) (The World Bank, n.d.a; The World Bank n.d.b);
2. The single-failure risk of a one-fuel-reliant power system e.g. controlled load shedding
after heavy rains due to wet coal in 2008;
3. Financial risk: South African coal prices are not reflective of globally traded prices for
coal (high risk exposure to coal-price changes in the electricity sector);
4. The depletion of coal reserves in the Mpumalanga region and challenges associated
with developing the relatively underutilised Waterberg coalfields (Hartnady, 2010)
e.g. low grades, high ash content, complex geology, water scarcity and the
requirement for new transport linkages including major electrical grid strengthening.
The South African government has recognised the problematic nature of a high dependency on one
fuel source, and has expressed its desire to diversify the energy mix in a number of government plans.
The Department of Energy’s Integrated Resources Plan (DoE’s IRP 2010 (DoE, 2011b)) describes a
doubling of power capacity by 2030 (compared to 2010) and a significant diversification of the power
mix, away from “coal only”. This diversification of the energy mix includes a range of sources (solar

PV, hydro wind, gas and nuclear).

Natural Gas
Natural gas could be a missing link in South Africa’s energy system, as it exhibits certain qualities
that existing energy carriers do not possess. Natural gas:
1. Cuts across a number of sectors in its possible end use (power generation, heat and
transport);
2. s easily transported via pipelines;
3. Is supported via a growing international market capacitated via increasing LNG trade

volumes;
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4. The complexities surrounding gas storage (gaseous/liquefied) are appreciable, but
relative to coal, is typically considered to be a more homogeneous fuel and thus more
flexible and easier to handle;

5. Is less CO, intensive when burnt per heat value than coal and, in addition its heat value,
can be more efficiently utilised (combined-cycle gas turbines with up to 60%
efficiency);

6. Is less of a general air pollutant than coal (Sulphur Oxide (SOx), Nitrogen Oxide
(NOx), Mercury, particulates etc.);

7. Fires power stations (gas turbines and gas engines) that are technically highly flexible
in their ramping and cold-start capabilities and can be operated at very low power
output compared to their nameplate capacity without much deterioration in efficiency;

8. Has an inherent end-use cost structure that is capital light and more fuel intensive,

which makes it economically flexible.

Possible drawbacks of natural gas could include:

1. Price volatility if procuring gas on spot markets or linked to oil prices (albeit limited in
comparison to overall system size);

2. If imported (not domestically sourced via conventional/unconventional sources), there
is exchange rate risk (albeit limited in comparison to overall system size);

3. Natural gas leakage during production and transport when considering large scale
usage is problematic, especially when considering the greenhouse gas (GHG) potential
of natural gas (the electricity mix when including natural gas will likely include
significant renewables and as a result system level emissions will be significantly
lower);

4. Hydraulic fracturing can cause environmental problems such as water and air
contamination (Hobbs et al., 2016; Winkler et al., 2016) as well as general ecosystem

and biodiversity impacts (Holness et al., 2016).

At present, there is very little gas infrastructure in South Africa. Domestic resources are limited to
offshore gas fields close to Mossel Bay (F-A field), where the gas is piped onshore and converted into
petrochemical products (predominantly liquid fuels). According to the draft GUMP, the volume of gas
supply from the Mossel Bay gas fields steadily declined from ~60 PJ/yr (17 TWhy,) in 2010 to
approximately 35 PJ/yr in 2013 (10 TWhy/yr) i.e. averaging ~40-50 PJ per year (8-14 TWhy/yr).
Based on the draft GUMP, these gas fields are in an advanced stage of decline and are only expected

to last for a further 6-7 years. The F-0 offshore field (Project Ikhwezi) is envisioned to complement
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this supply in the short to medium term. Other offshore potential in the Ibhubesi field off the West
Coast of South Africa has proven reserves of ~540 bcf (Sunbird Energy, 2016).

Neighbouring countries have substantial gas reserves (i.e. Mozambique and Namibia) as do regional
African nations (i.e. Angola and Tanzania). Some gas quantities are already imported through the
Republic of Mozambique Pipeline Company (ROMPCO) pipeline from Mozambique, which stands
for the entire imported primary energy from natural gas (120-140 PJ per year, which is 33-39
TWhy/yr). This gas is mostly used for chemical processes (hydrogen production as feedstock for
syngas) in Sasol’s CTL process. The Transnet-operated Lilly pipeline from Secunda to Richards
Bay/Durban transports synthetic gas produced in Sasol’s CTL plant in Secunda to Durban via
Empangeni. The volume delivered through this pipeline is approximately 16 PJ per year
(4.5 TWhy/yr) (Transnet SOC Ltd, 2015).

In 2013, the total natural gas supply in South Africa (domestic production and import) was
approximately 170 PJ (45-50 TWhy,), plus the synthetic gas from Sasol’s Secunda plant of
16 PJ (4.5 TWhy,); a total of gas supply of approximately 190 PJ (53 TWhy,), which is ~2.5% of total
primary energy supply. To put this into perspective, it is the equivalent throughput of one medium
size LNG landing terminal. Spain, a country with a similar primary energy and electricity demand as
South Africa, has an annual natural gas supply of 1 260 PJ (350 TWhy,);~7-8 times the current South

African volume.

Crude Oil and Synthetic Crude Oil

South Africa has almost no domestic crude oil resources, but very significant scale and expertise in
CTL and GTL processes. It should be noted that the high carbon-intensity of fuels from these
processes has significant impacts on South African climate change obligations. The country consumes
approximately 24 billion litres of petrol and diesel per year (approximately 820 PJ/yr or
230 TWhy/yr) ( DoE, 2015). “... about 36% of the demand is met by coal-t0-liquids synthetic fuels as
well as gas-t0-liquid synthetic fuels plus a very small amount of domestic crude oil. South Africa has
the second largest oil refining capacity in Africa. The current total refining capacity amounts to 703
000 barrels per day, of which 72% is allocated to crude oil refining, with the balance allocated to
synthetic fuel refining” (DOE, 2015).

In fact, South Africa is the only country globally that produces liquid fuels from coal to the scale that
makes these fuels a very dominant contributor to the domestic liquid-fuels market. Only China
produces liquids from coal in similar absolute scale, but in relative numbers it is significantly less than
in South Africa.
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Nuclear

South Africa hosts the only nuclear power plant on the African continent. Koeberg nuclear power
station consists of two French-designed and -built reactors of a total of 1 800 MW net capacity with
Unit 1 being completed in 1984 and Unit 2 in 1985. This power station produces approximately 5% of

the South African domestic electricity supply.

Renewables
South Africa exhibits world-class solar resources with achievable annual energy yields from solar

technologies that are amongst the best globally (SolarGIS, n.d.).

Less known, the country also has excellent wind resources with achievable load factors well above
that of leading wind markets (Council for Scientific and Industrial Research (CSIR), 2016). More than
80% of the entire South African land mass has enough wind resource to achieve 30% annual load
factor or more, whereas the actual average annual load factor of the entire wind fleets in Germany (46
GW installed capacity) and Spain (23 GW installed capacity) are 17-23% and 25-27%
respectively (CSIR, 2016).

The highly successful Renewable Energy Independent Power Producer Procurement
Programme (REIPPPP) has grown utility scale wind and solar PV in South Africa from a zero base in
2013 to 2 040 MW by the end of 2015 (contributing 4.75 TWh to the electricity mix) (CSIR, 2015).
The Small Projects IPP Procurement Programme also run by the DoE aims to procure renewable
energy from smaller renewable power plants (<5 MW), while small-scale embedded generation is

being considered by various industry stakeholders (likely via rooftop solar PV installations).

The hydro potential in South Africa is relatively limited, but countries in the South African
Development Community (SADC) region (including Zimbabwe, Zambia, Democratic Republic of
Congo and Mozambique) have vast potential for hydro power. In fact, ~5% of South Africa’s
electricity demand is currently supplied through hydro power imported from Cahora Bassa power

station in Mozambique.

Transmission Grid

The South African transmission grid is characterised by the large geographical area that power is
transmitted over (see Figure 2.3). Currently, the majority of the power generation (coal-fired) is
located in the North East of the country, with a significant component of this power needing to be
transmitted over significant distances e.g. ~1500 km. The 400 kV and 765 kV transmission systems
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transmits power from North to South. In future, it is anticipated that this power flow direction will
reverse, predominantly as a result of a changing power generation mix. Strategic documents like the
periodically published Eskom Transmission Development Plan (TDP) (Eskom Holdings SOC
Limited, 2015b) and Generation Connection Capacity Assessment (Eskom Holdings SOC Limited,
2015a) as well as Strategic Grid Plan (SGP) (Eskom Holdings SOC Ltd, 2014) consider various
scenarios to ensure that sufficient power transmission corridors and substations are planned for in
advance to adequately integrate power generation expected in the future. The key planning document

that feeds into these transmission plans is presently the IRP 2010.

Pipeline Infrastructure

The existing and potential South African national pipeline infrastructure is shown graphically
in Figure 2.4 (Transnet SOC Ltd, 2015). There are currently only two major pipeline operators in
South Africa; Sasol and Transnet. There is a minimal amount of existing gas pipeline infrastructure in

South Africa. The main existing pipeline infrastructure is:

e The 865 km ROMPCO import pipeline (Pande/Temane-Secunda);
e The 85 km offshore PetroSA pipeline (FA platform-Mossel Bay);
e The 600 km Lilly pipeline (Secunda-Durban); and

e The 145 km Secunda-Sasolburg pipeline

As shown in Figure 2.4, there are long-term options for pipeline infrastructure in the study area
(depending on SGD outcomes). These could link with existing ports in Cape Town, Saldannha Bay,
Mossel Bay and Ngqura (Port Elizabeth). This gas network could then, in the future, link up to the

existing gas networks at Sasolburg and Durban.
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Figure 2.3:  Existing and planned Eskom transmission grid infrastructure as per the Transmission
Development Plan 2015-2024 (Eskom Transmission Group, 2014). There is existing transmission network
infrastructure through the study area, with additional planned transmission infrastructure into the future.

Figure 2.4:  Existing and potential South African pipeline networks showing minimal existing gas pipeline
infrastructure (adjusted from Transnet SOC Ltd (2015)). The long term potential for gas pipeline infrastructure
through the study area is shown here.
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2.1.3 Relevant legislation, regulation and practice

Energy Policy White Paper

The White Paper on the Energy Policy of the Republic of South Africa of 1998 laid the foundation for
the approach to energy planning in the country (DME, 1998). Integrated energy planning, yet not
optimal and dependent on availability of reliable data, was identified as the tool to be used by South
African policy makers in the planning of the energy system (DME, 1998). Security of energy supply
for South Africa through energy supply diversity was identified as one of the main goals. In addition,
natural gas was already identified as a viable source of complementary primary energy supply to the

existing mix.

National Energy Act and Electricity Regulation Act

The National Energy Act of 2008 prescribes that energy planning in South Africa must be conducted
in an integrated manner and that the Energy Minister has the mandate and the obligation to conduct
such planning (Parliament of the Republic of South Africa, 2008). Already, the Electricity Regulation
Act of 2006 mentioned the term “Integrated Resources Plan”, but was not explicit about the details of
such a planning instrument (Parliament of the Republic of South Africa, 2006). The draft version of
the Electricity Regulation Second Amendment Bill of 2011 is very explicit in that it prescribes an IRP

to precede any implementation of new power generation capacity (DoE, 2011b).

National Development Plan (NDP) 2030
The NDP 2030 (National Planning Commission (NPC), 2012) is the overarching planning document
for the development of South Africa and aims to eliminate poverty and reduce inequality in South
Africa by:

e Enhancing the quality of life;

e Realising an expanded, more efficient, inclusive and fairer economy; and

e Enshrining leadership and promoting active citisenry.

The NDP 2030, as published in 2012, is composed of 15 Chapters. Two (2) introductory Chapters
focus on policy-making and local demographic trends and the remaining 13 Chapters focus on
specific sectors of South Africa each having their own defined specific objectives and actions. The
NDP 2030 has 119 actions to implement. The NDP considers energy planning in a number of clear
actions in Chapters 3, 4, 5 and 7. Specifically, related to natural gas in the energy system it states:

o Chapter 4: Economic Infrastructure
16. Enable exploratory drilling to identify economically recoverable coal seam and shale gas

reserves, while environmental investigations will continue to ascertain whether sustainable
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exploitation of these resources is possible. If gas reserves are proven and environmental concerns
alleviated, then development of these resources and gas-to-power (GTP) projects should be fast-
tracked.

17. Incorporate a greater share of gas in the energy mix, both through importing LNG and if reserves
prove commercial, using shale gas. Develop infrastructure for the import of LNG, mainly for power
production, over the short to medium term.

18. Move to less carbon-intensive electricity production through procuring at least 20 000 MW of
renewable energy, increased hydro-imports from the region and increased demand-side measures,

including solar water heating.

From a national planning perspective, it is therefore clearly supported to not only investigate shale gas

opportunities, but to also exploit them, should they be economically viable.

Integrated Energy Plan (IEP) and Integrated Resources Plan (IRP)

From these high-level government policies flow the IEP for the entire energy sector, and the IRP for
electricity. An overview of the integration between these plans (as well as others) is shown in Figure
2.5.

A draft of the IEP was circulated in 2013 for public comment (DoE, 2013a), but was not finalised.
The most recent version of the IEP was being finalised, but was not publicly available for inclusion as
a formal guiding policy document at the time of publication. However, it has been considered as a
guide for the strategic direction of gas policy in South Africa. The DoE reported to Parliament in May
2016 on the IEP and IRP and indicated that they will be presented to the Parliamentary Portfolio
Committee on Energy in the 3" quarter of 2016/17 financial year, following which they would be
submitted to Cabinet for approval. While these key planning documents are currently under revision
and have not been updated for an extended period of time, it is very likely that natural gas as a

primary energy fuel source will have a significant role to play in South Africa’s energy future.

The DoE has adopted a central planning approach for the electricity sector. The latest promulgated
version of the IRP is the IRP 2010 (DoE, 2011b). An update of the IRP 2010 was conducted in 2013,
which was published for public comment but never promulgated (DoE, 2013b).

The approach (in-principle) to planning in the South African electricity sector is illustrated in Figure

2.6. At the core of the process is a mathematical least-cost optimisation model that, subject to certain

boundary conditions and policy-adjustments, determines the least-cost expansion path for the South
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African electricity system. The IRP 2010 has so far been implemented via the procurement of

Independent Power Producers (IPPSs).

Figure 2.5:  An extract from the draft IEP indicating the DoE Integrated Energy Planning Framework. The
framework shows the envisioned integration between the principal energy plans of South Africa and the NDP
2030.
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Figure 2.6:  The principle approach to planning in the South African electricity sector, showing the expected
feedback between the planning/simulation and the actual/real world domains.

Gas Act

As for natural gas specifically, the Gas Act of 2001 was promulgated with the objectives (amongst
others) to promote the orderly development of the piped gas industry and to establish a national
regulatory framework (Parliament of the Republic of South Africa, 2001). The Gas Amendment Bill
(published draft for public comments in 2013), more broadly, has the objective to stimulate the natural
gas industry and explicitly introduces a number of new gas technologies (e.g. gas liquefaction and
regasification) (DoE, 2013c).

Gas Utilisation Master Plan (GUMP)

The DoE is at present finalising a Gas Utilisation Master Plan (GUMP) for South Africa, which will
“analyse potential and opportunity for the development of South Africa’s gas economy and sets out a
plan of how this could be achieved” (DOE, 2016a). The GUMP will fit into South Africa’s energy

planning landscape with other principal energy planning processes as shown in Figure 2.6.

Natural gas plays a very small part of South Africa’s current energy mix and the GUMP will form a
critical part of diversifying the energy mix by outlining the possible future paths for natural gas
market development. The DoE reported to Parliament in May 2016 on the GUMP and indicated that it
will be presented to the Parliamentary Portfolio Committee on Energy in the 3" quarter of 2016/17
financial year, following which they would be submitted to Cabinet for approval. At a high level,
possible future gas market evolution paths taken from the draft of the GUMP are illustrated in Figure
2.7, where the three paths of “Niche”, “Hub” and “Big Gas” are shown. The relationship between the

scenarios developed in the GUMP and this scientific assessment are outlined in more detail in
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Section 2.2. It should be noted that the “Big Gas” scenario of the GUMP and the “Big Gas” scenario

of this scientific assessment are not the same and should be treated accordingly.

Figure 2.7:  Gas Utilisation Master Plan (GUMP) illustration of possible future gas market evolution paths
(Source: DoE, GUMP (Draft)).

Eskom Transmission Development Plan (TDP)

The TDP is an Eskom plan that outlines how the electric transmission system needs to be developed
over the next 10 years. “The Transmission Development Plan (TDP) represents the transmission
network infrastructure investment requirements. The TDP covers a 10 year window and is updated
annually. It indicates the financial commitments required by Eskom in the short to medium
term.” (Eskom Holdings SOC Limited, 2015b). Specifically, this is inclusive of grid infrastructure

required to integrate new gas-fired power plants.

Eskom Strategic Grid Plan (SGP)

The SGP is also an Eskom plan, which outlines strategically where new transmission grid
developments need to be triggered (Eskom Holdings SOC Ltd, 2014). “The Strategic Grid Plan
formulates long term strategic transmission corridor requirements. The Plan is based on a range of
generation scenarios and associated strategic network analysis. The time horizon is 20 years. The

SGP is updated every 2-3 years” (Eskom Holdings SOC Limited, 2015b).
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Eskom Generation Capacity Connection Assessment (GCCA)

The GCCA (Eskom Holdings SOC Limited, 2015a) is periodically published by Eskom in response to
a government call to connect IPPs planned for under the IRP 2010. It establishes existing connection
capacity available at each Main Transmission Substation (MTS) as well as planned strategic
transmission corridors and MTSs based on the latest version of the TDP (Eskom Holdings SOC
Limited, 2015b). The GCCA has historically been updated every 2-4 years.

Transnet Long-term Strategic Framework (LTSF)

The LTSF, as developed by Transnet in 2015, provides a long term and broader view of transportation
networks required, including expansions of existing transportation infrastructure (Transnet SOC Ltd,
2015). Specifically, natural gas infrastructure planning and pipeline developments include the
possibility of SGD.

2.1.4 Overview of international experience
The United States of America (USA) has by far the largest experience in shale gas exploration and

production. In 2014, shale gas to the amount of almost 14 000 PJ was produced in the United States
(US), which contributed almost 20% to the entire domestic primary energy production of 82 500 PJ in
the US ( EIA, 2014; EIA, 2015a). This is a tenfold increase of shale gas contribution compared to
2007, when less than 1 400 PJ of shale gas where produced. Shale gas has therefore been a significant
contributor to domestic energy sources and hence to security of supply and trade balance
improvements for the US in recent years. The latest projections to 2040 by the EIA indicate that the
majority of natural gas production in the US will come from shale gas (Figure 2.8) while Figure 2.9

shows that there will likely be a growing role for shale gas to play internationally (EIA, 2016a).
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Figure 2.8:  Historical and projected shale gas production in the US (EIA, 2016a), showing the significant and
growing role that shale gas is likely to play in future for the US.

Figure 2.9:  Historical and projected shale gas production internationally (EIA, 2016a), showing the growing
role that shale gas is likely to play in future.

In the US, if a shale gas resource is discovered, the land owner is the owner of the resource. As a
result, shale gas is predominantly privately owned but with regulatory oversight. This is notable
considering the South African context of resource ownership in the context of the Mineral and
Petroleum Resources Development Act (MPRDA) Amendment Bill released in 2012 (but referred
back to Parliament by the President in January 2015). More recently, in the Minister of Energy
Budget Speech Vote 2016/17, the relevant framework for the oil and gas supply chain is proposed to
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be separated from the MPRDA Amendment Bill into an “Upstream Gas Bill” and a separate “Gas

Amendment Bill” for the midstream gas value chain (DoE, 2016c).

The developments in the US happened in a short timeframe of just the last decade. The high-level
effects of the shale gas boom in the US are that:
o First, a portion of power production from coal was replaced by electricity from gas-
fired power stations (Logan et al., 2015);
e Second, domestic shale gas replaced imported gas and put on hold or cancelled the
envisaged importation of natural gas;
e Third, shale gas added sufficient supply to the US natural gas sector to cut natural gas
spot prices by more than half in recent years (from 4-5 US$/MMBtu in 2009-2011 to
below ~2.50 US$/MMBtu in 2015) (EIA, 2016b).

The first effect is the significantly reduced carbon emissions in the US power sector in the last 10
years (EIA, 2015b). As a first-order effect, cheap shale gas-fired power generation replaced coal-fired
power generation. The deployment of new natural gas fired power generation has not been
significantly high in the past decade but rather most of the shift away from coal-fired generation has
been a result of a "re-dispatch” of existing plants. Utilities are operating existing fleets of coal plants
less and increasing operations at existing gas-fired plants. This has all happened as a result of
significant amounts of new renewable capacity being deployed (specifically solar PV). Because of the
roughly 50% lower carbon emission factor of natural gas compared to coal, combined with the higher
efficiency of gas-fired compared to coal-fired power stations, this led to a lower carbon-intensity of
the electricity supply. From an energy planning perspective, this development reduced the immediate
need for a very fast deployment of renewable energy sources in the energy and power sector in order

to contain the US’s CO, emissions.

In the African context (see Figure 2.10), based on EIA (2013), Algeria has by far the highest level of
technically recoverable resources (707 tcf, ~750 000PJ) while South Africa (390 tcf, 410 000 PJ),
Libya (122 tcf, 130 000 PJ) and Egypt (100 tcf, 110 000 PJ) have significant technically recoverable
shale gas resources. Other African countries with smaller shale gas resources thus far include
Chad (44 tcf, 47 000 PJ), Tunisia (23 tcf, 24 000 PJ), Morocco (12 tcf, 12500 PJ) and Western
Sahara (8.6 tcf, 9 100 PJ). The technically recoverable reserves in South Africa do have a high level
of uncertainty associated with them but an independent study performed for the DoE as part of the

GUMP has revealed up to 120 tcf of shale gas potential; of which 9 tcf is economically recoverable.
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Figure 2.10: Technically recoverable shale gas resources in Africa (EIA, 2013). Most shale gas countries are in
North Africa. Algeria has the largest shale gas resource with South Africa having the second largest.

2.2 Key potential impacts on energy planning and options

2.2.1 Natural gas in the South African energy planning landscape

In this Chapter the impacts of the different shale gas scenarios on energy planning and energy security
are elaborated. This will lead to a risk assessment of the shale gas scenarios from an energy planning

and energy security perspective.

The draft of the IEP includes four main scenarios (Base Case, Environmental Awareness, Resource
Constrained and Green Shoots). A sensitivity of these scenarios was a scenario that explicitly assumed
no shale gas in South Africa. The impact of this no shale gas scenario is that energy security will be
slightly reduced following an increased requirement for imports of comparatively more expensive
refined petroleum products (and resultant increased overall energy costs, specifically LNG). This
scenario also aligns quite well with the “Niche” scenario in the draft of the GUMP being developed
where gas is predominantly imported (via LNG terminals) with very small scale indigenous

production and regional pipeline imports.

The IRP 2010 plans the capacity-expansion programme for the power sector in South Africa until
2030 (DoE, 2011b). The promulgated version of IRP 2010 calls for 3.9 GW of new peaking plants
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(gas-fired Open Cycle Gas Turbines (OCGTSs), or similar) and 2.4 GW of new mid-merit gas-fired
power plants (Combined Cycle Gas Turbine (CCGTs)) (DoE, 2011a). Examples of OCGTs and
CCGTs are shown in Figure 2.11 and Figure 2.12 respectively. OCGTs are cheaper to build than
CCGTs, they are more flexible, but also have a lower efficiency when compared to CCGTs. Figure

2.13 shows the planned capacities and electricity production as per the IRP 2010.

In the IRP 2010, the planned CCGT and OCGT capacities by 2030 have the operating regime outlined
in Table 2.1. These numbers indicate that CCGTs in the IRP 2010 are planned as mid-merit plants
which do load-following during the day and which usually do not operate during night. The reason for
this is that gas-fired CCGTs have a lower levelised cost of energy than new-build coal-fired power
stations at low load factors. Hence they supply the mid-merit-type of demand of load-following
during the day. The OCGTs are planned as a pure “safety net” for the system with insignificant load
factors and hence with insignificant gas demand/throughput for these plants. OCGTs are relatively
cheap to build but expensive to operate, and are therefore pre-destined for this type of use case with

very low annual load factor.

Although never promulgated, in the Base Case of the IRP Update 2013, the installed capacities for
gas-fired power stations were adjusted upwards to 3.6 GW of CCGT and 4.7 GW of OCGT by 2030.
The electricity production and associated load factors of these plants in the IRP Update 2013 are
shown in Table 2.1 (the IRP update was not promulgated and hence the values are shown for
indicative purposes). The load factor of the CCGTs in 2030 is considerably higher than in the original
IRP 2010 (38%) but by 2050 drops back to 22%. The main reason for the increased capacities of gas-
fired power generators moving from the IRP 2010 to the IRP Update 2013 is the more graduated
phasing of planned nuclear capacity by 2030. The resulting energy gap in the IRP Update 2013 is
filled with a mix of VRE and natural gas-fired power stations. The load factor for the OCGT fleet
stands at 2-3% in 2030/2050 — again acting as the safety net for the power system.
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Figure 2.11: Existing OCGTs at Atlantis, South Africa (9 x 148 MW, 1 327 MW Ankerlig power station)
currently running on diesel (Eskom Holdings SOC Ltd, n.d.). Similar plants will be part of new OCGT capacity
planned for in the IRP 2010 but will run on natural gas.

Figure 2.12: Existing CCGTs at Wilaya of Tipaza, Algeria (3x400 MW configuration, 1 227 MW Shariket
Kahraba Hadjret En Nous power station) (Mubadala Development Company PJSC, 2016). Similar plants will be
part of new CCGT capacity planned for in the IRP 2010.

The IRP 2010 assumed natural gas to be priced at LNG prices (planning assumption in the IRP 2010:
42 ZAR/GJ i.e. ~11 US$/MMBLtu). The plan did not explicitly consider shale gas yet as a planning
option. It assumed a certain gas supply at a certain cost without making reference to shale gas. From
an energy planning perspective in the power sector, it should be noted that the only relevance that
shale gas has is the availability of fuel (quantities) and the price of the fuel (US$/MMBtu). Whether a
certain quantity and a certain fuel price can be achieved through imported piped gas, imported LNG

or through domestic conventional or shale gas resources is irrelevant for the IRP-type power sector

Page 2-28



CHAPTER 2: EFFECTS ON NATIONAL ENERGY PLANNING AND ENERGY SECURITY

planning. These different supply streams will obviously lead to a very different gas industry structure

depending on what combination is pursued. This is however something not considered in the IRP.

This is considered in more detail in the GUMP, which will integrate with the IRP in future revisions.

Similarly, these plans (IRP and GUMP) are guided by the overarching IEP (as is the Liquid Fuels

Master Plan (LFMP) currently under development). The integration between the key energy planning

processes in the South African energy sector is shown in Figure 2.13.

Table 2.1:

Installed capacities and load factors of new CCGT/OCGT for South Africa as per IRP 2010 (DoE,

2011b) and Base Case of the IRP 2010 Update (2013) (DoE, 2013b).

IRP 2010
Policy adjusted

CCGT

OCGT (new)

Total electricity demand in 2030

435 TWh, 68 GW (peak load)

Installed capacity in 2030 2.4 GW 3.9GW
4.2 TWh 0.1 TWh
Electricity production in 2030 (shale gas equivalent: 25-35 PJ/a)
(LNG equivalent: 0.8 mmtpa)
Average load factor in 2030 20% <1%
IRP Update 2013 CCGT OCGT (new)
Updated Base Case
Total electricity demand in 2030 410 TWh, 61 GW (peak load)
Installed capacity in 2030 3.6 GW 4.7 GW
12 TWh 0.9 TWh

Electricity production in 2030

shale gas equivalent: 70- a
(shale g lent: 70-80 PJ/a)
(LNG equivalent: 2.5 mmtpa)

(shale gas equivalent: 10-15 PJ/a)
(LNG equivalent: 0.5 mmtpa)

Average load factor in 2030 38% 2%

Total demand in 2050 525 TWh, 80 GW peak load

Installed capacity in 2050 6.4 GW 12.2 GW
12 TWh 3.3TWh

Electricity production in 2050

(shale gas equivalent: 70-80 PJ/a)
(LNG equivalent: 2.5 mmtpa)

(shale gas equivalent: 35-45 PJ/a)
(LNG equivalent: 1 mmtpa)

Average load factor in 2050

22%

3%
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Figure 2.13: IRP 2010-2030 as promulgated in 2011

2.2.2 Impacts and mitigations

For reference, scenarios considered in this scientific assessment report are summarised in Table 2.2.

Table 2.2: Overview of scenarios as defined for the scientific assessment

Scenario Available shale gas An_nual SRS Sty
production (40 years)* cost of shale gas®
Scenario 0 - - -
(Reference Case)
Scenario 1 0 tcf 0 PJ/a N/A
(Exploration Only)
Scenario 2 5 tcf 130 PJ/a 6-10 US$/MMBtu
(Small Gas) ~ 5300 PJ ~ 40 TWh/a = 20-35 US$/MWh
~ 1500 TWh (=50% of current natural gas
supply in South Africa)
Scenario 3 20 tcf 530 PJ/a 4 US$/MMBtu
(Big Gas?) ~21000PJ =150 TWh/a =15 US$/MWh
~ 5900 TWh | (2.5-3.0 times current natural
gas supply in South Africa)

T Estimated based on generally accepted industry practice and national energy planning resources.
% The “Big Gas” scenario of this report and the “Big Gas” scenarios of the IRP and GUMP are not the same
scenarios and should be treated accordingly.

In principle, “expensive”, “nominal” and “cheap” gas prices can be envisaged from an energy
planning perspective for the scenarios presented. At this stage, whether natural gas is sourced from

regional pipeline imports, LNG imports or shale gas is not considered yet nor is the source of gas
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critically significant from an energy planning perspective. The impacts on energy planning and energy

security for each of the scenarios are outlined.

For all cases we assume that the available gas quantities are not a constraint and that only economic

considerations determine gas utilisation®.
1) Expensive gas (gas priced between 10-20 US$/MMBtu - ~35-70 US$/MWh)

a.

It is economical to utilise gas-fired power stations as an enabler for renewables (solar
PV and wind), where the relatively expensive gas provides the flexibility to allow
large quantities of relatively cheap renewables based electricity to be deployed in the
electricity sector. This is one of the many complementarities between natural gas and
renewables like solar PV and wind (Lee et al., 2012). As mentioned in the draft of the
GUMP, gas usage at these prices would also act as a “primer” for possible future
expanded natural gas usage in the wider economy. Solar PV and wind act as fuel-
savers for the existing thermal fleet (coal and gas). Depending on the cost of new
build coal and nuclear capacity, the mix of solar PV, wind and natural gas can already
be cheaper than these new-build options, even at these high gas prices (gas-based
electricity will only make up a small portion of the total solar PV, wind and gas
mix) (Bischof-Niemz, 2016).

The electrical grid implications in this case will be minimal as significant
transmission grid infrastructure already exists in the study area and it is likely that
there will be a de-loading effect on the large North-South transmission corridor for
the proposed power plant. Of course, sufficient proactive detailed grid planning will
be required of which a significant portion of this is already being performed as part of
various strategic planning documents (TDP, GCCA and SGP previously outlined).

It is also economical to use gas as a substitute to electricity in the heating sector
(especially residential space heating and cooking). Of course, localised heating
demand in the study area will likely be very small. As a result, associated pipeline
infrastructure will need to be developed if deemed economically feasible to transport
gas to major urban settlements where end-use markets will be much larger.

For a large compressed natural gas (CNG) uptake in the transport sector these gas
prices are too high. However, even at high natural gas prices, the use of gas in
transportation can prove beneficial in terms of emissions (especially in urban

environments).

! Projections of actual shale gas prices would require an individual investigation in itself (or set of
investigations); hence, the reason for assuming three cases of shale gas prices (“cheap”, “nominal” and
“expensive”). The draft of the GUMP does attempt to estimate shale gas prices but these are for illustrative

purposes only.
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e.

For GTL production these prices are also too high (Sajjad et al., 2014; Al-Shalchi,
2006). Break-even crude oil prices at which GTL would be feasible at these natural
gas prices would be in the range of ~100-180 US$/bbl i.e. only in very expensive
crude oil scenarios.

The price of gas at these levels is aligned with the IRP Update
2013 (~11 US$/MMBtu). Thus, the gas volume by 2030 at these gas prices is
anticipated to be as per the IRP Update 2013, approximately 80-90 PJ/yr (3 mmtpa of
LNG equivalent), which is an additional ~50% of current gas demand in South
Africa.

2) Nominal gas (gas priced between 6-10 US$/MMBtu — ~20-35 US$/MWh)

a.

Solar PV and wind are still fuel savers for a gas-fired power fleet, because the full
lifetime cost of solar PV and wind per energy unit (today: 50-70 US$/MWh; by 2030:
40-60 US$/MWh) are still lower than the pure fuel-cost of gas-fired power
generation. The mix of natural gas, solar PV and wind is now certainly cheaper than
new-build coal and nuclear capacity.

More detailed grid planning (not only relating to the study area) may be necessary in
this case as a result of significantly higher levels of gas-fired generation in a number
of geographical locations. This will be in addition to the periodic strategic plans
currently developed by Eskom (TDP, GCCA and SGP amongst others). Likely
geographical locations could include locations within the study area, ports (Saldanha
Bay, Mossel Bay, Richards Bay, Coega) and possibly areas surrounding Secunda and
Sasolburg where pipeline gas is currently imported from Mozambique (Transnet SOC
Ltd, 2015).

The utilisation of gas in the heating sector starts making sense not only in residential
applications with relatively high cost of alternatives (high residential electricity
tariffs), but also in industrial applications for process heat production (competitors:
coal, biomass, cheaper-priced electricity). As previously mentioned, associated
pipeline infrastructure will need to be developed if deemed economically feasible to
transport gas to major urban settlements where end-use markets will be much larger.
Petrol and diesel cost approximately 40 US$/MWh to produce (at 50 US$/bbl crude
oil price). At the assumed gas prices it therefore starts to become economical to
convert the petrol-driven car fleet to CNG fuel. To put this into perspective, the petrol
energy demand in Gauteng represents approximately 36 TWh/yr (South African
Petroleum Industry Association (SAPIA), 2014). This is equivalent to =120 bcf/yr of

natural gas or 20% of South Africa’s 2013 natural gas production and imports.
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e.

f.

For GTL or other chemical processes, the envisaged gas prices are still too
high (Sajjad et al., 2014; Al-Shalchi, 2006). Break-even crude oil prices at which
GTL would be feasible at these natural gas prices would be in the range of ~70-
100 US$/bbl.

The additional gas volume triggered at these gas prices is likely higher than in the
IRP Update 2013 as a result of additional end-use opportunities for gas at these
prices. A re-run of the IRP at these gas prices would likely also lead to solar
PV/wind/gas contributing significantly more to the electricity mix than currently
envisaged. Indicative additional gas demand is 200-300 PJ/yr (56-83 TWh/yr or 190-
280 bcflyr). This is made up of 200 PJ/yr in the electricity sector to balance VRE and

100 PJ/yr from additional gas demand outside the electricity sector.

3) Cheap gas (gas priced at 4 US$/MMBtu — =15 US$/MWh)

a.

Baseload gas-fired power generation in the form of CCGTs are now the cheapest
new-build options of all alternatives (selected existing coal plants could also be
repowered to run on natural gas if deemed feasible). It is cheaper than new-build coal,
but in addition the pure fuel cost of natural-gas-fired power stations are now cheaper
than the envisaged full lifetime costs of solar PV and wind. Solar PV and wind do not
play a cost-efficient fuel-saver role anymore. From a pure economic perspective, it
would make most sense to supply the entire electricity demand from natural gas only
(refer to Big Gas scenario in IRP Update 2013 and draft of the GUMP). But from an
environmental perspective, significant amounts of renewables would have to be
introduced into the electricity system to achieve the country’s CO, reduction targets.
A pure gas-based power system and a VRE/gas power system are cost-wise at a
tipping point at such low gas prices. Therefore, it a minimal regret decision to deploy
renewables anyways, even if the fuel-saver logic of scenarios with higher gas costs
does not fully apply anymore.

Significant changes in detailed grid planning assumptions will be necessary as a
result of notable changes in generation mix (as mentioned above). As previously
mentioned, in addition to the strategic grid planning performed in periodic plans like
the TDP and SGP it will be necessary to perform a significant amount of detailed grid
planning in order to integrate the significant gas-fired fleet when gas prices are at
these low levels.

Gas is fully cost competitive in all heating applications. Associated pipeline
infrastructure will need to be developed to transport gas to major urban settlements

for residential end-use. Local industrial demand may be significant in this scenario.
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d. Gas is fully cost competitive in the transport sector as replacement fuel for
petrol/diesel-driven vehicles.

e. GTL now also starts to become economical (Sajjad et al., 2014; Al-Shalchi, 2006) as
break-even crude oil prices would be >50 US$/bbl — however for the domestic
market it is likely more reasonable to convert the transport fleet into CNG-driven
vehicles. In addition, the high carbon-intensity of GTL fuels will have clear impacts
on South African climate change obligations. For an export market, GTL-based fuel
can make economic sense but it is likely in this scenario that global oil prices will
also be low as a result of successful shale programs globally. However, because of
the high carbon-intensity of such a fuel it is unlikely that the addressable market size
globally will be large.

f. At such low gas prices the domestic production of fertilisers may start to make
economic sense.

g. Exporting of natural gas through LNG export terminals may become an option.

h. The additional gas demand under this very-low gas price scenario would be as per the
Big Gas scenario of the IRP Update 2013, i.e. between 2 600 — 3 300 PJ/yr (720 —
920 TWhlyr, 2 450-3 100 bcf/yr) with additional offtake from many sectors outside
the electricity sector.

Reference Case and Exploration Only Scenario

The Reference Case and Exploration Only scenarios align quite well with the draft IEP scenario
where no shale gas is assumed. The impact of this is that energy security will be slightly reduced
following an increased requirement for imports of comparatively more expensive refined petroleum
products and LNG and/or pipeline imports. This scenario also aligns quite well with the “Niche”
scenario in the draft GUMP, where gas is predominantly imported (via LNG terminals) with very
small scale indigenous production and regional pipeline imports (an estimate of 1 tcf of overall gas

supply assumed for South Africa in this scenario).

In the electricity sector, the status quo in energy planning would be to consider shale gas as an “add
on” to the already planned GTP generation based on the abovementioned LNG and/ or regional
pipeline imports. No shale gas will mean that the IRP base case planning assumptions are

implemented, and any cheaper gas than planned will improve the cost and flexibility position.
Small Gas

The draft version of the GUMP estimates shale gas prices in the range of 7-11 US$/MMBTu, and up
to 10-14 US$/MMBTu if the state’s free carry is implemented as part of the MPRDA Amendment
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Bill and associated legislation being considered (depending on size of reserves and cost assumptions).
In this scenario, it is likely to be on the higher end of the estimation at 11-14 US$/MMBTUu.

This scenario aligns quite well with the “Hub” scenario of the GUMP where a combination of limited
domestic shale gas (and CBM) is available, and localised hubs develop around gas sources i.e.
surrounding the study area for shale gas. In the GUMP, there is an estimate of 1-10 tcf of gas supply

assumed in this scenario (fitting quite well with the volumes assumed for this scenario, 5 tcf).

The quantity of shale gas available in this scenario is approximately 65% of the natural gas in the
South African energy system. The gas volume in this scenario is therefore not suitable for a very large
uptake of natural gas and subsequent large gas infrastructure investments. In this scenario the shale
gas will likely be utilised for power production and possibly some domestic offtake with small
volumes (some residential and industrial heating applications and possible conversion of a portion of

the petrol/diesel-driven car fleet to CNG) in urban environments outside of the study area.

In this scenario, some additional detailed electrical grid planning (not only relating to the study area)
may be necessary as a result of likely higher levels of gas-fired generation in a number of
geographical locations.

It is unlikely that GTL will be deployed in this scenario, as the quantities of available natural gas are
expected to be too small to justify such investment. In this scenario there could be a transition of
anchor gas demand away from imported gas (pipeline and/or LNG) to domestic shale gas. As long as
the shale gas is cheaper than these two alternative gas sources, a substitution effect will happen. No

additional switching to gas due to low enough prices would materialise.

The main effect of this scenario on energy planning is a trade balance effect, where imported gas
sources would be substituted with domestic shale gas. No significant implications are envisioned
regarding gas transmission infrastructure planning requirements unless CNG for transportation in
urban environments is opted for following which a pipeline network to these urban environments will

be required.
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Big Gas

As previously mentioned, the draft version of the GUMP estimates shale gas prices in the range of 7-
11 US$/MMBTu and up to 10-14 US$/MMBTu if the state’s free carry is implemented as part of the
MPRDA Amendment Bill and associated legislation being considered (depending on size of reserves
and cost assumptions). In this scenario, the price of shale gas is likely to be on the lower end of the
estimation at 7-10 US$/MMBTu or less. However, there is a risk of escalating costs even with high

shale gas quantities due to up-scaling challenges.

The quantities of shale gas in the Big Gas scenario align relatively well with the IRP 2013 Update Big
Gas scenario and high levels of shale gas in the “Big Gas” scenario of the draft GUMP, in which the
assumption of a significant shale gas-based boom occurs in South Africa (with gas at relatively low
prices). There is assumed gas supply of 10-30 tcf of gas supply in South Africa in this scenario. The
assumed gas price in this Big Gas scenario of the IRP Update 2013 is 4 US$/MMBtu. This Big Gas
scenario of the IRP 2013 Update and draft of the GUMP is slightly higher when compared to the Big
Gas scenario for this report in terms of assumed gas costs but is used as a proxy at this stage to
represent a large shale gas scenario. To give an idea of the relative scale of this, in the Big Gas
scenario of the IRP Update 2013 the total gas consumed in 2030 and 2050 absorbs the shale gas
quantities of the Small Gas and Big Gas scenarios respectively in 6-8 years.

The results for a “Big Gas” scenario from the IRP Update are shown in Table 2.3. In this case of very
cheap gas, the bulk of the South African electricity is supplied from gas-fired power stations. The
entire fleet of CCGTs now runs at 70-80% average annual load factor, supplying mid-merit and
baseload demand. In 2030, there is a ®25% share of gas fired power generation in the energy mix
while in 2050 this becomes =85% (this is a very imbalanced energy mix but is expected as a result of

this being a “Big Gas” scenario).

The rollout of these levels of gas-fired power generation will likely necessitate significant changes in
detailed transmission grid planning assumptions as a result of notable changes in generation mix (not
only for gas fired generation). As previously mentioned, detailed grid planning performed in the

periodic plans like the TDP and GCCA will need to be updated accordingly.
In this scenario, gas is fully cost competitive in heating (residential/commercial/industrial), transport,

GTL (with the development of a new GTL facility), domestic fertiliser production and possibly LNG

export applications.
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Table 2.3:  Installed capacities and load factors of new CCGT/OCGT in South Africa as per the Big Gas
scenario of the IRP Update 2013 (DoE, 2013b)

IRP Update 2013 CCGT OCGT (new)
Updated Base Case
Total electricity demand in 2030 410 TWh, 61 GW (peak load)
Installed capacity in 2030 16.3 GW 1.4 GW
106 TWh 0.3TWh
Electricity production in 2030 (shale gas equivalent:
600-800 PJ/a)
Average load factor in 2030 74% 2%
Total demand in 2050 525 TWh, 80 GW peak load
Installed capacity in 2050 62.5 GW 6.7 GW
440 TWh 0.3TWh
Electricity production in 2050 (shale gas equivalent:
2 600-3 300 PJ/a)
Average load factor in 2050 80% <1%

2.3 Risk assessment

2.3.1 Measuring risks and opportunities

The risk assessment approach considers risk to be the product of the probability of a specific

event/trend occurring and the consequences of that specific event/trend with/without mitigation®.

Table 2.4 summarises the impacts considered in the following risk assessment. Details of the impacts
are:
1) Energy security: How does the development of shale gas affect the position with respect
to energy security?

a. Consequences of reduced energy security has the following range:

i. “Slight” considered to be a minimal increase in energy imports of an
additional ~5% from existing ~20% of total primary energy;

ii. “Extreme” is considered to be a doubling of energy imports to more than
50% of total primary energy.

b. The risk of reduced energy security with low levels of SGD is relatively low but
measurable as increased imports of LNG will be necessary (as well as refined
petroleum products). Even without shale gas though, the planning assumptions
are such that energy security and energy independence are not jeopardised
significantly (LNG infrastructure is already being considered as the “primer” for
gas to play a bigger role in South Africa’s energy future). Any domestic energy

? Please refer to the Preface of this scientific assessment for details on this approach (Scholes et al., 2016).
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source in addition to the already highly endowed energy landscape (abundant
coal, solar and wind resources) can only improve the already high security of
supply level.

c. The high dependence of the country on imported crude oil for transport is an
energy security consideration that if abundant and cheap shale gas results; GTL,
CNG and electricity-driven transport systems could bolster energy security.

d. The primary actors likely best positioned to mitigate against energy security risk
related to shale gas would be at a national level i.e. the DoE and Department of
Mineral Resources (DMR). Other actors would include Nersa, state-owned
enterprises (Eskom, PetroSA) and upstream/midstream operators and developers.

2) Energy cost: How does the development of shale gas affect the cost of energy in South
Africa?

a. Consequences of increased energy costs has the following range:

i. “Slight” is considered to be annual energy cost increases aligned with
consumer price index (CPI);

ii. “Extreme” is considered to be annual energy cost increases at more than
double CPI.

b. The risk of high energy costs due to SGD is low if energy planning is initially
based off LNG and imported piped gas as baseline planning assumptions.

c. Therisk is mainly linked to sub-optimal planning outcomes if energy planning is
based on the assumption of the availability of low-cost shale gas which then does
not materialise. Shale gas is low risk when planning off a zero shale gas baseline.
The main risk arises if shale gas pricing/volumes are assumed, influencing
investment decisions, but then don’t materialise. At this stage, the key mitigation
is that energy planning principal documents (IEP, IRP and GUMP) do not
primarily assume cheap shale gas but rather assume the availability of shale gas
as an option in specific scenarios.

d. The primary actors who would likely be in the best position to mitigate against
high energy costs would be at a national level and include Nersa, DoE and DMR.
Other actors would include state-owned enterprises as well as private operators
and developers active in the upstream/midstream South African gas market.

3) Energy accessibility to disadvantaged populations: How does the development of shale
gas affect the delivery of modern energy to disadvantaged communities?

a. Consequences of energy accessibility has the following range:

i. “Slight” is considered to be 100% envisioned access to modern energy

systems;
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ii. “Extreme” is considered to be any decline in access to modern energy
systems as a result of SGD.

Communities in the immediate study area of the SGD could benefit directly from
the available gas either via cheap shale gas supply from electric power generation
blended into the power generation mix (which when provided with electricity
access will realise the benefits of cheap modern energy) or gas for direct use in
residential heating/cooking, localised commercial/industrial end-use applications
(creating job opportunities) and possibly transport end-use.
If shale gas does not materialise, electrification in the study area is already
planned for where access is not yet available as defined in the NDP 2030 where
universal access is envisioned.
There is an opportunity for energy price trajectories to be lower into the future
relative to other options if significant cheap shale gas is found. In turn, this will
result in cheaper energy access to disadvantaged populations.
Communities in the rest of South Africa do not feel the direct benefit of shale gas
availability but could realise these benefits via reduced energy system costs and
environmental impact as significant gas-fired power generation will likely
displace coal-fired power generation. If shale gas does not materialise, the rollout
of solar PV and wind power generation in South Africa will still allow for
significantly reduced energy system costs and environmental impact.
The primary actors who would likely be in the best position to mitigate against
reduced energy accessibility would be at a national level (the DoE). State owned
enterprises like Eskom as well as municipalities implement electricity access
specifically in areas that do not currently have access via the DoE subsidised
Integrated National Electrification Programme (INEP). Direct access to gas for
heating/cooking for residential use would be led by DoE, Nersa and downstream
gas infrastructure developers as minimal existing infrastructure is currently in

place.

4) Potentially obsolete energy infrastructure lock-in: Does the development of shale gas

pose the risk of locking the country into potentially obsolete energy infrastructure?

a.

Consequences of potentially obsolete energy infrastructure has the following
range:

i. “Slight” is considered to be investment in two (2) or less major

upstream/midstream infrastructure investments that become obsolete i.e.

a gas-fired power station, pipeline, storage, LNG facility etc.;
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ii. “Extreme” is considered to be investment in an integrated network of gas
infrastructure that becomes obsolete from upstream to midstream to
downstream investments e.g. LNG import facilities, storage facilities,
gas-fired power stations, GTL facilities, gas transmission pipelines,
distribution and reticulation infrastructure.

b. Planning for large shale gas uptake could lead to the development of large GTL
infrastructure for transport end-use. This may become obsolete if envisaged shale
gas quantities and costs do not materialise. In order to mitigate this, it would
likely be better to continue importing liquid fuels into the medium term, and also
as a result of the high overall CO, emissions associated with GTL technology
anyway.

c. Planning for large shale gas uptake at very low prices and with significant
volumes could lead to less development of renewable energy sources (at very low
gas prices a high energy-share of gas-fired power stations can potentially be
cheaper than a mix of solar PV, wind and relatively more costly natural gas fired
generation). However, if the envisaged low shale-gas costs do not materialise,
then the large solar PV and wind fleet that is needed as a gas fuel-saver is only
built with a significant delay, and there is little risk in stranded gas-fired power
generation.

d. Obsolete pipeline infrastructure to connect potential shale gas to demand areas
could be a risk. In order to mitigate this, only when reasonable expectation and
evidence of commercial scale shale gas resources are found should there be
investment decisions made on pipeline infrastructure. Localised and limited
power generation in the study area should be pursued initially with imported
LNG and/or regional piped gas being sought while initial SGD is being
undertaken. Only once significant shale gas volumes at proven low prices is
feasible, should pipeline infrastructure be considered for transport of gas to
demand areas.

e. Obsolete LNG import infrastructure, which is a natural outcome of a Big Gas
scenario (a consequence of success), could materialise, but the associated storage
facilities could potentially be converted to support liquefaction for LNG export
and thus would not be stranded.

f. Gas reticulation infrastructure for residential/industrial/commercial end-use may
become stranded if developed too quickly. Similar to large pipeline infrastructure
from the study area to demand areas around the country, developments in this
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h.

regard should be moderated initially until significant shale gas volumes at
feasible prices are established.

There is a risk of gas end-users converting processes to gas and then having sub-
optimal outcomes as a result of higher gas prices and needing to convert to other
energy sources if gas prices increase. Again, the switch to gas as a primary
energy source should only be sought once domestic gas volumes and prices are
better defined (early adoption will prove risky).

As for power generation, the risk of stranded assets is relatively low, as a gas
fleet built on the assumption of large and cheap shale gas supply can be utilised
in a Big Gas scenario and in a solar PV/wind/LNG or solar PV/wind/piped gas
scenario alike (with lower load factors — which does not affect the unit cost much
for relatively cheap-to-build gas-fired power stations). The clear requirement for
pipeline infrastructure to get shale gas to demand centres not located in the study
area is a risk. However, planning for and implementation of significant pipeline
infrastructure from the study area to demand centres will only take place once
considerable verification of the shale gas resource has taken place and risk of
stranded infrastructure is minimised.

Key actors to mitigate against obsolete infrastructure investment would include
DoE at a national level as well as key state-owned enterprises (Transnet,
PetroSA) as well as upstream/midstream developers. Key actors in mitigating
against over-investment in gas distribution and reticulation infrastructure would

likely include DoE, Nersa and downstream industry stakeholders.

5) Emissions:

a.

For details on the consequences of a risk of a change in emissions please refer to
Winkler et al. (2016).

Generally, an increase in carbon emissions relative to an alternative scenario that
is based on VRE and (more costly, but less) natural gas. If shale gas is found at
very cheap prices, it will play a larger role in the electricity mix, displacing coal
but also replacing some VRE. The more gas-heavy VRE/gas mix will lead to
higher overall carbon emissions from the electricity sector (but less carbon
intensive than present day). A balanced policy approach will be necessary in this
regard to ensure planned carbon emission trajectories are adhered to i.e. gas fleet
expansion along with carbon free power generation (solar PV and wind).

More importantly, very cheap shale gas has the potential to increase the volume
of GTL production in South Africa (which is a cost-efficient process if input gas

cost is low) but a very carbon-intensive one. In order to mitigate this, crude
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and/or refined fuel imports may need to continue even with cheap natural gas that
could enable economic GTL conversion. Winkler et al. (2016) considers this in
more detail.

d. The prevention of gas leakage during production and transport is important to any
potential carbon mitigation scheme if large scale natural gas use is considered for
South Africa.

6) Network infrastructure:

a. Consequences of insufficient network infrastructure has the following range:

i. “Slight” is considered to be when there is largely sufficient network
infrastructure available but constrained electrical networks result in a re-
dispatch of the shale gas based power generation less than 5% of
unconstrained levels and gas transmission pipelines are never utilised at
more than 100% monthly average utilisation;

ii. “Extreme” is considered to be when there is constant curtailment of shale
gas-fired power generation as a result of insufficient electrical
transmission networks (>20% curtailment) and gas transmission pipelines
are utilised at above 100% daily utilisation for one day in each month of
the year.

b. The development of sufficient network infrastructure to evacuate gas-fired power
generation as well as transport natural gas to demand centres from relevant
geographical locations (not only in the study area) becomes more essential at high
shale gas volumes. It will become increasingly critical to ensure that sufficient
electrical and natural gas network planning is periodically performed and updated
in order to ensure sufficient network capacity at appropriate timescales in various
locations (including the study area).

c. Key actors to mitigate against insufficient transmission network infrastructure
would include current state-owned enterprises like Eskom and Transnet while
private industry midstream operators and developers would also play a key role.
Key actors in ensuring sufficient gas distribution and reticulation infrastructure

would likely include DoE, Nersa and downstream industry stakeholders.

2.3.2 Limits of acceptable change

The limits of acceptable change to SGD in South Africa as it relates to energy planning and energy
security are assumed to be outlined in the following policy guiding principal planning documents:

o Integrated Energy Plan 2015 (IEP 2015) [DRAFT]

o Integrated Resource Plan (IRP) 2010-2030
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o Integrated Resource Plan (IRP) Update 2013
e Gas Utilisation Master Plan 2015 (GUMP 2015) [DRAFT]

At a more strategic level, the NDP 2030 outlines the high level plan for the development of South
Africa to 2030. The above guiding policy documents flow from the NDP 2030 and align with the

envisioned future for South Africa as it relates to energy.

Of course, the relevant regulatory frameworks required and necessary legislation to enable the
development of shale gas in South Africa will act as limits of acceptable change into the future.
Details of the relevant legislation are included in Section 2.1.3 of this Chapter. The speed at which
SGD could occur and resulting limits to change from the status quo will depend on the speed and
flexibility of development of additional legislation and adjustments to existing legislation. More
specifically, envisaged MPRDA amendments (as well as other associated legislation) in order to

ensure a balance between investors and the state share in the value of projects.

Relatively small gas-fired power station capacities with low annual gas throughput are currently
envisaged in the IRP 2010 but scenarios are included for “Big Gas” in the IRP Update 2013 and in the
draft of the GUMP where significant natural gas finds are assumed (10-30 tcf). The other principal
scenarios in the draft of the GUMP are “Niche” which assumes 1 tcf of gas supply in South Africa
and “Hub” which assumes 1-10 tcf of gas supply.
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Table 2.4:

Risk Assessment Matrix for Energy Planning and Energy Security (See Section 2.3.1 for details)

Without mitigation

With mitigation

Impact Scenario Location Consequence Likelihood Risk Consequence Likelihood Risk
Reference Case Substantial Not likely Low None Not likely Very low
Energy security Exploration Only Substantial Not likely Low None Not likely Very low
sy s
posi tio)r/1 PRl Small Gas Substantial Very unlikely Low Moderate Very unlikely Low
Big Gas Substantial Extrgmely Low Moderate Extr_emely Low
unlikely unlikely
Reference Case Moderate Likely Low Slight Likely Very low
Energy cost Exploration Only Moderate Likely Low Slight Likely Very low
Increasing
electricity, heating National . .
and/or transport fuel Small Gas Moderate Not likely Low Moderate Very unlikely Low
cost
. . . . Extremely
Big Gas Slight Not likely Very low Slight unlikely Very low
Energy Reference Case Substantial Likely Moderate Moderate Not likely Low
accessibility to Exploration Onl Substantial Likel Moderate Moderate Not likel Low
disadvantaged P y y y
populations Small Gas Regional Moderate Not likely Low Moderate Very unlikely Low
Inadequate supply
of modern energy to
ities i . . Extremely
communites in Big Gas Moderate Very unlikely Low Moderate likel Very low
shale gas areas unlikely
LOCk'I.n to Reference Case Severe Very unlikely Low Severe Extr('emely Very low
potentially obsolete National unlikely
energy . . Extremely
infrastructure Exploration Only Severe Very unlikely Low Severe unlikely Very low
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Without mitigation With mitigation
Impact Scenario Location Consequence Likelihood Risk Consequence Likelihood Risk
Investment into
large energy Small Gas Severe Not likely Moderate Severe Very unlikely Low
infrastructure that
does not match
domestic shale gas Big Gas Extreme Likely Severe Not likely Moderate
supply
Emissions Reference Case Substantial Ext:.elin le Very low Moderate EXt:?lin lely Very low
Increased emissions unfikely unfikely
as a result of cheap Exploration Only Substantial Extrgmely Very low Moderate Extr(_emely Very low
shale gas that results . unlikely unlikely
- . National
in a relative change
in future portfolio Small Gas Substantial Very unlikely Low Moderate Very unlikely Low
mix (less VRE,
more gas) Big Gas Substantial Likely Moderate Moderate Very unlikely Low
Extremely . Extremely

Availability of Reference Case Severe unlikely Very low Slight unlikely Very low
sufficient network ] Extremely ] Extremely
capacity to evacuate Exploration Only National Severe unlikely Low Slight unlikely Very low
gas and gas-flr_ed Small Gas Severe Very unlikely Low Slight Very unlikely Very low
power generation - - - -

Big Gas Severe Likely _ Slight Very unlikely Very low
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2.4 Best practice guidelines and monitoring requirements

Best practice with respect to shale gas production and energy planning is best referenced to the US

experience in recent years.

The story of North American shale gas, particularly within the United States, offers a deep set of
experiences as to how the onset of large scale shale gas production impacts long-term energy planning
decisions. However, it is an important element in the US story to understand that until shale gas took
off, few could have truly anticipated such a pronounced and prominent future for shale gas. Figure
2.14 illustrates the sources of US natural gas production through its rapid transition to dominance of

US natural gas production.

Figure 2.14: Sources of US Natural Gas Production (solid black line represents shale gas production as a
percent of total gas production) (Staub, 2015).

It is also important to note that between 1999 and 2005, over 200 GW of new natural gas generation
capacity was installed, reflecting an expectation of massive private sector investment in LNG import
terminals, strong economic growth, lower capital intensity of new gas CCGT capacity relative to coal,
and a variety of technological advancements which shifted the competitive landscape of natural gas
CCGT generation over coal. While LNG import terminals never materialised, this massive (and
largely underutilised) fleet was well positioned when abundant, low-cost shale gas began flooding the
US market. Figure 2.15 illustrates natural gas generation quickly increasing and displacing coal-fired

generation, reflecting many natural gas generators reaching a “tipping point” with respect to
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generation costs (driven by low fuel costs) where they could produce electricity at or below the cost of
coal-fired generation, and in some cases, nuclear generation as well. Given that most CCGTs in the
US currently sit beyond the aforementioned baseload “tipping point” of cost-competitiveness with
nuclear and coal-fired generation, these facilities are often evaluated as the most economic candidates
for providing baseload power (on top of being used for mid-merit and peaking services) during IRP
processes. Given the cost of coal-fired generation in South Africa, and that in the immediate-term
South Africa intends to import LNG, this baseload tipping point for CCGTs in South Africa is likely

quite far away.

Figure 2.15: Annual US Generation by technology category 1990-2016 (EIA, 2016)

In order to understand how planning decisions were affected by the relative surge of US shale gas, it
is first necessary to establish how US energy planning decisions are made in practice. Relative to the
South African approach of more centralised and integrated energy plan with controlled private
participation and competition, energy planning related activities are decentralised in the US, and
nearly exclusively conducted by private sector entities with regulatory oversight. There is significant

heterogeneity in the US market in terms of actors, interests, and activities.

Private sector planning activities, as they relate to shale gas, touch upon investment decisions for inter
alia:
e Production, processing, storage and delivery infrastructure for shale gas.

o LNG export facilities.
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e End-use investments across multiple industries (e.g., electric generation capacity, chemical
production facilities, transportation fleet and refuelling infrastructure, heating and cooling

infrastructure).

The private sector actors that develop shale-related infrastructure investment are a diverse and nimble
group, having experienced massive and foundational market transformation in a very short period of
time. They exhibit highly diverse characteristics with respect to:

o Expectations and risk tolerances for long-term price fluctuations due to evolving market

dynamics and physical/market disruptions;

o Expectations of trends for various end-use sectors and regions across multiple timeframes;

e Expectations of the direction of the US LNG export market;

e Access to capital, financing, and hedging mechanisms;

e Existing investment portfolios and risk diversification strategies; and

o Regulatory paradigms (if any) to navigate.

Electricity planning processes for electric utilities, such as IRP, frequently employ natural gas price
projections (informed by, inter alia, expectations of shale gas production) to inform and balance new
investment decisions for generation capacity. Throughout procurement processes for new generation
capacity, various mechanisms can be employed to manage risk and secure favourable natural gas
prices. In some regions of the US utility planners are risk averse when it comes to natural gas price
volatility and are currently reluctant to plan for gas-dominant generation mixes as a result. However,
in other regions of the US, natural gas now accounts for over 50% of the electricity mix with many
planners in these regions being urged by some stakeholders to not become over-exposed to gas as a

generation source.

Perhaps salient for South Africa’s natural gas related power sector planning is that new natural gas
power plants in the US are typically proposed by utilities and approved by regulators upon
demonstrating that:

1) From a power system perspective, the economics of a proposed natural gas power plant must
be proven as the most cost-effective option, relative to other generation options to meet grid
requirements.

2) From a power system perspective, a given proposed project meets an expected and concrete
need of the system (i.e. peaking, mid-merit, baseload) as demonstrated by a techno-economic
modelling exercise that assumes a given price of natural gas fuel, among a variety of other
input assumptions. This model will simulate dispatch of the generation portfolio based on

lowest short-run marginal cost (not a Power Purchase Agreement (PPA) price) to meet
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projected demand, as this is what the grid operator is obligated to do in real life, and quantify
the need for new natural gas generators and their expected generation behaviour on this basis.

3) From the utility/regulator perspective, that the compensation level for the proposed plant
(either via PPA price, or rate-based CapEx and OpEX) is efficiently discovered (often via
public tender) and is near, at, or below the assumed short-run marginal cost modelled from
the system perspective (a convergence between modelled cost and procured price).

4) From a project developer perspective, the proposed project will be a bankable investment
based on the aforementioned compensation level and the expected generation profile over the
economic lifetime of the facility.

5) From a gas market perspective, that natural gas fuel will be available when it is needed (and

at a reasonable price) to meet demand and reliability requirements.

In the US context, the gas market is assumed to be deep and liquid during planning and procurement
exercises, with minimal constraints with respect to fuel availability, storage, or contractual constraints
(such as take-or-pay stipulations).There is generally strong convergence between the
assumed/modelled short-run marginal cost of the facility in planning exercises and the overall
compensation level for the proposed plant over its economic lifetime, such that projects are bankable

and utilities/consumers are paying a fair price for electricity.

The South African context offers a unique set of circumstances with strong implications for planning.
First, given the relative economics of all new-build generation options in South Africa, the power
system will almost certainly require natural gas power plants for mid-merit and peaking services, and
not for baseload. Second, without prior experience, it is unclear to what extent there will be
convergence between assumed short-run marginal prices in planning exercises and compensation
levels for project developers, and whether or not those compensation levels will make for bankable
investments given the expected generation profiles of the projects. There is, however, a great degree
of certainty that GTP PPAs will be higher than those of coal-fired power plants, but lower than diesel.
Finally, South Africa does not have a deep and LNG market and must procure LNG from the global
market, likely through a long-term take-or-pay contract.

Table 2.5 compares the relevant USA and South African solutions to a range of questions that might

be raised while evaluating a prospective natural gas power plant investment, organised by stakeholder

perspective.
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Table 2.5:  Questions for evaluating a prospective natural gas power plant investment by stakeholder
perspective for the US and South Africa
. United States of America .
Perspective South Africa

(USA)

Power System — Energy Planner

1. Is this investment the most cost-
effective option to meet the needs
of the power system?

1. Commonly addressed using a
combination of techno-economic
power sector modelling and
engineering judgment.

1. South Africa’s IRP process has
addressed this question directly and
allocated a defined, cost-effective
capacity of natural gas power plants to
be built using transparent assumptions
about natural gas prices.

Power System Operator

2. Does the proposed project meet
an expected and concrete need of
the power system? What is the
power plant’s expected generation

profile?

2. Techno-economic maodelling
helps to ensure a concrete need is
being met. Given the competitive
landscape of generation
technologies in the US, natural gas
power plants are likely candidates

2. Techno-economic modelling (via
the IRP) helps to ensure a need is
being met. Given the immediate-term
expectations of imported LNG costs
and  competitive  landscape  of
generation technologies, natural gas

for baseload, mid-merit, and | power plants are likely candidates for
peaking services. mid-merit and peaking services.
Utility/Regulator
3. Is the compensation level for the | 3. There are a range of | 3. The DoE Independent Power

proposed plant  fair? Was it

efficiently discovered?

4, To what
convergence
assumed/modelled

extent is there
between
costs  and

developer compensation levels?

5. To what extent are developer
compensation levels near expected
costs of other technologies?

procurement mechanisms utilised
by US utilities to ensure efficient
price discovery.

4. There tends to be strong
convergence in the US context.

5. In the event that developer
compensation levels are quite
close to other expectations of other
generation technologies,
modelling and/or procurement
processes may be revisited.

Producer Office (IPPO) has shown
immense global leadership in ensuring
efficient price discovery for renewable
energy, and will likely be able to do
the same for natural gas power plants.

4. There is no experience as of yet to
indicate the extent of convergence.

5. No experience as of yet. However,
in South Africa, natural gas generation
short-run marginal cost will almost
certainly be more expensive than coal,
but less expensive than diesel. Thus,
there will not be a need to re-visit
modelling or procurement processes.

Project Developer

6. Given the compensation level
and expected generation profile, is
this project bankable?

6. Generally speaking, natural gas
power plants that are centrally
procured in the US are considered
bankable investments.

6. There is no experience as of yet.
After Round 1 of IPPO’s GTP
Programme, more information will be
available.
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Perspective

United States of America
(USA)

South Africa

Natural Gas Market

7. Will natural gas fuel be
available when it is needed and at
a reasonable price to meet the
power plant’s needs?

8. Is the demand from the plant
significant enough to obtain an
economical fuel price?

9. What happens if the plant does
not use all of the fuel it procures?

7. The natural gas market in the
US is deep and liquid. In the
current regime of abundant, low-
cost shale gas, this answer to this
question, generally speaking, is
yes.

8. Yes (see #7)

9. Because of the deep and liquid
market, there are a variety of
contractual protections, hedges,
storage schemes and alternative
uses that can generally be used.

7. Natural gas will need to be
purchased from the global market,
likely via a long-term take-or-pay
contract. An on-site offtake storage
facility will need to be refuelled on a
contractually agreed upon. Global
LNG market, likely on a take-or-pay
contract.

8. There is no experience as of yet.
Natural gas purchases will be to
procure gas at volumes that stimulate
market interest.

9. Natural gas power plants are
expected to serve as the anchor
customer in the immediate term, while
a secondary market for LNG builds
up. LNG procurement contracts
should be tied to the expected
generation profile of power plant, with
some storage available to absorb
fluctuations in utilisation between
LNG top ups.

Shifting away from the US experience with shale gas, regarding procurement of gas-fired power

generation in South Africa, the following is noted:

e The techno-economic parameters utilised in procurement should be informed by the power

system cost minimisation (with policy adjustment considerations) analysis performed by the

IRP or similar studies. Such parameters should include the capacity, year of commercial

operation, dispatch profile, provision of reserves and other ancillary services. The IRP should

hence provide the use-case specification for procurement. Going forward, the IRP should

model anticipated gas price elasticity whereby gas volumes and pricing inter-dependencies

are considered.

e The procurement process should be technology agnostic, allowing developers to select and

optimise technology choices to minimise total cost for the anticipated dispatch profiles, gas

pricing and other parameters (such would include open/close cycle operation, unit sizes and

gas-engines/turbines).
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o Gas fuel supply agreement will need to be tightly integrated with the power station PPA,
ensuring synergy in gas volumes, gas quality, variability and reliability with the PPA dispatch
regime and tariff.

e Power generation capacity and dispatch profiles should consider gas price elasticity.
Anticipated gas volumes should be at levels that are anticipated to stimulate market interest
and competitive gas pricing.

e Certainty in gas volumes should be provided via take-or-pay gas supply contracting for an
initial period of time. Such certainty must however support flexibility in power generation
dispatch as linked to the gas storage and logistical implications and constraints.

e The contracting must support the provision of flexible power in alignment with the IRP use-
case. Current expectations are for high levels of operational flexibility via rapid starting,
ramping, reserve provision, and load following.

o Gas fuel supply agreements for the power generation anchor demand should provide access to
gas for third parties such as industrial gas users.

e Gas infrastructure and fuel supply agreements should be structured to allow future switching
from e.g. imported LNG to future domestic shale gas. Such should include gas specifications
that ensure that future indigenous gas sources are not prejudiced. Project bankability must be
supported via ensuring adequate compensation for fixed assets that may be stranded in

switching to alternative gas supplies e.g. LNG import infrastructure.

2.5 Gaps in knowledge

Available gas volumes and expected prices of domestic shale gas greatly impact the mix in the long-
term energy planning (IEP, GUMP, IRP, and SGP). Research in this regard (volumes and expected
prices) is the most needed type of research from a pure energy-planning perspective. This will likely
be informed by the publication of the final versions of the IEP, IRP and GUMP (as well as associated

data and studies that informed them).

The implementation of drilling and exploration by stakeholders with exploration rights in the study

area will likely add significant knowledge from a near zero baseline at this stage.

If higher levels of shale gas volumes in the Big Gas scenario are considered (to become a ‘game
changer’ scenario), who would be the primary anchor demand sectors (power generation, industrial,
residential, commercial, mining, manufacturing) and at what prices would these demand sectors start

to use or switch to natural gas provided by shale gas? Would supply of natural gas from other sources
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be more/less competitive at an aggregate level e.g. imported LNG, regional pipeline import, domestic

offshore finds etc.?

Globally, recent publications like Bazilian et al. (2014) outline a research agenda on economic,
environmental, and social dimensions of natural gas to ensure benefits of SGD are ensured (with a
specific focus on the US but with applicability globally in many respects). At a high level, the
following research agenda related to natural gas is as follows (as extracted from Bazilian et al.
(2014)):

1) Increased empirical research into environmental impacts from natural gas, including fugitive
emissions of methane and water contamination issues (both surface and subsurface);

2) Comprehensive and integrated economic, environmental, and social research in order to
understand trade-offs and interactions between different sectors and impacts,; and

3) Development of decision support tools to convey results of integrated modelling to decision
makers in an engaging and informative fashion. Given the scale of possible benefits and

impacts from natural gas development, there is no time to waste in clarifying these choices.
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Executive Summary

Shale gas development (SGD) presents opportunities and risks with regards to air pollution and
greenhouse gas (GHG) emissions. There is a potential opportunity to reduce emissions, if shale gas
replaces “dirtier’ (more emissions-intensive) fuels, however, there is also a risk of increased emissions
if shale gas is added to the existing energy mix, and displaces cleaner fuels for new capacity.
Emissions of GHGs have global impacts, while impacts from air pollution are generally assessed at

local and regional scales.

The highest risks assessed are due to leakage of methane prior to end-use, a potent GHG; and the
exposure of workers to air pollutants on the wellpad. For all three SGD scenarios considered in this
assessment, the scale of SGD in South Africa is assumed to be smaller than SGD in the United States
of America (USA), which results in lower estimates of air pollution and GHG emissions for South
Africa as compared to the
USA, even in the Big Gas

scenario (Figure i)".

An urgent priority is the early
establishment of baselines
(through air quality and GHG
monitoring stations in the
study area, and inventories for

air pollutants and GHG

emissions), to be followed by
Figure i Air pollutant emissions from bottom-up inventories for

the design of continuous Karoo shale gas compared to main shale plays in USA.

monitoring systems.

Based on the scientific assessment, it is recommended that further research into the existing regulatory
framework and its capacity to deal sufficiently with SGD, along with the potential to enhance
institutional and human capacity be explored. Industrial activity in the study area is currently low and
the need for this type of regulatory capacity does not currently exist. Good practice guidelines are
needed to minimise impacts on air quality and reduce GHG emissions, with guidelines for control

technologies, consideration of effective legal regulation, early establishment of baselines and

! Further details on figures in the executive summary are in the text surrounding the same figure in the main
body of this Chapter.
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continuous
monitoring,  and
good governance
enabled by
coordination across
several institutions
(see Section 3.4).

Local air
pollution

Both workers and
the local and

regional

communities may
Figure ii: Air pollutants associated with occupational exposure, and local and

be exposed to local .
community exposure.

air pollutants

during the course

of SGD (Figure ii). The air pollutants considered in this assessment are nitrogen oxide (NOy), carbon
monoxide (CO), volatile organic compounds (VOCs), diesel exhaust, particulate matter (PM,s and
PMyo), hydrogen sulfide (H,S), ozone (O3) and respirable crystalline silica. Activities which lead to air
pollutant emissions include wellpad and infrastructure preparation (i.e. trucking of equipment),
vertical and horizontal drilling, hydraulic fracturing, well completion, transportation (e.g. transport of
water and waste materials), production stage distribution of the gas, and associated end-use of the gas.

Table 3.6 summarises the main risks to deterioration of air quality.

There is a high risk of workers on the wellpad being exposed to air pollution, if mitigation is absent.
This is driven by emissions of respirable crystalline silica, diesel exhaust and VOCs. It is anticipated
that the risk of silica exposure can be effectively mitigated, although exposure to VOCs and diesel
exhaust will be harder to mitigate. Thus, even with mitigation, occupational exposure is still assessed

as a moderate risk.

Risks to human health from local and regional community exposure are assessed as low to moderate,
in the Exploration Only (Scenario 1), Small Gas (Scenario 2) and Big Gas (Scenario 3) scenarios for
SGD. For local communities, the risk of exposure to air pollution is driven by the increase in ambient
PM concentrations, which already occasionally exceed national ambient air quality standards
(NAAQS). For communities that are more than 10 km from a production block, the risk is driven by

Page 3-6



CHAPTER 3: AIR QUALITY AND GREENHOUSE GAS EMISSIONS

the potential exposure to increased truck traffic, which can be mitigated. The air quality impacts on
agriculture and ecosystems are assessed as low or very low. Even at the lowest estimate for
exploration alone (Exploration Only scenario), NO, emissions from unconventional natural gas would
dominate regional emissions due to the current low level of industrial activity in the Karoo. SGD on
its own is unlikely to cause material exceedances of legal limits of nitrogen dioxide (NO,) and ozone
concentrations, even in the Big Gas scenario. For ozone and PM, no concentration limit has been
determined below which there is no impact on human health. It is important to note that the
confidence level of findings related to ambient concentrations is limited by the lack of regional air

guality information (including measurements and photochemical modeling).

There is some opportunity for shale gas to improve indoor air pollution, which depends on displacing
wood, coal and paraffin as domestic fuels. To realise the potential for air quality improvements

through replacement of dirtier fuels, the fuel switch should happen in the same geographical area.

Greenhouse gas emissions

SGD presents both risks to increase and opportunities to reduce GHG emissions. The opportunity of
emission reductions depends crucially on whether gas displaces coal (the main fuel in South Africa
currently, with higher GHG emissions intensity), or gas displaces even lower-emission alternatives
(such as renewable energy, nuclear, imported or domestically refined fuel). Even with the worst
leakage rates, the ‘worst shale gas’ is roughly as emissions intensive as the ‘best coal’. But if gas
displaces even lower-emitting alternative energy supply, GHG emissions would increase. The main

risks of increased GHG emissions are summarised in Table 3.9.

Fugitive methane emissions are identified as a high risk in this assessment, and depend significantly
on leakage rates and global warming potential (GWP) values (Figure iii). The risk of fugitive methane
emissions under the Big Gas scenario might be reduced from high to moderate with mitigation and

use of good practice in control technologies and systems.

Shale gas would reduce GHG emissions compared to coal by 0.54 t CO,-eq per MWh. If Combined
Cycle Gas Turbine (CCGT) plants displace nuclear or renewable energy plants, this would increase
emissions intensity by +0.45 t CO»-eq per MWh. By comparison, the emissions intensity of current
coal plants is 0.99 t CO»-eq per MWh.
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Figure iii: Implications for national GHG emissions for different leakage rates of fugitive methane.

Absolute changes in GHG emissions depend on projections of electricity produced, which is a matter
of energy planning (see Wright et al., 2016). Making simple assumptions for this Chapter; the
consequences of increased or reduced GHG emissions were calculated as slight to moderate in
relation to the national emissions trajectory. An indicative scale of consequences, in absolute units
(Mt CO,-eq per year) was developed for this assessment drawing on the literature (Figure iv and
Table 3.8).

Figure iv: Indicative consequences of increases in GHG emission reductions and opportunities for
reductions.
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Severe consequence can be seen in Figure iv for fugitive methane leading to a net increase in GHG
emissions, assuming a Big Gas scenario and higher leakage rate. CCGT displacing new renewable
energy or nuclear power has substantial consequences; whereas if gas displaces coal, this is the
biggest opportunity to for a net decrease of GHG emissions in Figure iv. Replacing fuel produced
from importing crude oil and refining it locally with GTL from shale gas has a low risk of increases,
given that is assessed as likely with moderate consequences. The consequence for imported fuel is
moderate (4.2 Mt CO,-eq per year), which is still the case with mitigation but at lower scale (2.8 Mt
CO,-eq per year). The latter consequence comes close to the consequence of GTL displacing imported
fuel refined locally (2.4 Mt CO,-eq per year). Some relative emissions factors need further study,

notably for coal- and gas-to-liquids.
International experience regarding leakage rates deserves further study, as the range in the earlier

literature is being extended by recent findings on super-emitters — low-frequency but high-

consequence events.
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CHAPTER 3: AIR QUALITY AND GREENHOUSE GAS EMISSIONS

3.1 Introduction

One dimension of assessing the risks and sustainability of shale gas development (SGD)? is the
impacts of air pollutant and greenhouse gas (GHG) emissions; these emissions, while they have
similar sources, have varying spatial and temporal aspects. Air pollution can have near-source local
impacts (e.g. impacts from occupational exposure and impacts to nearby communities), as well as
regional impacts. The potential risk of SGD to impact air quality is assessed through its potential to
harm human health, with considerations for impacts on ecosystems and agriculture also discussed.
GHG emissions, which contribute to climate change “unequivocally” (Intergovernmental Panel on
Climate Change (IPCC), 2007; 2013; 2014), add to global concentrations in the atmosphere no matter
where in the world they are emitted, and thus the GHG emissions from SGD are global in nature. For
both air pollutants and GHGs, there are risks of negative impacts with higher levels of emissions, e.g.
negative impacts to human health from exposure to air pollution, or increased levels of GHG

emissions in South Africa. There are also opportunities to reduce impacts from other fuel sources.

The overall scope of this Chapter covers emissions of gases to the atmosphere, with impacts at various
spatial and temporal scales. Emissions of air pollutants with impacts at local and regional scale are
referred to in this Chapter as simply “air pollutants’, resulting in changes in “air quality’. The impact
of GHGs is at a global scale. A more detailed scope is discussed for air quality in section 3.2.1 and for
GHGs in section 3.3.1.

For both air quality and GHG, the use of shale gas and possible alternative fuels matters. There is a
potential opportunity to reduce emissions, if shale gas replaces “dirtier’ (more emissions-intensive)
fuels. There is also a risk of increases of emissions, if shale gas is added to the existing energy mix
rather than technologies using cleaner fuels. The GHG risk assessment considers cases where shale
gas is used in addition to existing electricity generation and liquid fuel supply technologies, as well as
cases where shale gas replaces coal, renewable energy or nuclear power; and coal-to-liquids (CTL) or
domestically refined products from imported crude oil (see section 3.2.1). Similarly, some of the
potential benefits of reducing indoor air pollution depend on shale gas displacing other fuels (e.g.
coal), in the form of electricity or piped gas. However, a key difference between air quality and GHG
considerations is the spatial component. The source and location where GHGs are emitted is not
directly related to where its impacts are felt (which is a function of global emissions), whereas

location matters for air quality. Electricity generation from coal for example; also produces air

Z See definition for shale gas development in Burns et al. (2016).
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pollution — but in a different geographical area to the study area. While there is some transport of air
pollutants over the distance between Mpumalanga and Karoo, the concentrations of the air pollutants
transported would generally be much smaller than the potential impacts from the local SGD (Abiodun
et al., 2014; Freiman & Piketh, 2003; Nzotungicimpaye et al., 2014; Piketh et al., 1998).

Emissions of air pollutants and GHGs are closely associated with activities covered in other Chapters
of the scientific assessment, notably energy supply and use — as the previous paragraph makes clear
(see Wright et al. 2016). Impacts of air pollution are also associated with visibility (Oberholzer et al.,
2016), spatial planning (i.e. location of human settlements) (Van Huyssteen et al., 2016), health
(Genthe et al., 2016) and agriculture (Oettle et al., 2016).

This rest of this Chapter is organised as follows. Section 3.2 is the major section dealing with air
quality, its scope, potential impacts, limits of acceptable change, in order to conduct an analysis of
risks and opportunities, with risks summarised in section 3.2.5 and Table 3.6. Section 3.3 is the main
section dealing with GHG emissions, with the overview of risks in section 3.3.5 and Table 3.9. Note
that in both sections 3.2 and 3.3, consistent with guidance to the scientific assessment, the risk
assessment matrices include only risks, while opportunities are dealt with in the text of the section.
Section 3.4 considers good practice for minimising impacts, for both air quality and GHG emissions.
Section 3.5 identifies gaps in knowledge.

3.2 Air quality

3.2.1 Scope

Air quality concerns related to SGD and usage include the emission of air pollutants during all phases,
i.e. exploration, development, use of the gas (in transport and energy sectors), and decommissioning.
The pollutants considered here include some of the so-called ‘criteria’ pollutants, identified in Table
3.1 and described in more detail in Text Box A. Volatile organic compounds (VOCs), including those
with carcinogenic potential, are considered, as is diesel exhaust, respirable crystalline silica and

hydrogen sulphide (H,S).
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Text Box A: Species of local air pollutants

NO, are nitrogen oxides (NO + NO, = NO,) and CO is carbon monoxide. Volatile organic compounds can also
be referred to as non-methane volatile organic compounds, and are hereafter referred to as “VOCs” (Brantley et
al., 2015; Gilman et al., 2013). Atmospheric particulate matter is referred to as PM and regulated by particle size
(PM,5; < 2.5um in aerodynamic diameter, PMjg; <10 pm in aerodynamic diameter and see Table 3.1 below)
(Armendariz, 2009; Grant et al., 2009; Roy et al., 2014). Ozone is a secondary pollutant that is formed in the
atmosphere from reactions of its precursors (i.e. nitrogen dioxide (NO,) and VOCs). For emissions related to
diesel engine operation, >90% of the NO, emitted is in the form of nitrogen monoxide (NO), which scavenges
available ambient ozone and may lead to near-source ambient ozone reduction, although solar-radiation driven
dissociation of the NO, that is formed may lead to overall regional increases in ambient ozone concentration
(Clapp, 2001; Han et al., 2011; Seinfeld & Pandis, 2006; Song et al., 2011). Diesel exhaust has been classified
as a human carcinogen and is most frequently characterised and regulated in terms of its particulate matter
content (DPM) (International Agency for Research on Cancer (IARC), 2012).

The air pollutants identified have impacts on communities (locally and regionally) and through
exposure in the work place. These are illustrated in Figure 3.1, together with key activities that emit

the air pollutant, which are discussed in more detail in the following sections.

Figure 3.1:  Air pollutants associated with occupational exposure and local and community exposure®

® »Builder" icon by To Uyen, "SAGD" icon by Adam Terpening, "Water Truck" icon by Juan Pablo Bravo,
"motor” icon by Aaron K. Kim, "Power Plant" icon by Dimitry Sunseifer, "Map Marker" icon by Alex
Almaqvist, "community" icon by parkjisun, "people" icon by Berkay Sargin, "Map Marker" icon by Calvin
Goodman from thenounproject.com
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Note: H,S is in parentheses to highlight it will be a risk only if H,S is present in gas deposits.

Ambient (i.e. outdoor) air quality is impacted by emissions from industrial and mining activities,
vehicles, power generation, and natural causes such as veld fires, while indoor air pollution can result
from burning wood, coal and paraffin in households. The relative contribution of these emission
sources likely vary spatially across the Northern, Western, and Eastern Cape Provinces located in the
study area. However, it is important to note that there is no ambient monitoring station within the
study area, and as such very little is known about the current state of air quality in the region

considered in the scientific assessment.

In South Africa, regulatory standards exist for the ambient concentrations of certain air pollutants and
the emissions of air pollutants from selected activities. Air quality is governed by the National
Environmental Management: Air Quality Act (39/2004), with municipalities responsible for
generating and maintaining air quality management plans. Emission limits have been set for certain
industrial categories, including the petroleum industry, but no subcategory yet exists for
unconventional gas extraction (Republic of South Africa (RSA), 2013). National ambient air quality
standards (NAAQS) set limit values over relevant averaging periods for seven air pollutants viz. PM,
sulphur dioxide (SO,), NO,, O3, CO, lead (Pb) and benzene (C¢Hg¢), with PM being divided into two
particle sizes (RSA, 2009a; 2012) (Table 3.1). These ambient standards are set to protect communities
from air pollution exposure. In South Africa, there is not an ambient standard for H,S, a gas which is
highly toxic and has a pungent odour. The World Health Organization (WHO) recommends that “to
avoid substantial complaints about odour annoyance” by communities, the 30-minute average ambient
H.,S concentration should not exceed 7pg/m® (WHO, 2000). Occupational exposure to air pollutants is
governed by the Occupational Health and Safety Act (85/1993). Table 3.1 includes the occupational
limits for H,S and respirable crystalline silica, which are potential occupational health risks. There is
also a risk to occupational health from inhalation of VOCs, however the applicable regulated exposure
limits depend upon the composition of the VOCs. As the composition is not yet known, no limits with
regards to VOCs are listed in Table 3.1.
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Table 3.1: South African ambient air quality standards and allowable frequency of exceedance of the
standard as a function of pollutant and averaging time
. . South African National Standard Allowable frequency of
Species Averaging time .
Concentration exceedance
SO, 10 minutes 500 pg/m° (191 ppb) 526
1 hour 350 ug/m° (134 ppb) 88
24 hours 125 pug/m° (48 ppb) 4
1 year 50 ug/m’ (19 ppb) 0
NO, 1 hour 200 pg/m’ (106 ppb) 88
1 year 40 pg/m’ (21 ppb) 0
PMyo 24 hours 75 pg/m’ 4
1 year 40 pg/m° 0
PM,s 24 hours 40 pg/m* 4
(25 pg/m?® from 1 Jan 2030)
1 year 20 pg/m’ 0
(15 pg/m® from 1 Jan 2030)
0; 8-hours running 120 pg/m® (61 ppb) 11
CeHs 1 year 5 pg/m° (1.6 ppb) 0
Pb 1 year 0.5 pg/m° 0
co 1 hour 30 mg/m® (26 ppm) 88
8 hour 10 mg/m® (8.7 ppm) 11
South African Occupational Standards (Department of Labour (DOL), 1995)
Species TWA OEL-RL * (mg/m®) | Short term OEL-RL** | TWA OEL-CL ***
(mg/m?) (mg/m?)
H,S 14 (10 ppm) 21 (15 ppm) NA
Respirable crystalline | NA NA 0.1
silica*
Source: (DOL, 1995; RSA, 2009a, 2012)
* TWA OEL-RL Time Weighted Average Occupational Exposure Limit - Recommended Limit

** Short-term exposure is for 15 minutes.
falele TWA OEL-CL Time Weighted Average Occupational Exposure Limit — Control Limit; this is the
maximum concentration that employees may be exposed to through inhalation averaged over the
reference period under any circumstances. Silica CL was updated in 2008 with an amendment to the
Occupational Health and Safety Act (85/1993).

3.2.2 Key potential impacts on air quality

3.2.2.1 Emissions

SGD activities lead to air pollutant emissions at several points across the life cycle (see Burns et al.

2016). Within these life cycle steps, notable activities that lead to air pollutant emissions include

wellpad and infrastructure preparation (i.e. trucking of equipment), vertical and horizontal drilling,

* The Department of Labour (DOL) defines that “the concentration of respirable dust shall be determined from
the fraction passing a size selector with an efficiency that will allow: 100% of particles 1 pm aerodynamic
diameter, 50% of particles of 5 um aerodynamic diameter, 20% particles of 6 pm aerodynamic diameter, 0% of

particles 7 um aerodynamic diameter and larger, to pass through the size selector”
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hydraulic fracturing (“fracking™), well completion, transportation (e.g. transport of water and waste

materials), production stage distribution of the gas, and associated end-use of the gas.

The life cycle of SGD results in a large number of relatively small point sources of air pollutants
spread out over a potentially large geographical area (wellpad activities), as well as mobile sources
(truck traffic) and fugitive sources (equipment leaks) (Field et al., 2014). A key feature of shale gas
technologies is that several wells can be drilled from one wellpad, which focuses intense industrial
activity in one area (Adgate et al., 2014). New wells are drilled regularly as a result of rapid decline in
the rate of gas production from a well (Burns et al. 2016), and once drilling commences in a shale
play it operates continuously (IEA, 2011). This creates a constant (i.e., 24-hour) output of air
pollutants from diesel generators, stationary engines and truck traffic. The activities during well
exploration, appraisal and development lead to emissions of NO,, SO,, particulate matter (PM, s and
PMy), diesel particulate matter (DPM), VOCs, CO, silica, and H,S, as indicated in Table 3.2.

Table 3.2: Summary of air pollutant emissions from sub-activities of life cycle stages from Burns et al.
(2016)

CO | NOy | SO, | PM | VOCs | Resp. Silica H,S
Well Exploration, Appraisal and
Development
Trucking (equipment, water, waste) X X X X X
Drilling (vertical and horizontal) X X X X X XX
Hydraulic Fracturing X X X X
Well Completion X XX
Production
Pneumatics X XX
Fugitives X XX
Wellhead Compressors X X X X XX
Blowdown Venting X XX
Decommissioning
Leakage XX

Notes: PM in this table includes DPM as well as PM, s and PMy,. Those processes where H,S emissions would
occur if H,S is present in gas deposits are indicated with “xx”. SO, emissions will depend on the sulphur
concentration of the diesel fuel utilised in transport. Methane is not included under “decommissioning” as it is a
global GHG discussed below in Section 3.3.

3.2.2.1.1 On-site emissions

On-site emissions could include H,S, which is a highly toxic gas that is naturally occurring in some
natural gas deposits. However, previous studies suggest that the probability of H,S emissions in the
study area is low (Burger, 2011). Silica sand is the most commonly used proppant in the fracking
fluid, and can be lofted into the air where workers may be exposed, leading to the risk of respiratory

diseases.
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The drilling of a well requires five to seven diesel-fired compression-ignition engines, which range
from 300 to 1000 kilowatts (kW) (Grant et al., 2009; Roy et al., 2014) while fracking requires the use
of stationary pump engines. These engines on-site will emit NO,, PM, CO, SO, and VOCs.

The well completion process requires flowing the well via venting or flaring for a sustained period of
time to remove any debris or mud, and to remove any inert gases present from the well stimulation
process. This can result in a significant amount of vented gas, and as such can be a large source of
VOCs (Pacsi et al., 2013), which in these scenarios is assumed to be controlled by flaring to reduce
emissions (Burns et al., 2016). Production emissions on the well-site are primarily VOC emissions,
except in the case of the use of wellhead compressors, which also release small amounts of NO, and
DPM. VOCs are released from production fugitives, pneumatic devices, and blowdown venting.

Production emissions are assumed to derive from devices and compressors that operate continuously.

3.2.2.1.2 Mobile emissions

Truck traffic will increase substantially with SGD and will lead to emission of NO,, diesel exhaust
(including DPM), PM, 5, VOCs and road dust (Adgate et al., 2014; Roy et al., 2014). Trucks will be
used initially to transport all of the necessary materials to the well site, including the engines, water,
chemicals, and equipment. In addition, trucks will be used to transport materials from one well to
another as needed. A potentially large source of truck traffic, and one with a considerable amount of
uncertainty in South Africa, is associated with the transport of water to the well for fracking, as well
as the transfer of flowback water to wastewater treatment sites or storage ponds. These mobile sources
will expose a larger geographical area to the emissions of air pollutants, though it is important to note
that if the scale of the resource warranted the necessary infrastructure investments, piping water

would help to minimise truck transport emissions.

3.2.2.2 Fate of pollutants

The magnitude and spatial extent of the impact of atmospheric emissions on air quality are influenced
by the rate at which pollutants are emitted (as discussed above), and their fate in the atmosphere (i.e.
dispersion, transformation (e.g. chemical reaction), and removal). The local dispersion is influenced
by the height, velocity, and temperature of release of the emissions, as well as meteorological factors
(e.g. wind speed and direction, ground-based inversion layers). In addition, air pollutants can be
transported long distances; for example, smoke from biomass burning activities in Zambia may be
distributed across southern Africa by prevailing winds in the late winter and spring (RSA, 2009b;
Swap et al., 2003). As such, for SGD, pollutants emitted in the study area may be transported outside
of its borders. The dominant wind directions as a yearly average reported in Burger (2011) for

Beaufort West, which is the only wind analysis that could be found for the study area, were from the
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