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1. BACKGROUND TO THE SB

In 2010 the Department of Mineral Resources (DMR) received five Exploration Rights (ER)
applications in terms of the Minerals and Petroleum Resources Development Act, 28 of 2002
(MPRDA) to explore for shale gas in the Central Karoo. One application was &dbhytFalcon Oll

& Gas Limited (AFalcono), three by Shell Expl or
Gas and Oil Exploration (Pty) Ltd (ABunduo).

The potential economic and energy security benefits of a large shale gas resource in the Karoo Basi
could be substantial; as are both the positive and negative social and environmental issues associated
with a domestic gas industry. Shale gas exploration and production has already become a highly

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

To address this lack of criticaligvaluated information, a Strategic Environmental Assessment (SEA)
for shale gas exploration and production was commissioned in February 2015 by the Department of
Environmental Affairs (DEA) ofthe Republic of South Africa, with the support of the National
Departments of Energy (DoE), Mineral Resources (DMR), Water and Sanitation (DWS), Science and
Technology (DST), and Agriculture, Forestry and Fisheries (DAFF); 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).

The poant of departure for the SEA is that South African Government, through Cabinet and various
other decisiommaking institutions, has made hitgvel public commitments to shale gas exploration.

If the exploration phase reveals economicalBble hydrocarbomeposits and geffow 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, needso be in a position to make the decisions relevant to that choice in a timely and

responsible manner.
Drawing from the National Development PI&@NDP), 2012 and the Constitution of South Africa

(Act 108 of 1996), the overarchildission Statemerfor exgdoration and production in South Africa

was developed at the first Project Executive Committee (PEC) meeting held in February 2015. Guided
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by the principles of saliency, legitimacy and credibllitthe mission iso provide an integrated
assessment andecisionmaking framework to enable South Africa to establish effective policy,

legislation and sustainability conditions under which development of shale gas could occur.

Note that the mission statement, developed in collaboration with governmenfigttR&EC meeting,
is phrased in the conditionalit does not presume that development will occur, since no modern

exploration has been undertaken.

1.1 A Phased Approach

The SEA was undertaken as three distinct but overlapping Plragese(i 1). Phase 1, beginning in

February 201%nd extending to around October 20d5a s t he O Pr epar ati on Phas
Phase included the necessary arrangements involvingactsmtand procurement arrangements,
recruitment, convening project governance structures, collating literature, Geographic Information
Systems (GIS) data libraries, identifying the maltihor expert teams, undertaking project team

training (e.g. in managg and responding to conflict situations), arranging logistics and compiling the

first draft of the Scenarios and Activitiéswhich later came to form Chapter 1 of the Phase 2

Scientific Assessment and provide the material basis of the Phase 2 assessment

Phase 2 of the SEA was the 6Scientific Assessmer
and assessed by the mudtithor expert team3$he Phase process included two peer review rounds,

initially by independent review experts appointed@§IR, and then (following revision to produce

the second draft) by stakeholders plus the experts who reviewed the first draft. Phase 2 commenced
with the first multiauthor expert workshop on 28 September 2015, and ended with the completed

final Scientific Assessment, published on 15 November 2016 and available at

http://seasgd.csir.co.za/scientiissessmerthapters/

! Legitimacy refers to running an unbiased process which corsidepropriate values, the concerns and perspectives of
different actors, and corresponds with political and procedural fairBaksncyis established by ensuring that the outcomes

of the assessment are of relevance to the public and deniskers andseeks to ddress quite specific questions.
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 exjteo&toinisy 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.
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Feb 2015 June 2015 Sep 2016 Feb 2017
> .
. Figure 101: Shows the
1.) Preparation Phase 3 overlapping phases
Admin., governance groups, author teams, of the SEA process
databases, library, Scenarios and Activities and how the Scientific
Chapter Assessment is used as
the evidence base
2.) Scientific Assessment

‘ ) from which to develop
Organise relevant information per Chapter,

investigate, assess and write-up, peer review, an appropriate
revise and communicate, review by experts and Decision Making
stakeholders, revise, publish | Framework.

3.) Decision Making Framework

Decision support outputs for
government

[ Engagement with govt., stakeholders, governance groups, media communication J

Phase 3 of the SEA,e. the contents of this report, translates therpaad stakeholder reviewed
Scientific Assessment into an operational Decidtaking Framework (DMF) foGovernmentThis

final phaseof the SEA will concludeend May2017 and will provide the framework for how site and

activity specific assessment proses should be undertaken and provide Government with the
necessary tools it needs to enable responsible decisi&ing into the future. This includes guidance

on regulations, decisiemaking protocols, monitoring requirements and institutional arrangesment

The separation between Phase 2 and Phase 3 is t«
Apolicy relevant, but not policy prescriptiveo.
decisions about the development of shaleigims is a responsibility mandated @vernment but

were asked to give an informed, evidehesed, scientificalfjgound and balanced opinion on the
consequenceand opportunitiesf different scenarios and development options into the future and the

best processes for future site specific assessments and mitigation actions. The ultimate decisions
regarding authorisation processes for shale gas, whether at a national, provincial or local level, will be
made by the authorities mandated to do so. In makiagethlecisions they will be guided by the
scientific evidence and decision support tools developed through the SEA process, and any other
relevant and trusted sources of information that may have become available between the completion
of the SEA and thertie at which government needs to make decisions or implement poltugh

may be years or decades into the fifture

2 Other such publicationshich were released at similar times as the Phase 2 Scientific Assesasiede the Academy of

Science South Africa (ASSAY) in collaboration with the South African Academy of Engineeringv@etober 2016

published a reentitle dSo6ut h Réadtaéss to Suppo  r(ASSAfIR@L6)araH yed rGausl ilcndust ry
Fracturing in the Karoo: Critical Legal and Environment al |
South African research institutions @2kewski & Esterhuyse, 2016)
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Karoo

1.2 Scope of the SEA

Study area of the scientific assessment
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Figure 182: The SEA considered activities origination n the 171 811 km? region of the study area delimited by the applications for ER lodged by Shell, Falcon and Bundu,
plus a 20 km extremity buffer. The assessment follows the consequence®f shale gas exploration and production activities in this region to t he point of material impact, even if
that is outside the study area 6 as may be the case of impacts on vectors such as air or water which are not spatially static.
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The geographic scope of the assessment was restricted to the potgakioriginating from shale

gas exploration and production within the Central Karbigure 1i 3). This is not only the most
promising gas prospect, but also the only region at the date of commencement of the SEA, for which
ER applications (specifically for shale gas) had been accepted by the Petroleum Agency South Africa
( A P AS #eé regulatory bog representing DMR). While thER applications were lodged with
PASA in 2011, they are still currently under consideration with no decision yet made on the
applications. Other types of unconventional gas reserves may exist in regions of the South African
onshore and offshore territory, and would need separate consideration if their development was

considered.

SCENARIOS AND ACTIVITIES

SEVENTEEN TOPICS ASSESSED IN THE SEA PROCESS

TLICTROMAGNITC
INTERSERENCE

SHALE GAS

DEVELOPMENT

Figure 183: All seventeen topics where assessed within a common methodological framework and common
point of departure as presented in the Scenarios and Activities document.

The scope of this SEA considered shale gas exploration, production and downstream related activities,
up to and including eventual closure of facilities and restoration of thes, €ind includ a risk
assessment of all the material social, economic and biophysical opportunitieressetjuences

associated with the shale gas industry across its entire lifecycle, as described in detail in the Scenarios
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and Activities. This tempotascope extends, in some instances up to 40 years into the future. The
scope of issues addressed in the SEA (Fidu® was informed by an tdepth review of similar
international assessments undertaken around the;leldevelopment of easualloop nodel toaid

in describing the Central Karoo as a dynamic systemteau relationships between social and
ecological variables and proposed shale gas developamhby engagement with stakeholdeyse(
Appendicesl and 13 and governance groups (see tiecl.3). Furthermore,he scope of the SEA

was vetted by thgovernance groupnd the stakeholders participating in the process.

1.3 Governance of the Process

South African Cabinet

Minister of Environment

Project Executive Committee
Client, government, partners, leaders, management
ey

| — Communications '

Management team
Manager: Greg Schreiner
Officer: Luanita vd Walt
Interns: Andile Dludla & Megan de Jager

Process Custodian Group

16+Chair from govt., business, NGOs,
research, constitutional bodies, other

Il
Issue Team 1 Issue Team n | Expert reviewers '
Integrating author Integrating author

Contributing Authors Contributing Authors stakehold
Corresponding authors Corresponding authors a ? older
reviewers

Figure 184: The project governance structure of the entire SEA process showing the interaction between the
two governance groups, the SEA partners, the celeaders and management team, the multi-authors teams, the
peer review experts and stakeholders.

1.3.1 Project Executive Committee

The PEC comprised represtatives of government who have been involved in all 3 phafstee
SEA since its inception and up to its completion in 2017. The composition of the PEC is provided in
Table %1 indicatingorganisational representation and delegate names
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Table 161:

PEC members who participated in the shale gas SEA process.

Representing

Member name

Other members

Simon Moganetsi, Surprise Zwane,
Marlanie Sargonum Moodley, Sabelg

DEA (Chair) Dee Fisher Malaza, Wilma LutschPatience
Sehlapelo

DWS Mkhevu Mnisi Bayanda Zenzile, Alice Mabasa

DMR Mosa Mabuza Nonthanthla Jali

DoE Muzi Mkhize Mmarena Mphabhlele, Stella Mamogal

DST Somila Xosa Mere Kgampe, Mmboneni Muofhe,
Nametshego Gumbi

DAFF Lydia Bosoga Mary-Jean Gabriel, Edwin Mametja,

Mpume Ntlokwana

Eastern Cape
Department of
Economic
Development,
Environmental Affairs
and Tourism

Alistair McMaster

Gerrie Pienaar

Western Cape
Department of
Environmental Affairs
and Development
Planning(DEA&DP)

Pau Hardcastle

Henri Fortuin

Northern Cape
Department of

Environment and Bryan Fischer Natalie Uys

Nature Conservation

Agrlcu!tural Research Garry Paterson

Council

SANBI Jeffrey Manuel Kristal Maze

cGS Henk Coetzee V.R.K. Vadapalli, Muvhu;o Musethshg
Thato Kgari

CSIR Bob Scholes and Paul Lochner (SEAleaders)

Secretariat Greg Schreiner (Project Manager), Luanita Snyvan der Walt (Project Officer)

Megan de Jager and Andile Dludla (Project Interns)

The key responsibilities of the PEC included the coordination and communication of information
through the SEA process, both within government and in stakeholder engagement; ensuring that the

project remained on scope, within timelines and budget; andtiaégic and policy questions were

adequately incorporated into the SEA process. Any feedback and questions raised G ilias

referred to the PEC for deliberation and are reflected in detailed project notes as contained in

Appendixla.
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Table 102: The PEC met at the following key junctures and for the following purposes
Date Meeting Venue Purpose of the meeting
12-13 1 Main auditorium Welcome and introductions; SEA approach; vision and
Feb DEA, Environment | objectives; governance; presentation on the report:
2015 House Corner Steve | Opportunities and risks of Shale Gas Extraction in the Wes
Biko & Cape(2012) (Paul Hardcastle); Presentation on the report:
Soutpansberg, Technical Evluation and Soci€economic Analysis of Shale
Arcadia, Pretoria Gas in the Eastern Cagdlistair McMaster); SEA strategic
i ssues or O6topics6; approa
project management and timelines; approach to media liais
and public engagement; procésdaunch the project in
Parliament; agreement on scope; approach and timelines.
22 July 2 Executive Boardroon| Confirm scope of the study; provide background to the SEA
2015 (A222), Building 3, process, summary of outcomes frtim Inception Workshop
CSIR Campus, (12-13 February 2015); confirm governance mandates; pro
Pretoria an update on the SEA management and process, and on tl
SANBI Bioblitz; and discuss the shale gas regulatory
environment with regards to changes and new developmer
22 3 Ulwazi Room, CSIR | Provide an update on SEA progress; provide and confirm §
October Knowledge scope of work in terms of the Zero Order Draft; provide
2015 Commons, Pretoria | overview of planned public outreach{8 November 2015)
Campus and confirm rolesind responsibilities for PEC members;
convey key points from thd2PCG Meeting; and clarify othe
issues raised including PEC mandate; commissioning of Sk
Process document, engagement between PEC and PCG.
04 May 4 Demo Room, Provide an update on SEA progress with regards to public
2016 Building 22, CSIR outreach programme; present the draft scenarios and activ
Pretoria Campus report; Present peer review process to be followed; convey
findings on the identified topics in the First Order Dsaf
(FODs)
13 June 5 Ulwazi Room, CSIR | Discuss the key issues of concern in the Second Order Drg
2016 Knowledge (SOD)Chapters of the Scientific Assessment prior to the
Commons, Pretoria | release of the SOD; engagement with the Summary for Po
Campus Makers; and provide feedback and plans for public outreac
26 6 Executive Boardroon| Provide an update on SEA progress with regards to the
Septemb (A222), Building 3, Scientific Assessment process and its key findings, and the
er 2016 CSIR Campus, public outreach programme; discuss BdF for Phase 3 of
Pretoria the SEA.
23 7 ECD Boardroom, Providean overview of the key Scientific Assessment findin
March Building 23, CSIR discuss the approach to strategic mitigation, limits of
2017 Campus, Pretoria acceptable change and the Minimum Information
Requirements, specifically
AAppraisal 0 i nt csed. This appreaghmlas
discussed with and approved by PASA.
17 May 8 Ulwazi Room, CSIR | Present draft Decision Support Tools Report to the PEC fo
2017 Knowledge comment. Final PEC meeting. Project closure.

Commons, Pretoria

Campus
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1.3.2 Process Custodian&roup

A key innovation, used specifically for the Scientific Assessment Phase, waE@d&he PCG was
designed to ensure that the Scientific Assessment was undertaken in an independent, thorough and

balanced manner.

The PCG comprised eminent people, drawn approximately equally from government, non
governmentalrganisations, the private sector and the research community. The PCG met at key
junctures during the Scientific Assessment to ensure that the process héerbeeh rigorous. The
PCGhad noinfluenceon the contentf the Scientific Assessment, batted as referees to ensure that

the Phase 2 process had been undertaken in a legitimate, transparent and credible manner.

The organisations from which the PCGmieers were sourced weidentified by the PEC as having
credibility in their O6sectorsé through having a
demonstrated interest in the topic of shale gas development. Members of theeREGt appoined

as Orepresentativesd of ,buhweie expestedgareflecstizetbreanth ofi n  a

opinion in their sectors.

The PCG was neither O&éappr ovdevelpgnennorrdidibhhiesaag pr ov i |
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 distinctioremained critical especially for the ngovernmental members of the PCG,

as they and their respective organisations did not necessarily agree with every outcome of the

Scientific Assessment.

The PCG provided feedback to the PEC, ensuring that the #cié&ssessment was followed within
the prescribed process as approved in the SEA Process Dotufieit specific mandate was to
evaluate the following five topics of the Scientific Assessment process:

1) Has the assessment process followed within the goétedf the SEA Process Document?

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

3) Does the assessment cover the material issues?

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

5) Have the review comments receiviedm expert and stakeholders been adequately addressed

and have the responses been adequately documented?

3 The SEA Process Documeavailableat http:/seasgd.csir.co.za/library/
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Table 163:

PGC members who participated in the shale gas SEA process

Organisational home of

Sector Member name Other members
member
International Association
Chair for Impacts Assessment Sean OO6Biern|-
South Africa
Department of Performancg I Nkhensani Golele, Mukond
Government o . Rudi Dicks -
Monitoring and Evaluation Masithi
Government South African Local Intelligent Chauke -
Government Agency
Government Economic Development Andrew Matjeke Khathutshelo Sikhitha
Department (EDD)
Surprise Zwane, Marlanie
Government DEA Dee Fischer Sargonum Moodley,
Patience Sehlapelo
Government / PetroSA Jessica Courtoreille Portia Manuel, Bongani
Business (withdrew from PCG) Sayidini
Business AgriSA Wayman Kritzinger Nic Opperman
BUSIness Onshore Petroleum Agency Peter Price Lizel Oberholzer/
South Africa Jane Blomkamp
Business Business Unity South Africg Marius Diemont Laurel Shipalana
NGO Treasure the Karoo Action Jeanie le Roux Jonathan Deal, Julius
Group Kleynhans
World Wide Fund For ; .
NGO Naturei South Africa Morne du Plessis i
South African Faith
NGO Communities Environment | Stefan Cramer -
Institute
NGO Project 90 by 2030 David Fig -
Research Water R es earch Shafick Adams Jo Burgess
Commission
Human Sciences Research . Temba Masilela, Selma
Research . Demetre Labadarios .
Council Karuaihe
. Adrian Tiplady (withdrew
Research (SSq;:)re Kilometre Array Selaelo Matlhane from PCG to become
assessment author)
Moct ar Douco
Research Nelson l\/.landela. . Barry Morkel de Wit (withdrew from
Metropolitan University
PCG)
Constitutional South African Human Janet Love Chantal KisoonAngela
Body Rights Commission Kariuki, Nada Kakaza
Project team SANBI Jeff Manuel Kristal Maze
. V.R.K. Vadapalli, Muvhuso
Project team CGS Henk Coetzee Musethsho, Thato Kgari
. B hol P
Project team CSIR ob Scholes and Paul -

Lochner (SEA cdeaders)

Project team

Secretariat

Greg Schreiner (Project
Manager), Luanita Snyman
Van der Walt (Project
Officer), Megan de Jager

and Andile Dludla (Project
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Sector Organisational home of Member name Other members
member
Interns)
Table 164: The PCG met at the following key junctures and for the following purposes
Date Meeting no. Venue Purpose of the meeting
22 July 1 Executive Introduction to the process and the process govern
2015 Boardroom (A222),| and mandates; project principles and principles
Building 3, CSIR engagementconfirmed project approach and scoj
Campus, Pretoria | mandate for the PCG; approach to the rraliihor
teams.
22 October 2 Ulwazi Room, Provide an outline of the SEA in terms of objectiv
2015 CSIR Knowledge | study area and governance; Provide update on Stat
Commons, Pretoria)l SEA project and progress; Discuss comments
Campus responses on Specialist/ Author Team composition

balance; Provide SEA Scope of Work in termstod
Zero Order Draft and Risk Assessment approg
Provide Public Outreach programme for Novem
2015; Discuss issues such as duration allocated
comment and review, feedback to PEC, and circula
of PCG comments prior to submission to Project Tes

3 May 2016 3 Demo Room, Provide an update on SEA progress with regard
Building 22, CSIR | Public Outreach feedback and programme, S of
Pretoria Campus | the Scenarios and Activities Chapter, and the K
Review Process to be followed for tR&©D; Provide
preliminary feedback oRODs

26 4 Executive Provide an update on SEA progress with regards tg
September Boardroom (A222),| Scientific Assessment process and its key findings,
2016 Building 3, CSIR the Public Outreach prograne; Address questions ¢

Campus, Pretoria | the process and other matters arising.

The final PCG meeting was undertaken on 26 September 2016. No objections to the Phase 2 process,

as outlined in the mandate of the PCG reveegistered before final publication of the Scientific
Assessment on 15 November 2016. This was confirmed in formal correspondence from the PCG
Chair (Sean 0ObBeirne) to the Project Manager (G
publication, thez have been no objections registered from any stakeholders regarding the integrity of

the stakeholder review process and engagement undertaken.
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2. SHALE GAS EXPLORATI® AND PRODUCTION

2.1 International Context

Around 2010, when international enthusiasm forlestyms peaked, oil prices were in the region of
$100 per barrel and horizontal drilling and gas extraction technologies were improving rapidly. The
shale gas revolution in the United Statefs America (USA)sparked worldwide interest in the
domestic develpment of shale gas to enhance economic beneficiation and sovereign energy security
(Zuckerman, 2013). The United States Energy Information Administregsued a series of reports
providing initial assessments of world shale gas resources which proroptddcbnsideration of

shale gas resources in numerous countries with potentially viable shale gas reserves (US EIA, 2013)

Experience elsewhere in the world with shale gas exploration and production has revealed some of the
potential negative environmemhtanpacts. For instance, there is credible evidence of leakage of gas
from deep sources into surface aquifers following hydraulic fracturing (Brantley et al., 2014; Jackson
et al., 2013; Kargbo et al., 2010; Myers, 2012; Osborn et al., 2011), generdiytatt to inadequate
sealing of the borehole in its upper sections; accidental and operational leakage of methane to the
atmosphere during the extraction and transport; and that use of natural gas significantly reduces the
climate change benefits of ugigas as an energy source rather than coal (Allen et al.,2013; Howarth

et al., 2011; Klausmann et al., 2011; Tollefson, 2012).

The surface disturbance from wellfield development such roads, traffic, drill pads, waste fluid holding
lagoons and treatmentorks, gas storage and other transport infrastructure (such as pipelines)
associated with a productiatale gasfield is not negligible (Drohan et al., 2012); neither are the
sensory impacts in what are often previously-mwtustrial environments and thaintended social

impacts of attracting nelocal workers into formerly rural communities (U.S Department of Energy,

2009)it he 6Boomtownd phenomenon. As a result, i nt e
risk averse and cautious approach to sgake development with a number of countries undertaking

large assessment processes and continuing to advance the research baseline prior to significant

production of shale gas.

The USA has largely led the shale gas energy revolution. As a case stoffgrét policymakers in
countries thinking about shale gas exploration, or production at significant scale, an insight into the
consequenceand opportunities associated with the impacts typical of the developmetydite In

the USA, policy and reguladn of shale gas extraction occurs at a federal, state and local level of
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government. Historic allocations of authority and the number of large exemptions made by federal
government to states have prompted the latter to assume the role of active regtishals gas
development, and thereby hold majority of the responsibility for shale gas governance risks. The
regulation of oil and gas operations by local governments is prohibited in some states.

The statespecific regulation ofshale gas exploratioand production has resulted in disparities
between the different states in the regulatory requirements for hydraulic fracturing operators
(Boersma and Johnson, 2012). For instance, North Dakota is seemingly unconcerned about the
environmental consequence®f hydraulic fracturing which is evident from the environmental
concessions granted in favour of the oil and gas industry with the purpose of promoting resource
recovery, while states such as New York, Colorado and Pennsylvania have heightened regulatory
requirements in place, such as the provision of site specific environmental information and full

disclosure of hydraulic fracturing fluid composition prior to application approval (Ash, 2011).

In states such as Texas, a fragmented administrative struetists whereby multiple commissions

and authorities hold jurisdiction over resource regulation for minerals, water, land and air. In some
cases a single resource is governed by a number of authorities. Despite overlapping jurisdiction over
certain resowres by a number of authorities, other important resources such as groundwater for
drilling operations are devoid of a regulatory authority (Rahm, 2011). Similarly, the state regulation of
shale gas extraction seems to be conducted in an isolated manmegulkasory islands, which
counteracts the protective intention of the three tiered government structure of regulatory

requirements (Centner and Kostandini, 2014).

The general consensus is that shale gas development WSthéas outpaced both researatda
legislation (Souther et al. 2014; Robbins, 2013), leaving industry to spearhead the process of shale gas
extraction and market developments (Boersma and Johnson, 2012, Wiseman, 2014). Despite no state
in the USA having collected baseline data at ea@uystof the shale gas extraction process)8#e
Environmental Protection Agency (EPA), the most active governance institution at a federal level,
have conducted a number of studies, after the fact; typically being initiated in response to public
concerns egarding waterand air quality and contamination thereof (Rahm, 2011; Wiseman, 2009,
2014). Such public concern has also prompted pafiaikers across tHdSA to adopt or update their

regulation policies for the shale gas industry (Blohm et al. 2012).

The importance of baseline data, with particular reference to water quality, lies in the identification of

pre-existing contamination, as well as that of the responsible party (or parties) should contamination
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occur; and avoids lengthy litigation procedusghich may arise as a result (Adair et al. 2012;
Stephens, 2015). Gathering scientific knowledge in areas earmarked for shale gas extraction prior to
any development is preferential, as experience itJt&has shown this task to become complicated

by privae landowner rights once development activities are underway, where private landowners own
the mineral rights and therefore stand to benefit financially from utilisation of their land (Adair et al.
2012).

As more states begin to realise the necessity for baseline data, mandatdmlipgewell testing
programs are being implemented, as well as vol
presumptive liability is being enforced on drilling operatarprovide an incentive to conduct water

guality tests within the area of presumptive liability prior to commencing drilling activities (Adair et

al. 2012). An overarching lesson that can be learnt from the regulation of shale gas development
practises irthe USA, is that proactive regulations are regq
the first ti meo,; as opposed to reactive regul a

unacceptable and costly events such as spills (Ash, 2011).

Table281: A summary of shale gas exploration and production progress in countries around the world other
than the USAand South Africa (after ASSAf, 2016)

Summary of shale gas exploration and productioractivities and policy regulations

Countr . .
y in selected countries

European Union ERs should be the same across Europe, however the application of the dirg
(EV) established by the EU remains the responsibility of the Member States. The dir
include aspes related to water (drinking and groundwater, and dangerous substar
water); air quality and noise pollution; ecological habitats and wild birds, all of w
form part of the planning and regulation of shale gas development. The debate 0
gasin the EU is influenced by environmental issues and differs between the Mg
St at es, depending on each Statebs o
security requirements.

United Kingdom Natural gas already occupies a third of the UK energy mix, with the techn
(UK) recoverable resources for shale gas estimated to be 26 tcf. Shale gas explora
production are supported by the UK government due to its contribution to greater
security, increased employment opportunities, tax revenue and overall economic g
The relatively long standing practise of hydraulic fracturing in the UK has been absg
any negative environmental impact, and is reported to be effectively managadtt
the implementation of operational best practices and strict regulatory enforc
thereof. This is achieved by means of baseline monitoring and the public aware
scientific knowledge, which is supported by national agencies and industry. Th
government provide financial benefits to all stakeholders through incentives offe
communities hosting energy sites.

Poland The estimated technically recoverable resource for shale gas in Poland is uncerte
resource assessments varying bewe8 tcfi 1 48 t cf . Due to P
on indigenous coal and gas i mports f

mix by means of shale gas production is a high political priority. In spite of
governments favourable stance shale gas exploration and production, its ac
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Country

Summary of shale gas exploration and productioractivities and policy regulations
in selected countries

support for scientific research, and the strong public support for shale gas develd
which involves regular dialogue and debates with stakeholders; the shale gas i
appears to have reached a stade&e. This is due to a lack of appropriate regulations,

and framework required for the development of shale gas; coupled with burea
indecision and unattractive investment opportunities. In 2015 Poland plann
introduce another regulation fehale gas designed to attract and accelerate investm

Germany

Despite the longstanding and successful development of oil and gas in Germany
the countryds energy resources are i
produced domefally, mainly as coal. Germany plans to shut down all nuclear p
plants by 2022, which will leave an energy gap to which natural gas could cont
There are, however, several citizen initiatives and environmental organisatid
opposition to sHa gas, as well as other forms of energy production inclu
geothermal and wind energy, despite the government supporting the use of ren
energy. The federal government has no clear policy on shale gas, and is prep
continue to rely on importeoil and gas to supplement its current energy mix. A re
by the German Federal Institute for Geosciences and Natural Resources stated
extraction of shale gas is safe provided that best practices are implemen
monitoring programme for a ale gas test well is envisaged which will investigate
impacts on the environment.

France

France has extensive shale gas resources, particularly shaleplaité with estimate
technical recoverable resources around 137 tcf. However, the extifctabithe
resources is unknown. The future for shale gas exploration and production in Fr
uncertain. Following civil interest a ban of exploration and production of hydroca
by hydraulic fracturing in 2011 by means of political lobbying; whilemerous pro
shale reports have been issued and debates continue as to the benefits of sk
Coincident with the ban on shale gas activity, which resulted due to environn
concerns, was the cancellation of already granted exploration permits.

Canada

Canada has an estimated 4 995 tcf total shale gas resources, of whisho3#3 is
economically recoverable under current conditions. Consequently, Canada is the
major producer of commercially viable natural gas from shale formations wdhé,
with shale gas accounting for 15% of
The public have expressed considerable concern regarding the negative imp
hydraulic fracturing on the environment, human health and seismicity. The reico
viability of projects has also come into question, particularly if the environmental
are outweighed by the economic benefits. The development and applicati
regulations are informed by scierbased environmental monitoring programmes,
transparency and credibility of which are essential for building public confidence
and social acceptance with regards to shale gas.

Australia

Despite the 396 tcf recoverable shale gas resources in Australia, commercial pro
is currently limied, mainly due to the limited economic viability of the resources.
relatively high costs of the exploitation techniques required and the abser
infrastructure and limited water availability at remotely located production site
contributing facd r s . The transformation of Aus
of coalseam gas coupled with the migration of mining activities closer to more de
populated areas over recent years had already triggered public scepticism over t
of hydraulic fracturing, particularly the contamination of groundwater and the drawc
of aquifers. In Australia, shale gas production could be effectively managed a
impacts minimised provided that research of the Australian receiving environme
conduced in terms of the geological setting and related landscapes, water resour
ecosystems, and how they can be monitored. An important consideration
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Summary of shale gas exploration and productioractivities and policy regulations

n ; ;
Clainigy in selected countries

Australian context is that sustainability principles are applicable to both Ila
unpopulated ad highly populated areas.

China China has the largest known shale gas resources in the world, estimated at 1
Despite this vast shale gas potential, the development of these resources has
difficult due to the more complex geology amtteper shale targets compared
traditional USA shale plays. Furthermore, these more challenging geological con
are not yet fully conducive to effective well spacing existing stimulation strategies
Chinese government have produced a five gbate gas exploration and production p
which provides incentives for shale gas production, such as subsidies, financial

waivers and defined standards for the shale gas industry. Regulation sta
EnvironmentallmpactAssessment (EIAls mand#ory and must be filed with nation
and local regulators, and approval must be granted prior to application. In or
advance and i mprove Chinabds shale ga
assets and technologyhowever technological diffulties remain even after th
introduction of a dedicated Shale Gas Industrial Policy in 2013. Resultantly, the ¢
producing shale gas is double that o
infrastructure and water and competition for tatter has further constrained progre|
while substantial effort will also be required to overcome regulatory hurdles inclug
flawed policy regime and divided administrative responsibility for the shale gas ind

According to ASSAf (2016), Sah Africa has the following key learning experiences to draw from
the international context:

1 South Africa must learn from and build upon the shale gas experiencesUsd-urope,

Asia and Australia, fully utilising the wealth of published evidence enadailable by
eminent scientific bodies and advance its own scientific research;

1 An adaptive management approach should be adopted with the understanding that shale gas
potential is not realised overnight and in South Africa a significantly long lepdriad can
be expected before production at any scale commences;

T There wildl be anbyédbemgat dofi "d eaxpiagati on,
planned and managed, should not result in disproportionally high risks to the Central Karoo
environmats and people; and

1 Learning from both Poland and China demonstrates that managing public expectations is
critical to developing a rational and robust national discourse on shale gas exploration and
production and that in other countries in t8d, negatie and alarmist media coverage has

stalled exploration for a protracted period.

2.2 Energy Planning in South Africa

The South African energy system is currently based mainly on domestic coal complemented by

imported oil and petroleum fuels. Smaller contribng from biomass/waste, natural gas, nuclear and

Page26



Strategic Environmental Assessment for Shale Gas Development in the Central Karoo
Phase 3: Decision Support Tools Report

imported hydrep o we r make up the remainder of South Afr
years, renewable energy mostly from solar and wind has been introduced. The largest energy supply
subsector inSouth Africa is electrical power, about 90% of which is generated imyrigcoal

I ncluding more natural gas in South Africads e
resilient, efficient, cheaper and reliable. Natural gas, regardless of itesbas a desirable set of

gualities 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 professionally
operated gas infrastructure iis place; is supported by a growing international market; is a more
homogenous fuel than coal (thus more flexible and easier to handle); is lesgeDive when burnt

than coal (if leakage during production and transport is minimised); can be moiendffiased for

power generation (more kWh per GJ); has high operational flexibility; and has amsermbst

structure that is capitadight and fuelintensive, making it economiculflexible.

Because of its high operational flexibility, shale gasld enable the integration of more renewables
into the energy mix and reduce the portfolio costs of power generation. The use of relativedgtiow
shale gas would enable the creation of a network ofigas power stations located in the Central
Karoo These power stations have attributes complementary to solar photovoltaic (PV) 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 éadglsefuture. As such, shale gas
finds would not change the selected planning scenario for the electricity sector, which already calls

for more natural gas and renewables, but would likely make this mix cheepeleaner

This is recognised in thdDP 2030, which was compiled by the National Planning Commission who
was appointed by the President in 2010. WB¥° does not reflect the views of any one department or
office - it is a plan for South Africa that provides a broad strategic framework to geidehoices

and actions. The plan, published in 2012, is composed of 15 chapters with 119 implementable actions
to promote sustainable growth and development in South Africa. Specifically, related to shale gas
Chapter 4, atdns 16 and 17 state

16. Enable exploratory drilling to identify economically recoverable coal seam and shale gas
reserves, while environmental investigations will continue to ascertain whether sustainable
exploitation of these resources is possible. If gas reserves are proven armhewvrital concerns
alleviated, then development of these resources antbgamswver projects should be fasacked.

Page27



Strategic Environmental Assessment for Shale Gas Development in the Central Karoo

Phase 3: Decision Support Tools Report

17. Incorporate a greater share of gas in the energy mix, both through impditingfied Natural
Gas (NG) 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.

From the higHevel NDP, the Integrated Energy Plan (IEP) is the plan that links the differerfyen
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 whpoovides a long term roadmap for the

strateg

i C

devel opment of

natur al

gas demand and

mix. Additional energy planning policy and legislation as it relates to shale gas development is
discussedh Section2.6.5

DoE is at present finalising a GUMP for South Africa, which will analyse potential and opportunity

for the

Currently, natural gas plays a very smalltpar o f

devel opment of South
South

Afri
Afri

caobds

cabs

g

as econo

current

will form a critical part of diversifying the energy mix by outlining the possible future paths for

natural gas market development, including the p@ktat utilise shale gas
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Figure 201: 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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2.3 Petroleum Gedogy in the Karoo Basin

2.3.1 Geological features

The main Karoo Basin is filled with sedimentary formations of the Karoo Supergroup, and covers an
area of approximately 700 000 kmepresenting more than half the surface of South Africa. Within

the study area~87% of the surface area comprises intercalated arenaceous and argillaceous strata of
the Beaufort GroupFigure 23 and Figure 21). From a flatlying morphology in its northern part, the

basin deepens and the sedimentary succession thickens towasdsthiweest, up to its interface with

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

Simplified Geology (WR90)
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Figure 262: 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 CFB; section line SN through the study area marks the schematic profile in Figure 2-3.

The sedimentary formations are subdivided into groups that reflect variations in depositional
environment, rock type, position in the geological record and age. At the base of the sucaadsion, a

therefore the oldest, is the glacial deposit of the Dwyka Group. This is overlain in turn by mamly fine
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grainedsediments of the Ecca Group and, with the inclusion of subordinate sandstone, the Beaufort
Group (see Figurg-2). The Ecca and Beaufort gnos are themselves subdivided into formations on
similar grounds that define the groups. Of direct relevance to this study area are theichrbloales

of the Prince Albert, Whitehiland Collingham formations at the base of the Ecca Group. The
Whitehill Formation is black in colour, relatively rich in organic carbon and is around 40 m thick
through the extent of the study area. The Whitehill Formation represents an attractive shale gas
exploration target. For various technical reasons, the Prince AdbdrCollingham Formations are

considered less favourable targets for shale gas.
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Figure 203: Schematic geological profile across the study area along the SN section line in Figure 2-3,

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. The Prince Albert,
Collingham and Whitehill formations of the Ecca Group include carbon-rich shales ranging in depth below surface

from about 300 m to ov er 3 000 m.

The Prince Albert, Collingham and Whitehill Faation shales have been severely affected by intense
thermal maturation associated with deep burial,GR8 folding processes and, in a large portion of

the northern part of the study area,ihyusion of igneous dolerite as shown in Figré as red sl

and dykes penetrating the Beaufort and Ecca Groups. The dolerite structures represent the main

targets for groundwater exploration. Dykes in particular are the feature most contargekgd by
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landowners for successful water borehole siting, whereas ptominent sill complexes are typically
targeted for largescale municipal water supply to towns such as at Victoria West.
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Figure 264: Distribution of dolerite dykes and sills in the main Karoo Basin

One of the overriding factors used in defining the potential reserves the shale gas has been the
perceived negative effect on gas retention of dolerite sills and dykes, especially in the Whitehill
Formation. These effects are additional to the loss of gfzethat will have occurred along faults
during periods of rebound and decompression associated wi@FBstructures. An effect of these

factors has been to severely reduce the cgpafthe shales to generate gas.

2.3.1.1 A History of Petroleum Exploration

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 Basim between 1965 and 1972 a total of
some 13 000 km of data was acquired. 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 encdared in most of the 12 wells drilled in the southern part of the Karoo

Basin.
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In 1976 a comprehensive study was initiated by the

Council for Geoscience to investigate the-shible

potential of the Whitehill Formation on the weste
flank of the Karoo Basin. Sixteen cored boreholes w
drilled
Hertzogville. The study was subsequently extended

in

include all available borehole logs and cores over the

whole extent of the Whitehill Formation, with the log
of 48 borehole and petroleum exploration wells th
intersected the Whitehill Formation havingeen

considered. It is these data that form the basis of
majority of shale gas resource estimates for the Ka

Basin that have been made to date. In 2006P&k8A

focused on locating and assembling the geological angl,grocarbon stored in a reservoir prior

geophysical data relating to ttewuthern part of the

mainKaroo Basin

2.3.2 Shale gas reserve models

The shale gas reserve model developed the Scient

Assessment was based on a consolidated review
previous resource assessments undertaken by:

1) Kuustraa et al. (2011);

2) Kuustraa et al. (2@8);

3) Decker and Marot (2012);
4) Cole (2014b);

5) Geel etal. (2015); and

6) Mowzer and Adams 2015).

The different approaches adopted for the respectiveesources depends on three factors: the cc

reserve assessments made direct comparison of
results difficult. However, to the extent that this
possible, there is reasonable agreement between
t hat mu Gds int

Iy

resul i n

Pl

t s,

aced and o6Technical

the area between Strydenburg and

Box1 TechnicallyRecoverable Resources
N Versus Economically Recoverable Rsources
e

Gas Initially in Place
Unrisked - not all plays proven

Technically Recoverable Gas
to Unrisked

Risked Technically
Recoverable Gas

<
S % ‘
% Discounted
O Recoverable
at % Gas (Risked)
Economically

Recoverable
Volumes

the

00

Source: Shell (adapted)
Gas in Place Unriskeds the total volume of

production excluding factors determinin
extraction such as existing technology.

(Unrisked and Risked) Technically
Recoverable Gas resources represent thi
volumes of oil and natural gas that could t
. produced with current technology, regardle:
'flﬁ‘ oil and ratural gas prices and productior
obsts.A large number of direct sufurface
measurements (depth, mineralogy, to
organic content, thermal maturity, etc
gathered by current drilling technology nee
to be undertaken to quantitatively calcula
technicaly recoverable gareserves

Economically RecoverableGas resources
are those that can be profitably produce
under current market conditions. Th
economic recoverability of oil and gal
tﬁgdrilling and complehg wells, the amounti
of oil or natural gas produced from al
S average well over its lifetime, and the price
tfReeived for oiland gas production

Ih e

Recover abl

same range of s

ed reser

are presented. Accounting for the study area, where

the
T

depth to the top of the Whitehill Formation is at least
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1500 m, a reserve estimate can be made for this formation, ranging betwedradd 81 tcf of

Technically Recoverable gas. To this volume of gas can be added what might be contained within the

underlying Prince Albert Formation for the same area, which could range between 54 tcf and 72 tcf of

Technically Recoverable gas. Thus, fottbformations within the study area, where the depth to the

top of the Whitehill Formation exceed$@0 m, the total Technically Recoverable shale gas reserve

could range between 71 and 153 tcf. Applying roughly a 10% recovery factor to estimate

Economially Recoverable volumes of shale gas in the study means that the Small Gas and Big Gas

scenarios considered for the SEA were 5 and 20 tcf, respettiValy area most likely to be targeted,

certainly initially for exploration, might include the centraidaeastern/norteastern parts of the

study area within areas of high (red) and medium (beige) prospectivity. The reserve models used to

develop Figure2-5 are basean historical data collected through the SOEKOR historical exploration

campaigns. As suchlihey are merely indicative of how shale gas may be distributed through the

Central Karoo. Modern exploration practices are the only ways of determining to any greater detail

the magnitude and distribution of thasgreserves
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Figure 205: Shale gas prospectivity map for the study area generated by overlaying four existing reserve

models. 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 (Burns et al., 2016).
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To put into context the significance of Economically Recoverable shale gas assumed for the scenarios,
reference can be made to recent discoveries of conventional gas in Mozambique aardaTanz
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 thil@rgest proved natural gas reserve holder in Africa, after Nigeria and
Algeria. There have been several major ratgas discoveries made in offshore southern Tanzania
since 2010. The country has proven reserves totalling about 50 tcf of gas. The volumes of
Economically Recoverable shale gas assumed are considerably lower than that of the proven reserves

of conventimal gas in Mozambique and Tanzania.

2.4 SEA Scenarios

Based on the Economically Recoverable reserve estimates, four scenarios were developed. Scenarios
provide plausible and relevant stories about how the future could unfold. They originate on the
assumptionthat the future is fundamentally unpredictable, but acknowledge that complexity and
uncertainty can be reduced to within logical parameters. Scenarios provide the qualitative and
guantitative information from which assessments can be made about futuieactvhich cross

spatial and temporal range (see Burns et al., 2016 for full description of the scenarios and activities).

The scenarios developed in the shale gas assessment followed an incremental approach which had two
main stages: 1.) Identifyinché major concerns; and 2.) Determining the major uncertainties. The
major concerns related to the nominal risk associated with increasing shale gas development activities
in the sensitive receiving environment of the Central Karoo and the major uncertdaéyg to the

volumes of Economically Recoveralgas reserves (Figuie6).

Three 06devel o pHErdonatio®d ASalkGaa and Big Ga®) were generated with a
Reference Casehere no shale gas development occurs but regional trends in the region continue on
observed trajectories (Tabl2-2). A reference scenario is usually a plausible and relatively
nonthreatening scenario, featuring no surprising changes to the currennemvitcand continued
stable growth. All the development scenarios are cumulative in the sense that they would

hypothetically occur with, and in addition, to the preceding scenarios (Flgi)re

Page34



Strategic Environmental Assessment for Shale Gas Development in the Central Karoo
Phase 3: Decision Support Tools Report

\
‘ High
»
-
n
=
—
O
£
=
@)
p 4
Reference case
Low
2018 2025 2035 2055
Figure 206: The four incremental scenarios. Note that the scenarios are cumulative: Exploration Only includes

the Reference Case; Small Gas includes Exploration Only and the Reference Case; and Big Gas includes all three of
the preceding scenarios. Thus they extendfrom 2018 to beyond 2055.

The scenarides i gvevhileé dhedscanario team led the process, multiple content
generation points were sourced. This was undertaken through a collaborative process of expert
engagement workshops consisting of moemtB0 experts from the oil and gas industry, petroleum
geologists, engineers, energy planners; and natural and social scientists. Qualitative information was
presented as narrative descriptions of future developments in the form of storylines and images.
Quantitativeinformation expanded on numerical estimates of future developments and was presented

as tables, graphs and maps (see T2{2e

Table232: A summary of the activity metrics described in the three shale gas exploration and production

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 (DO MW] - 1 -
Combined cycle gas turbine (IDOMW] - - 2
Gasto-liquid plant [65000 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 (h 75 199 998
Percentage spatial coverage of study ar¢ < 0.0001 0.0002 0.0009
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Central Karoo

Unit Exploration Only Small Gas Big Gas
Total number of truck visits 45000 365 000 2177 000
Industry water needs (n "488 250 "9212 625 " 65 524 500
[assuming no reise of fluids]
Industry water needs (infassuming re . "
use of 50% drill fluid + 30% frack fluid] 319110 6056160 43 087235
Flowback waste () *101400 5573 900 40 356 400
[sludge + brine + water]
Other hazardous waste (t) e.g. oil, greas "85 7635 74185

For five exploration drilling campaigns, each with six exploration wells = totale33 over lifetime of

Exploration Only

For 55 wellpads, each with 10 wells, total 550 wells over lifetime of a Small Gas

Hkk

For 410 wellpads, each with 10 wells, total@D wells over lifetime of a Big Gas

Note: gas production pipelines assumebédocated within the road reserves

The purpose of the scenarios and activity metrics was to describe the scale and type of activities
assumed for the three shale gas exploration and production scenarios of increasing magnitude. The
scenarios served as a common point of departure for thes topmprising the assessment which

estimate, for the issues on which they focus, the levels of risk associated with each of the scenarios

and their main defining activities.

Figure 207:

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. Each wellpad in 1-2 ha in size

and during production is supported by a range of infrastructure su ch as roads, pipelines, water treatment

facilities, gas compressors stations. For the Small Gas scenario, 55 of these wellpads are considered. For the Big

Gas scenario 410 wellpads are required to extract 20 tcf over the lifespan of wellfield production.
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2.5 South African Exploration in Context

2.5.1 Background

In 2010 the DMR received fivER applicationsOne application was submitted by Falcon, three by

Shell and oneby Bundu (Figure2-8). Collectively, the scope of the ER applications include

explorationcampaigns involving seismic surveys, thidling of vertical boreholes to depths ofi B

km, and horizontal drilling to around 2 km in length with test hydraulic fracturing (Golder Associates,

2011, 2015; SRK, 2015).
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Figure 208: The location and extent of the ERapplications made by Shell, Bundu and Falcon in the Central

Karoo. The Exploration Rights application areas cover 124 760 krhand affect 26 local municipalities in the
Western, Northern and Easern Cape Provinces of South Africa.

Bundu submitted the first application for BR in May 2010, with Falcon Oil and Gas following suit

a few months later in August.

Shell decided to submit three applicatiol®Rin December of

2010, after poor progssion in terms of their Technical Coordination Permits. The Environmental

Management Plan Reports (EMPR) required in terms of section 39 of the Mineral and Petroleum

Resources Act were compiled shortly theandafter,
Associates) submitted in October of 2010, Fal co|
2011, and Shell s EMPRs (compiled by Golder and
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In April 2011, the South African Cabinet imposed a moratoriunalbwlecisions related to the ER
applications to provide an opportunity to establish the necessary regulatory framework, as well as
conduct a preliminary assessment. Following the publication of the preliminary assessment
undertaken by an intgjovernmentatask team led by DMR, the moratorium was lifted in November
2013, with the recommendation to fAauthorise hyd
frameworko (DMR, 2012: 8).

In 2014, restrictions promulgated by the Minister of Mineral Ressuresulted in a two year hiatus

on the granting of new applications. The inclusion of a requirement for existing applications to
consider regulations that had not yet been promulgated (a version of which had been published for
comment in October of 201&ffectively suspended the five applications accepted prior to the 1st of
February 2011.

The technical regulations for petroleum exploration and exploitation were subsequently promulgated

on the 3rd of June 2015 (Athe technical regul s
continue with the requisite process. These regulations kisme been legally contested by the

Treasure the Karoo Action Group, who submitted the related documentation to the North Gauteng

High Court in November of 2015.

After the ensuing hiatus caused by the 2011 moratoriumDMRB requested applicants to dgte

their EMPRs in November of 2014 in preparation of recommencing the processing of existing
applications. Both Bundu Gas and Falcon Gas and Oil reviewed their EMPRs and submitted the
updated EMPR at the end of February 2015. Shell engaged in an itioristzaring process in terms

of Section 39(5) of the MPRDA. Th®MR has not yet decided on any of the existiBR
applications, and no applications for Environmental Authorisatief) in terms of theNational
Environmental Management AGYIEMA) (Act 107 of 1998have been submitted to date.
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TIMELINE:
Onshore Shale Gas

Decision frameworks
from SEA

SEA used to establish a deci-
sion framework and policies

Review of Phase Il

Phase 2 to be completed by
Oct 2016, with the SEA as the
output. Expert and public

Shell Reviewed EMPRs review
Shell circulates reviewed up-
dated EMPRs for its three ex-
ploration right precincts, Sub- NWA Declared controlled

mittal to PASA expected in activity

End of restriction

The restriction imposed in 2014
comes to an end

Review Zero-Order Draft

March Minister of Water Affairs . Phase 1 complete and Ze-
declares hydraulic fracturing Regulations promulgated ro-Order Draft circulated for
as a controlled activity in terms g z comment

Minister of Mineral Resources
ofiSo= (1} CA A omulgates regulations for
Reviewed EMPRs 5 9 SEA commissioned

hydravlic fracturing

Bundu and Falcon submit their
reviewed updated EMPRs to
PASA (Feb)

Strategic Environmental Assess-
ment of onshore Shale Gas
Development commissioned

Imposed restrictions

Minister of Mineral Resources
imposes 2 year restriction on
new applications in Karoo

) Proposed regulations
Basin

Minister of Mineral Resources
proposes amended regula-
tions for hydraulic fracturing

NWA Controlled activity

Minister of Water Affairs pro-
poses hydraulic fracturing as
a confrolled activity in terms
of NWA

Proposed restrictions

Minister of Mineral Resources
proposes restriction on new
applications in Karoo Basin

Report approved

Cabinet approves the report
and lifts moratorium pending
the augmentation of MPRDA
regulations

Report published

Report commissioned by
Cabinet on hydraulic fractur-
ing published

> 2012 > 2013 > 2014 D 2015 > 2016 > 2017 2

Moratorium

Cabinet imposes moratorium
Shell Exploration Rights on all applications involving
(x3) hydraulic fracturing

(2010 > 2011

Exploration Right applied for,
EMPR submitted in Apr 2011

Falcon Exploration Right

Exploration Right applied for,
EMPR submitted in Jan 2011

Bundu Exploration Right

Exploration Right applied for,
EMPR submitted in Oct 2010

Figure 209: Exploration Rights application process, key policy and regulatory decisions intersection with SEA
process steps (mage courtesy of John Wilson from DEA&DP)
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252 Shell 6s Exploration Programme

Shell 6s exploration program would entail three ©b

1. Gathering geophysical data. This data acquisition process is largeintngive and does
not involve drilling or signifiant excavation. The process will take place largely on existing
roads.

2. Drilling of vertical exploration wells of between0D0 m and 5 000 m deep to identify the
shale layer. Horizontal boreholes may be drilled from the base of a vertical hole extending up
to 2 km in length into the shale layer. During this stage of exploration, geological samples
from the target shale formations would be subject to a variety of tests to confirm whether
unconventional gas exists within the shale formation. If the shale dapeot be found or no
hydrocarbons are detected, fewer wells may be drilled.

3. Gas stimulation (hydraulic fracturing and testing) which would only take place should
exploration drilling, logging and coring, indicate that intercepted shale layers contin ga

and/or liquid hydrocarbon.

Based onthese tests, if the exploration proves unsuccessful, the gas exploration wells will be
decommissioned. Figu210bel ow show Apotential Areas of I nter
their initial exploration driling efforts. These areas were selected considering resource prospectivity

and also overlaying a range of surface and subsurface GIS layers such as landscape features,
proximity to existing infrastructure and people, water resources and other social dogicato

sensitivity considerations (Golder Associates, 2013). The potential Areas of Interest are not the areas
where Shell will exclusively locate their exploration activitieshese areas merely indicate the

locations that companies will target theiitial activities, based on current information. As new

information as gathered, these Areas of Interest will be revised.
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merely indicate the locations that companies will target their initial activities, based on current information. As
new information as gathered, these Areas of Interest will be revised.

253 Bundubds

Expl oration

Progr amme

Bundu will focus their exploration activities specifically on seismic data analysis, geological

investigations, hydrocensus and core drilling activities. The Bundu exploration programme includes

drilling of up to 3 exploration boreholes with a drill pad agproximately half a hectare in size,

including lay down areas for casing. The location of the possible core holes is not yet known (Golder,

2015).
254 Fal conb6s Exploration Programme
Falconds exploration campai gn wlydnlanalfsi ofedstngn s e

(historical) seismic and well information and from studying published field data. Falcon has identified

preliminary corridors for the seismic surveys. The preliminary seismic survey lines were compiled to

follow, as far as posdi, existing roads, railway lines and other linear routes identified through a

desktop assessment of aerial photographs and topocadastrgFgaps 211) (SRK, 2015).
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2.6 Overarching Regulatory Framework

2.6.1 The Constitution and Integrated Governance

In Section 24 (b) (iii), the Constitution provides that everyone has the right to an environment that is

not harmful to their health or weltleing; and to have the environment protected, for the benefit of

S

present and future generations, through reasonable legislative and other measures that secure

ecologically sustainable development and use of natural resources while promoting justifiable

eoonomic and social development.

Chapter 3 of the NEMA requires -aperative governance, which would be important if shale gas

exploration and production is to be managed effectively between different spheres of government. In

t his

(g) Exercise their powers and perform their functions in a manner which does not encroach on the

regar d:ovieAln mesnpth earneds aolfl

gorgansi of state

geographical, functional or institutional integrity of government in another sphere.
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Thereiscas | aw precedence to illustrate that t he n
mi ning does not supersede | ocal government 6s fu
2016).

2.6.2 The MPRDA and Technical Regulations

The MPRDA is the primary ledetive enactment regulating minerals and petroleum resources and
their exploitation. The Act grants custodianship of all such resources to the State, whose obligations,
among others, are to ensure equitable access to these resources and to expandiepgorttime
historically disadvantaged people to enter the sectors and to benefit from resource exploitation. The
Act is required to give effect to the environmental right, as contained within Section 24 of the
Constitution (Esterhuyse et al., 2014)

Shak gas exploration and production activities are regulated by Chapter 6 of the MPRDA. Thus, any
person wishing to engage in such activities will need to obtakfRafollowed by a Production Right,
in order to extract shale gas. In additionExand Envionmental Management Program(&MPr)

are required before any such activities can commence (Esterhuyse et al., 2014).

The technical regulations drafted under the MPRDA are the central legislation governing the
extraction and development of shale gas resu They were published for comment in October
2013 and subsequently promulgated on the 3rd of June 2015, enabling the three existing Eftale gas
applicants to continue with the requisite process. The regulations have since been legally contested by
the Treasure the Karoo Action Group, who submitted the related documentation to the North Gauteng
High Court in November of 2015.

The technical regulations indicate that the central institution to oversee the regulations -eatlfedso
6desi gnat whith imaireently thed PASA. The technical regulations are braaging and
cover aspects relating to monitoring and hesictice mitigation of risk associated with water

contamination and other environmental or geophysical concerns (ASSAf, 2016).
While the exploration and production of petroleum resources is legislated for in MPRDA, all

environment al management aspects are dealt with

which became effective on 14 December 2014.
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2.6.3 The NEMA and One Enviromental System

The DEA administers the NEMA as well as a suite of related laws dealing with waste management,

air quality, biodiversity and protected areas. The notion of sustainable development underpins the
NEMA, supported by the NEMA principles as contd in Section 2 of the Act. In this regard,
NEMA promotes that fAdevel opment must be sociall
and that sustainable development requires the consideration of all relevant factors, including the

foll owi ngo:

i.  Thatthe disturbance of ecosystems and loss of biological diversity are avoided; or, where
they cannot be altogether avoided, are minimised and remedied,;
ii.  that pollution and degradation of the environment are avoided, or, where they cannot be
altogether avoidedare minimised and remedied;
iii. that the disturbance of |l andscapes and sites
avoided, or where it cannot be altogether avoided, is minimised and remedied,;
iv. that waste is avoided, or where it cannotai®gether avoided, is minimised andused or
recycled where possible and otherwise disposed of in a responsible manner;
v. that the use and exploitation of rognewable natural resources is responsible and equitable,
and takes into account the consequenafethe depletion of the resource;
vi.  (vi) that the development, use and exploitation of renewable resources and the ecosystems of
which they are part do not exceed the level beyond which their integrity is jeopardised;
vii.  that a riskaverse and cautious appaich is applied, which takes into account the limits of
current knowledge about the consequences of decisions and actions; and that negative
impactson the environment and on peopl ebds envi

prevented, and where they canbetaltogether prevented, are minimised and remedied.

The principles in Section 2 of the NEMA also apply to the MPRDA. In this regard, an important
principle is the precautionary approach, specifying that aanigkse cautious approach is applied to

devd opment (fithe precautionary principleod), which
about the consequences of decisions and actions. Another important principle is that the costs for
remedying pollution, environmental degradation and consgeqaverse health effects must be paid

for by those responsible for harming the enviro
2016).

To meet many of the requirements of the NEMA principles as they relate to mining and to accelerate

progres toward reducing poverty, inequality and joblessness as required in the NDP. The National
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Planning Commission called for a more coherent and predictable regulatory framework which
reduced red tape and the cost of compliance. Specifically it identifiedetba for integration in
decision making between the departments responsible for mining, water and environmental issues
(DEA, 2015).

Applicable legislation to shale gas exploration and production in South Africa has been promulgated

by the DMR, the DWS ahthe DEA. The DMR is responsible for the sustainable development of
South Africabs miner al and petroleum resources
policy, nhorms and standards; while promoting economic and social development. The DEl&as the

agent for the protection of the environment and waste management while the DWS is the public

trustee of the nationbts water sources (Oel ofse ¢

The OES was introduced as a synchronised system for environmental authorisation between the
National Water Act (NWA) of 1998 the MPRDA, the NEMA, and the NEMA Specific
Environmental Management Acts (SEMAs which include the NEM: Air Quality (N&EM:AQA)

and NEM: Waste AcfNEM:WA)). It is envisages that the OES regulatory system runs in paradlel an

that decisions regarding mining, water and environment are issued simultaneously within the
prescribed 197 days fast track / 247 days slower track (in the case of a Basic Assessment); or 300 days
fast track / 350 days slower track (in the case of asttdping EIA) as contempled in the 2014 EIA
RegulationgDEA, 2015).

The OES is designed to streamline environmental authorisation processes so that companies can
simultaneously apply foEAs, Mining Rights andVater Use Licences (WULg¢yan Zyl et al. 2016).

Prior to the establishment of the OES, the environmental provisions of the MPRDA and the NEMA
would be invoked to assess and manage environmental impacts of petroleum resource extraction
(Glazewski & Esterhuyse, 2016). Under the OES, the enviroiainemanagement function will

remain with the DMR, but will be governed under NEMA. The DMR will assess applications based
on NEMA and associated regulations with the Minister of Environmental Affairs becoming the
competent authority if there is an appealded by a stakeholder during tB& process (van Zyl et

al., 2016).

In accordance with the OES, the Minister of Environmental Affairs has the power to determine the

regulatory framework to be applied to environmental management aspects of any proposed

exploration and production programme. The Minister of Environmental Affairs may make regulations
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on the consultation with landowners/lawful occupiers, financial provisioning and assessment and

monitoring requirements, amongst others (Glazewski & Esterh@g4é).

For example, the technical regulations for petroleum production and exploitation stipulate in 86(3)
that when submitting an application in terms of the NEMA 2814 Regulations foiEA related to

shale gas exploration or production, an apptican mu s t comply with the
I nformati on Requirementso ( Ml RsEIA Reghlationg, rsim@ye nt
meaning that anfgA application for shale gas exploration and production is subject to the 2014 EIA
Regulations. One of theugposes of thiseportis to expand on the MIRs and outline and clear and
structured process for environmental monitoring, assessment and dewing related to slhagas

exploration (see Appendi®.3

To this end, the Minister of Environmental Affaikéay: 1.) Identify activities which may proceed
subject to compliance with norms and standards and 2.) Prohibit or restrict the granting of an
environmental authorisation by a competent authority for affpksted activity in a specified area if

this is necessary to ensure the protection of the environment, the conservation or resources or

sustainable deelopment (Glazewski &sterhuyse, 2016).

Table 203: Decision-making mandates and permit requirements under the Constitution and OES for
exploration and production related activities

Decision i?]?;]%?it; nt Legislation Regulatory process

Exploration and DMR and MPRDA EMPrinitial submissions made to PASA in 2010 an

Production PASA 2011. DMR requested EMPrs to be updated in

Rights November 2014. DMR has not yet decided on any|
the existingeR applications.

Environmental DMR and NEMA No applications foEA in terms of tle NEMA have

Authorisation PASA® been submitted to date. Applications would be guid
by the NEMA Minimum Information Requirements
(MIRs) amongst other legislation. DMR is the
competent authority with DEA providing decision o
appeals.

Atmospheric DEA NEM:AQA Integrated into th&A process with the establishmen

Emission of the OES. DEA remain the competent authority.

Licence

Waste License DMR NEM:WA Integrated into th&A process with the establishmen

®In terms of the OES the Minister of Mineral Resources is the competent authority to grant environmental
authorisations for shale gas developm&he Minister must however delegate the task of evaluating

environmental reports submitted by the project proponents. Presently, there is uncertainty regarding the
particular state agency to which such task would be delegated. In the case of enviromppdingdions for

petroleumr el at ed activities, the MPRDA indicates that t
namely thePASA, however, the MPRDA Bill shifts this responsibjlio the regional offices.
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Decision i%?:}%?it; nt Legislation Regulatory process
of the OES. DMR are the competent authority.
Water Use DWS NWA Integrated into th&A process with the establishmen
License of the OES. DWS are the competent authority. Th¢
Catchment Management Agencies will process all
applications but the final authority to issue the licen
will be National Officei currentlythe Director
General possibly later the Deptbjrector General of
Water Sector Regulation.
Municipal Relevant local Spatial For nonrinvasive 3D seismic surveys, it is thought
Planning authority Planning and | that rezoning will not be required. For the
Decision Land Use development of well pads, regional services,
Management | infrastructure servitudes, waste water treatment wag
Act housing developments, camps, gravtd,gandfill
(SPLUMA) of | sites, roads, the subdivision of farm land etc., these
2013 Western | will require rezoning. These will require a Municipal
Cape Land Usg Application to be submitted to the municipality or in
Planning Act | some cases (if the general welfare of the inhabitan
(LUPA) of the region are affect® the land development
2015and By | applications could require provincial approval and i
laws other instances when the activity is considered a
Provincial Provincial SPLUMA and | national interest, the national Minister responsible f
Planning competent LUPA SPLUMA then has decisiemaking oversit.
Decision authority

2.6.3.1 Environmental Authorisation

Section 32 of the Mineral and Petroleum Resources Amendment Act 2008 (Act No. 49 of 2008)
inserted a new Section 38B into the MPRDA which reads:

A(1) An environment al envir

terms of this Act before and at the time of the coming into effect of the National Environmental

management pl an or
Management Act, 1998, shall be deemed to have been approved andranneewial authorisation

been issued in terms of the National Environmental Management Act, 1998.

(2) Notwithstanding subsection (1), the Minister may direct the holder of a right, permit or any old
order right, if he or she is of the opinion that the gesting, mining, exploration and production
operations is likely to result in unacceptable pollution, ecological degradation or damage to the
environment, to take any action to upgrade the environmental management plan or environmental

management programnte address the deficiencies in the plan or programme.

(3) The Minister must issue an environmental authorisation if he or she is satisfied that the

deficiencies in the environmental management plan or environmental management programme in
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subsection (2)have been addressed and that the requirements in Chapter 5 of the National
Environmental Management Act, 1998, have been me

According to Proclamation No. 14 of 2013 issued on 31 May 2013, the Act 49 of 2008 would have
come into operation on 7 June 20b8t in terms of Proclamation No. 17 of 2013 issued on 6 June
2013, Proclamation No. 14 of 2013 was amended so that certain sections of the Act would not come
into operation on 7 June 2013. Section 38B was one of the sections which did not come intmoperat
on 7 June 2013 (or since th&n)

Section 12(7) of the National Environmental Management Amendment Act (Act No. 62 of 2008),
which was amended by Section 26 of the National Environmental Management Laws Amendment
Act (Act No. 25 of 2014), states that application for a right or permit in relation to prospecting,
exploration, mining or production in terms of the MPRDA that was pending on 8 December 2014,
must be dispensed of in terms of the MPRDA as if the MPRDA had not been amended.

The current shaleag ER applications in terms of the MPRDA, which were pending on 8 December
2014 must accordingly be dispensed with in terms of the MPRDA as if the MPRDA was not

amended.

Section 12(4) of the National Environmental Management Amendment Act (Act No. 628y, 20
which was amended by Section 26 of the National Environmental Management Laws Amendment
Act (Act No. 25 of 2014), states that BEnvironmental Management PlaBMIP) or EMPr approved

in terms of the MPRDA before 8 December 2014 must be regarded ag ba@n approved in terms

of NEMA.

The applications foERs in terms of the MPRDA by Falcon & Chevron, Bundu Gas and Shell, were
still pending on 8 December 2016. Even if an EMPR associated with these applications is approved,
this will happen after 8 Deagber 2014. As such, approval of any of these EMPRs, even if regarded
to have been approved in terms of NEMA, does not constitute an Environmental Authorisation in
terms of NEMA.

®In Mineral Sands Resources, theicot al so hel d t hat AMSR6s counsel di d
legislative regime prevailing prior to 8 December 2014 (which may have remained in force in respect of pending
matters), the obtaining of approvals under the Mining Act made it unnegéssMSR to obtain environmental

authorisation in terms of NEMA for any listed activities which the mining company would be undertaking. That

any such suggestion would be unsound is clear from the judgment of the Constitutional Court in Maccsand (Pty)

ltd v City of Cape Town & Others 2012 (4) SA 181 (cCC).
for the District of Vredendal, Kroutz NO and Others (
held that section 38B was nonsensical ferthf ol | owi ng reasons ANEMA came into
The Mining Act came into force on 1 May 2004. Accordingly it would be impossible for there to have been any

EMPs approved in terms of the Mining Act as at 21 January 1999. The lawmaker méaytéaded to refer to

NEMA as amended with effect from 8 December 2014. If so, the new s 38B(1) would be a repetition of s 12(4)

of Act 62 of 2008.0 (Par 37 of the judgment)
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The above was confirmed in Mineral Sands Resources court case, where theedurt t hat ATl
effect of s 12(4) is that a Mining EMP approved prior to 8 December 2014 is to be regarded as an
EMP approved in terms of s 24N of NEMA. O The <co
of the amended Mining EMP did not simultaneousiystitutea envi ronment aThaut hor
process for obtaining an environmental authorisation is more rigorous than famendment of a

Mi ning EMP. 0

Regulation 54 of the 2014 NEMRBIA Regulationsstates that an application submitted in terms ef th
previous MPRDA Regulations for a permit, right, approval of an EMPR or amendment to such
permit, right, or EMPR which was pending on 8 December 2014, must despite the repeal of those
Regulations be dispensed with in terms of the those previous MPRDAatiegs, as if those
previous MPRDA Regulations were not repealed. However, an application submitted after 8
December 2014 for an amendment of an EMPR approved in terms of the MPRDA must be dealt with
in terms of the 2014 NEMA EIA Regulations.

The currentshale gasER applications in terms of the MPRDA Regulations were pending on 8
December 2014 and must accordingly be dispensed with in terms of the MPRDA Regulations, as if
the MPRDA Regulations were not amended.

On 4 December 2014, the Minister of Enviremtal Affairs promulgated the 2014 NEMA EIA
Regulations and Listing Notices in terms of Chapter 5 of the NEMAG6. These Regulations came into
effect on 8 December 2014 and repealed the 2010 EIA Regulations.

The gas exploration operations proposed inERegpplications in terms of the MPRDA, trigger one

or more of the following listed activities in terms of the 2014 NEMA EIA Regulations:

T Activity 20 of Listing Notice 1: AAny activity
a prospecting righin terms of section 16 of the Mineral and Petroleum Resources Development
Act, 2002 (Act No. 28 of 2002), including associated infrastructure, structures and earthworks,
directly related to prospecting of a mineral resource, including activities for whielkemption has
been issued in terms of section 106 of the Mineral and Petroleum Resources Development Act, 2002
(Act No. 28 of 2002).0

T Activity 18 of Listing Notice 2: MAAny activity
an exploration ight as contemplated in section 79 of the Mineral and Petroleum Resources
Development Act, 2002 (Act No. 28 of 2002), including associated infrastructure, structures and
earthworks. o

1 Listed activities pertaining to watercourses, river crossings, vegetatiooval and or construction

of roads should also be considered.
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Where the above activities appliA will be required from the relevant authority prior to the
undertaking of the said activities.

It is also important to note that the proposed NationalrBnmental Management Laws Amendment
Bill, 2016, (Athe Bill o) contains the foll owing

ATransitional provisions for mining applications

75. (1) An environmental management plan or environmental management pregegpproved in

terms of the Mineral and Petroleum Resources Development Act, 2002 on 8 December 2014, or
before 8 December 2014, or after 8 December 2014 in the case of applications that were pending on
that date, shall be deemed to have been approvedraeddronmental authorisation issued in terms

of the National Environmental Management Act, 1998.

(2) Subsection (1) does not apply in the instances where an application for an environmental
authorisation in relation to activities ancillary to exploratioprospecting, mining, or primary
processing was not obtained, was refused or there was failure to obtain an environmental
authorisation in terms of the Environment Conservation Act, 1989 (Act No. 73 of 1989) for activities
that required such an environmahtwuthorisation in terms of that Act, or for activities identified or
specified under section 24(2) of National Environmental Management Act, 1998, or a waste
management licence has not been obtained, was refused or not obtained for any activity listed in

terms of section 19 of t he Nati onal Environment s

The above provision in the Bill confirms that, even if these proposed amendments are brought into
effect, the requirement that Environmental Authorisation is required fdistbd activities (contained
in the 2014 NEMA EIA Regulations) shall remain in effect.

The transitional arrangement provided for in Regulation 53(3) of the 2014 NEMA EIA Regulations
(GN No. R. 982 of 4 December 2014 refers) states that, whenepdination submitted in terms of the
previous NEMA Regulations, was pending on 8 December 2014, in relation to an activity of which a
component of the same activity was not identified under the previous NEMA notices, but is identified
in terms of sectior4(2) of the Act in terms of the 2014 NEMA Listing Notices, ttwanpetent
authority must dispense of such application in terms of the previous NEMA Regulations, but may
authorise the activity identified in terms of the 2014 NEMA Listing Notices as ifstapplied for on
condition that all impacts of the newly identified activity and requirements of the 2014 NEMA EIA

Regulations have also been considered and adequately assessed. However, it must be noted that no
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application forEA has been submitted to ddby any of the shale gas applicants. As such, the above
mentioned transitional provisions of the 2014 NEMA EIA Regulatamesnot applicable.

In summary current legal interpretation suggests

1 No one may commence with an activity identified in termSadtion 24(2)(a) of NEMA unless
EA in terms of NEMA has been obtained for the activity.

1 An approval of an EMPR in terms of the MPRDA does not constitute an Environmental
Authorisation in terms of NEMA. Furthermore, an EMPR, even if regarded to be apgesved
an EMPR) in terms of NEMA, does not constituteEin terms of NEMA- Section 12(4) of
the National Environmental Management Amendment Act (Act No. 62 of 2008).

1 The applications submitted by Falcon & Chevron, Bundu Gas and ShERfsrin terms othe
MPRDA, prior to 8 December 2014, are pending and no applicatideXan terms of NEMA
has been submitted to date. As such, applications Ear are required prior to the
commencement of any activities listed in the 2014 NEMA EIA Regulations (incléditigity
20 of Listing Notice 1 and Activity 18 of Listing Notice 2).

2.6.4 Regulations Governing Mine Closure

The mining industry generally distinguishes between three distinct stages in a project lifecycle: The
exploration phasgthe production phasand theclosure phaseln planning for the closure phase,
Section 41 of the MPRDA states that applicants for prospecting rights, mining rights or mining
permits must make financial provisions for the rehabilitation or managememegétive

environmental impacts

The technical regulations developed under the MPRDA include provisions on well abandonment and
closure which must be read in conjunction with
of a prospecting right, mining right, retention permit, migg per mi t , € or previou
that has ceased to exist, remains responsible for any environmental liability, pollution, ecological
degradation, the pumping or treatment of extraneous water, compliance to the conditions of the

environmental auth@ation and the management and sustainable closure thereof until the Minister [of

C

<

Environment al Af fairs] has issued a closure cer

tenets of the pollute pays principle.
A number of further environmentgrovisions relevant to closure have been transferred from the
MPRDA to t he NEMA, including sections titl ed

environmental damage; Monitoring and performance assessment; Mine closure on environmental
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aut hor i sha tnew fimancial Provisioning regulations require companies to provide
comprehensive itemisation of all the costs associated with annual and final rehabilitation,
decommissioning and closure as well as the costs associated with remediatieyrfotatentor
residual impacts i.e. impacts that may only become visible in the future with a particular emphasis on
potential water related threats.

A permit or right holder or applicant must calculate and make provision for the availability of
sufficient rehabitation and closure funds, which the DMR Minister must approve. Importantly the
regulations specify that, at any point, the funds available for latent and residual effects must be able to
cover the actual costs of implementation for at least ten yearschfseire. Financial provisions can

be made through a financial guarantee, a deposit to a specific account administered by the DMR
Minister or a combination of both. A trust fund can only be used for the purposes of financial
provisions for residual or lant impacts subject to conditions set out in the Act. This marks a change

from previous regulation which allowed for a trust to be used for other impacts.

The regulations prohibit the deference dhe dAprov
mine infrastructure salvage valuedo and require t
in the case of a guarantee. In the case of residual or latent impacts, provisions must be ceded to the
DMR Minister once a closure certificateshheen issued. Companies are further required to review,

assess and adjust all financial provisions and the assessment must be audited by an independent
auditor. EMPs are required to be publically accessible. Companies can be placed under care and
maintenace subject to specific requirements and Ministerial approval but cannot operate under care

and maintenance for more than five years.
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2.6.5 Other Policy, Plans, Regulations and Standards

Table 204

A summary of the national policy, plans and legislation application to shale gas exploration and production activities. Note that there are numerous other policy,

plans, regulations and standards that could apply to shale gas exploration and production, the list contained here is comprehensive but not exhaustive.

Issue

National policy, plans and
legislation

Relevance to shale gas exploration and production and comments on the existing regulatory framework

Energy Planning.
Integrated Energy
Plan, Integrated
Resources Plan,
Gas Utilisation
Masterplan and
National
Development Plan
discussed in
reference to the
DoE Integrated
Energy Planning
Framework in
Section2.2

Energy Policy White Paper of
the Republic of South Africa of
1998 NEMA: EIA Regulations,
2014

Security of energy supply for South Africa through energy supply diversity. Natural gas identified as @
source of complementary primary energy supply to the existing mix.

National Energy Act of @08,
Electricity Regulation Act of
2006 NEMA: EIA Regulations,
2014

Prescribes that energy planning in South Africa must be conducted in an integrated manner and that t
Minister has the mandate and the obligation to conduct such planning. The Act is very axgheit it
prescribes an IRP to precede any implementation of new power generation capacity.

Gas Act of 200LNEMA: EIA
Regulations, 2014

Promulgated with the broad objective to stimulate the natural gas industry and explicitly introduces a ny
new gas technologies e.g. gas liquefaction and regasification. Seeks to promote the orderly developmg
piped gas industry and to establish a national regulatory framework.

Eskom Tansmission
Development Plartrategic
Grid Plan of 2015NEMA: EIA
Regulations, 2014

Outlines how the electric transmission system needs to be developed over the next 10 years. Indicate
commitments required by Eskom in the short to medium term. This is inclusive of grid infrastructure req
integrate nes gasfired power plants. The Eskom Strategic Grid Plan outlines where new transmissig
development is needed.

Transnet Longerm Strategic
Framework of 2015NEMA:
EIA Regulations, 2014

Provides a longerm and broader view of transportation netwgorequired, including expansions of existi
transportation infrastructure. Specifically, natural gas infrastructure planning and pipeline developmentg
the possibility of domestic onshore gas finds.

Air Quality and
Greenhouse Gas
(GHG) Emissions

United Nations Framework
Convention on Climate Changg
(UNFCCC) of 1992, the
National Develoment Plan of
2012,the National Climate
Change Response White Pap€

In 2015, all countries signed an agreement undetMiECCC, for the first time committing each one to red
their GHG emissions. South Africads contributi
Development Plan and the National Climate Change Response White Paper.
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of 2011 NEMA: EIA
Regulations, 2014
National Envirmmental Air quality is governed by the NEM:AQA. Municipalities are responsible for generating and maintaini
Management: Air Quality Act | quality management plans. Emission limits have been set for thaegush industry, but no subcategory
of 2004 (NEM:AQA) NEMA: exists for shale gas. Any legal person undertaking shale gas exploration or production will require
EIA Regulations, 2014 Emissions License (AEL), if they have an incinerator capacity of 10 kg or more of waste processed
S x GHG are being declared O6priority pollutant
000 tonnes of GHG (expressed as a,@jyui val ent) annually must pr
pl ané. The regul at o myavailable tnder NEMiAQA shoula hedassessed and the
relevant options applied to shale gas exploration and production.
National ambient air quality The NAAQS are community exposure standardgciwiare implicitly healthbased, being largely based on {
standards of 2009 (NAAQS) | World Health Organisation (WHO) guidelines for the ambient limit values of the major pollutants, with
NEMA: EIA Regulations, 2014 | local adaptations.
Hazardous Chemical Substand Occupational exposure standards will apply on both the well drilling sites and downstream processing f
regulations of the Occupationa| The regulations specify the allowed exposure limit over eight hour shifts. Thebasm® on the guideling
Health and Safety Act of 1993 | produced by the American Conference of Governmental Industrial Hygienists. Because the South
NEMA: EIA Regulations, 2014| regulations have not been updated for some time, it would be prudent to consider a revision of the reg
taking into accouingood practice internationally.
Regulations for Petroleum The technical regul ations include a section
Exploration andProduction of | requiring license holders to minimise fugitive emissions, including natural gas during hydraulic frag
the MPRDA of 2015, NEMA | operations by various means, or if those are not feasible, to flare the gas. These regulations seek
EIA Regulations, 2014 venting methane to the atmosphere and to minimisedla
Seismicity Regulations for Petroleum The regulations include requirements on how to conduct assessments of related seismicity (regulation ¢

Exploration and Production of
the MPRDA of 2015NEMA:
EIA Regulations, 2014

must be undertaken by PASA, mechanical integrity tests and monitoring processes (regulation 1
contents of a podiydraulic fracturing rep r t (regulation 120), a 069 ¢
injection of waste fluids (regulation 124), well decommissioning and closure procedures (regulatio
Provide a sound basis for discussions between regulators and developers of shadsg&ewveral of the
clauses might require clarification, be too stringent or unnecessarily prescriptive. For example, the me
the phrase fifractur e b e h-sygulationd9 (1p(b)) shoald lzp explairkd; While
stipulaion that an array of accelerometers must be installed in a monitoring welle@uilation 112 (8) (b)
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should be reviewed, as it is possible that satisfactory measurements could be obtained from a fa
surface array using modern location algorithr@her regulations relevant to seismicity, are containe
Chapter 8 titled nAWell design and constructi
assessment), 95 (well design) and 96 (well construction standards) aridO7on diferent types of casing t
be used during well construction). Due to the high levels of technical specification, these regulations s
amended as exploration progresses, more geological and seismic information is gathered and
fracturing technlogies develop further.

Water Resources,
including surface
and groundwater

National Water Act 36 of 1998
NEMA: EIA Regulations, 2014

Ensures that the nationds water resources are
a sustainable and equitable manner. DWS has invoked Section 38 of the NWA to declare hydraulic fra
controlled activity, thus exploratioand/or production will require a WUL. The NWA provides for {
determination of a Reserve and related matters (Section 16 to 18), before the issuing of a lic
groundwater and surface water. Sections 19 and 20 of the NWA require shale gas opepatoent pollution
incidents and emergency incidents and outlines how operators should act in the case of an emergenc
Chapter 14 of the NWA (Section 137 to 145) requires monitoring, recording, assessing and disse
information on water ources. In this regard, the Minister \Water and Sanitatiomust establish nationg
monitoring systems and national information systems, each covering a different aspect of water resour
as a national register of water use authorisations, arfamiation system on the quantity and quality of wa
resources. Key regulations important for hydraulic fracturing under the NWA, incladesrnment Notice
(GN) 704 (GN 704/1999 in Government Gazette of 4 June 1999) where the following is relevant:

1 Regudation 4: No person in control of a mine or activity may locate or place any residue deposi
reservoir together with any associated structure or any other facility within the 1:100 year flood
within a horizontal distance of 100 m from any wateirse or estuary, borehole or well, exclud
boreholes or wells drilled specifically to monitor the pollution of groundwater, or on-eafged ground
or on ground likely to become watkrgged, undermined, unstable or cracked.

1 Regulation 5: No persoin control of a mine or activity may use any residue or substance which cal
is likely to cause pollution of a water resource for the construction of any dam or other impoundi
any embankment, road or railway, or for any other purpose whikkelg to cause pollution of a watg
resource.

1 Regulation 6: Capacity requirements for clean and dirty water systems; and

1 Regulation 7: Specific requirements for the protection of water resources.
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Other relevant regulations are GN 1199 (18 December 20@8h specifies conditions for impeding
diverting flow or altering the bed, banks, course or characteristics of a watercourse to persons using wa
Sections 21 (c) and (i) of the NWA. In these regulations, no water use is allowed within a &i0srfrom the
boundary of a wetland. Also, altering the bed, banks, course or characteristics of a watercourse is ng
within the 1:100 floodline or within the riparian habitat, whichever is the greatest.

The Water Services Act of
1997, NEMA: EIA Regulations,
2014

Governs the provision of water services and promotes effective water resource management and con
Municipalities must ensure that water of a specific quality is provided (see quality standards below
ensure assurance ofpgly and must ensure sanitation. If shale gas development occurs in a specific arg
may be an additional strain on the infrastructure. Treatment of waste water will not be possible at
Waste Water Treat Works as the waste streams are sagnilfi different from what is currently treated there

The South African Water
Quality Guidelines (DWAF,
1996) NEMA: EIA
Regulations, 2014

Serve as the primary source of information for determining the water quality requirements of differen
usesand for the protection and maintenance of the health of aquatic ecosystems. Recognising that
quality may differ for different water users, separate guidelines are provided for domestic, recre
industrial and agricultural (irrigation andvédistock watering) use, as well as for maintenance of aq
ecosystems. As the name implies, these are guidelines for best practice and are not legally binding.

South AfricanNational
Standardg{SANS)for drinking
water and waste streams
NEMA: EIA Reguations, 2014

In contrast, standards for drinking water and purification of waste waters are legislated. The SANS spe

minimal quality of drinking water, defined in terms of microbiological, physical, chemical, aneatastedour

parameters at éhpoint of delivery to the consumer. The Water Services Act of 1997, updated as SANS

2015b), requires that water provided by water services authorities meets the specified standards. It

noted that these standards apply only to water tddhigered to the consumer, and not to water in river

aquifers, where only the relevant guidelines apply. Standards are drawn from:

I SANS. 2015a. SANS 241. Drinking water. Part 1: Microbiological, physical, aesthetic and chen
determinands. EditioR. Standards South Africa.

1 SANS. 2015b. SANS 242. Drinking water. Part 2: Application of SANS 241 Edition 2. Standard
South Africa.

Standards were also set in the 1956 Water Act for some 23 constituents in effluents and waste waters

stream. While the updated version modifies the legal limits of some constituents, no additional constitu

considered. The values set for most or all of the constituents listed in the current list are derived from t

African Guidelines for Aquati Ecosystems.

Waste

Regulations for Petroleum

Makes specifications for site underlay systems (regulation 91); material safety datasheets for drilling
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Exploration and Production of
the MPRDA of 2015NEMA:
EIA Regulations, 2014

regulation 109); dgging of proppants with radioactive isotopes and addition of tracers in fracture
(regulation 112); fracturing fluid disclosure including prohibition of substances listed in Schedule 1;
management plan for fracturing fluids (regulation 1¥Bgnagement of flowback through an approved w
management plan (regulation 116); the requirement of a fluid transportation plan (regulation 117); requ
for storage of fluids and rese at the well pad (regulation 118 &123); waste disposal in dacoe with
applicable legislation (sufegulation 124(1)); radioactive materials management in accordance with Na
Radioactive Waste Disposal Institute Act of 2008 {sedpulation 124(2)); liquid waste must be disposed g
an approved waste treatnefacility in accordance with relevant legislation and disposal of liquid was
domestic waste water treatment facilities must only take place after prior consultation with the dep
responsible for water affairs (subgulation 124(3)); deep wehjection and annular disposal of drill cuttings
fluids is not permitted (subegulation 124(4&6)); discharge of fracking fluids, fracking flowback, and prod
water into surface water courses is prohibited {®gulation 124(5)); drill cuttings andaste mud must b
temporarily stored in abowground tanks (subegulation 127(7)); solid waste generated during operations
be categorised and disposed of accordingly at a licensed landfill site or treatment facilitggisiation
124(8)); a waste anagement plan must be prepared and approved as part of the application for Enviro
Authorisation (regulation 125). The existing legislated waste management provisions in the tg
regulations are largely adequate to reduce the waktted risk of shale gas development to low, if rigorou
enforced. NEMA Section 30 and 30A establish the framework for dealing with emergency situations
management activities that are likely to have a detrimental effect on the environment as listedatidRead
of 29 November 2013 are subject to the EIA Regulations made under Section 24(5) of NEMA as p
Waste Management Licence application under the NEM:WA.

National Environmental
Management Act of 1998
(NEMA), NEMA: EIA
Regulations, 2014

NEMA Section 30 and 30A establish the framework for dealing with emergency situations. Waste man
activities that are likely to have a detrimental effect on the environment as listed in Regulation 92
November 2013 are subject to the EIA Regjalss made under Section 24(5) of NEMA as part of a W
Management Licence application under the NEM:WA.

National Environmental
Management: Waste Act of
2008 (NEM:WA), NEMA: EIA
Regulations, 2014

At present waste is prdassified as hazardous wasteténms of Schedule 3 of the Waste Act. There ig
amendment to the schedule in the pipeline as present "Category A: Residue deposits and residue

included) waste from drilling muds and other drilling operations” which will mean that drilhgsttire not pre
classified as hazardous wask@uth Africa has an integrated pollution and waste management policy, driy
the vision of environmentally sustainable economic development by preventing and minimising, controll
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remediating pollutia and waste to protect the environment. Waste management in South Africa is infor

the waste management hierarchy which outlines waste management options covering the lifecycle of

descending order of priority: waste avoidance (preventionnainémisation), reuse and recycling, recover

waste treatment and disposal as last resort. Waste management activities that may require a licence i

NEM:WA are listed in Regulation 921 of 29 November 2013 and Regulation 633 of 24 July 2018&.

activities include: storage of general waste, recycling of waste, treatment of waste, disposal oi

construction, expansion or decommissioning of waste facilities and the establishment or reclamat
residue stockpile or residue depo$kependng on the size, handling capacity and the type of waste {
managed, a basic assessment or full EIA set out in the EIA will be required as part of the licence ap|
process. All hazardous waste management facilities will require a full Abpplicable regulations unde

NEM:WA include:

1 Waste Information Regulations (Regulation 625 of 13 Aug 201&jery person generating more than
kg of hazardous waste per day or disposing of any amount of hazardous waste to landfill must re
the South Arican Waste Information System (SAWIS) and submit actual quantities of waste in
SAWIS.

1 Waste Classification and Management Regulations (Regulation 634 of 23 Aug 2008aste generators
must ensure that the waste they generate is classifiectardance with SANS 10234 and a safety ¢
sheet prepared for each waste stream as prescribed.

1 National Norms and Standards for the Assessment of Waste for Landfill Disposal (Regulation 63
Aug 2013).

1 National Norms and Standards for Disposaiste to Landfill (Regulation 636 of 23 Aug 2013).

9 List of Waste Management Activities that have or are likely to have a detrimental impact
Environment (GN 921 of 29 Nov 2013).

1 National Norms and Standards for Storage of Waste (GN 926 of 29 Noy. 2013

1 National Norms and Standards for Remediation of Contaminated Land and Soil (GN 331 of 2 May

1 Regulations regarding the planning and management of residue stockpiles and residue deposi
prospecting, mining, exploration or production opemijRegulation 632 of 24 July 2015).

1 Amendments to the list of waste management activities that have or are likely to have a detriment
on the environment (Regulation 633 of 24 July 2015).

The Minister or MEC may identify investigation areas, digte assessments to be done and issue remed
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orders for the remediation of contaminated land. All costs associated with the assessments and remed
be for the account of the owner of the land or company responsible for shale gas expodhfooduction in
Il i ne wit h-pay$pe ifmpalpll etoer Recovery of drilling m
waste management license in terms of the Waste Act of 2008. It is recommended that shale gas de
wastes be added tbe list of preclassified hazardous waste streams in Annexure 1(2) of waste Regulatia
The DEA have indicated their intention to amend schedule 3 of NEM:WA which currenttyagefy wasteg
resulting from exploration, mining, quarrying, and phgsiand chemical treatment of minerals as hazarg
waste. If this preclassification of waste from shale gas development changes, then it is possible that th
may be classified as Type 1, 2 or 3. Most municipal landfill sites in the study areaatidelst be Class C or
sites and will not be able to receive Type 1, 2, or 3 wastes. Although norms and standards fq
classification and containment barrier system designs at landfill sites is prescribed; there is no requirg
operational andgroundwater monitoring requirements. Possible contact between the waste from sh
development and humans is also not regulated.

National Water Act of 1998
NEMA: EIA Regulations, 2014

Provides regulatory and market based instruments to managmphets on water quality. These instrume
include licensing of water uses, including disposal of waste, which may impact on water resources a
discharge charges.

Nationd Nuclear Regulator Act
of 1999, NEMA EIA
Regulations, 2014

Regulates Natutly Occurring Radioactive Material (NORM) waste. The National Nuclear Regulator docy
RD-004 ORequirements Document on the Management
from facilities handling NORM 0(&nalagedd descri be

National Road Traffic Act of
1996, NEMA EIA Regulations,
2014

Vehicles transporting dangerous goods (including hazardous waste) must adhere to SANS 10228 in
identification and classification of goods. In terms of Section 76fdhewing standards are deemed to
regulations:

1 SANS 10228: Identifies and classifies each of the listed dangerous goods and substances an
information including the United Nations Number, the correct shipping name, hazard class assig
othe information.

1 SANS 10229: Contains information on acceptable packaging for dangerous goods and substances
include requirements for the testing of packaging and the correct marking and labelling of packages

1 SANS 10230: Includes statutory vehidlespection requirements for all vehicles conveying dange
goods. This code stipulates the safety aspects of both the vehicle and the goods containment.
inspection requirements by bothlilwuse and outside agencies are listed.
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1 SANS 10231: This ate of practice prescribes the operation rules and procedures for transy
Dangerous Goods and Hazardous Materials. It also includes the prescribed responsibilities
owner/operator of the dangerous goods vehicle. It outlines the informationecbguid who will have tq
supply information for the safe conveyance of dangerous goods. The requirements for the drafi
formulating of an operational agreement are also specified. This code also requires the owner/op
vehicle to be registereds dangerous goods carrier. It is also prescribed that the owner opera
available adequate insurance cover for civil liability as well as pollution and environmental rehabi
cover in the event of an incident.

I SANS 102321: 2007: This code inabes details of new placarding requirements for vehicles transpq
dangerous goods and the individual or substance exempt quantities and the compatibility require
mixed loads. Part 3 of this code contains information on the Emergency Respadss Blbe used i
case of an incident or accident.

Disaster Management Act, 200
(Act 57 of 2002) NEMA: EIA
Regulations, 2014

This act provides for an integrated and coordinated disaster management policy that focuses on pre
reducing the riskof disasters (natural or human induced) mitigating the severity of disasters, eme
preparedness, rapid and effective response to disasters aitlispsttr recovery.

Biodiversity

The National Environmental

Management: Biodiversity Act
(NEMBA) of 2004, as amendeq
NEMA: EIA Regulations, 2014

Provides for the management and conservation of biodiversity, the protection of species and ecosys|
warrant national protection, and the sustainable use of indigenous biological resources.

The NationaEnvironmental
Management: Protected Areas
Act of 2003 NEMA: EIA
Regulations, 2014

Provides for the protection and conservation of ecologically viable areas representative of natural lan
The Act provides for protected areas to be declared ontpriracommunal land, with the landowner retain
title to the land.

National Biodiversity Strategy
and Action Plan (NBSAR)
NEMA: EIA Regulations, 2014

South Africa is obliged to develop a National Biodiversity Strategy and Action Plan (NBSAP). iBtr
objectives of the NBSAP include that the management of biodiversity assets and their contributior
economy, rural development, job creation and social wellbeing is enhanced.

National Biodiversity
Assessment (NBA), the
National Protected Area

Expansion Strategy (NPAES),

All plans undertake spatial assessment and prioritisation of biodiversity regions basieel pnmciples of
systematic biodiversity planning. These principles include the need to conserve a viable representativ
of all ecosystems and species, as well as the ecological and evolutionary processes that allow biodi
persist over tim. At the provincial level, provincial environmental affairs departments are often the au
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Atlas of Freshwater Ecosysten
Priority Areas of South Africa
(FEPA), and provincial spatial
biodiversity plansNEMA: EIA
Regulations, 2014

for permitting or authorising for a range of activities, and they provide comments on +retated
authorisations. Provincial spatial biodiversity plans tifgrCritical Biodiversity Areas (CBAs) and Ecologic
Support Areas which guide such authorisations and comments.

Agriculture

The Conservation of
Agricultural Resources (Act 43
of 1983) (CARA) NEMA: EIA
Regulations, 2014

Prevents the degradation of the agricultural potential of soil and requires the protection of land
waterlogging and salinisation of soils by means of the construction and maintenance of suita
conservation works. The sustainable utilisattbmarshes, water sponges and watercourses on agriculturg
is also regulated in terms of the Act. CARA was promulgated more than three decades ago, and
anticipate all of the current potential impacts of new developments on agricultural essddRRA could be
augmented drawing from principles contained in international best practice documentation such
International Finance Corporation (IFC) Performance Standards on Environmental and Social Susta
that became effective on 1 Janya&012.

The National Water Act (Act 36
of 1998) (NWA) NEMA: EIA
Regulations, 2014

Is concerned with the quality and quantity of water used, including for agriculture. Any impacts caused
gas activities on the volume and quality of water amd for authorised agricultural water use, will be
infringement of this Act.

Tourism

National Development Plan
(NDP) (2012) NEMA: EIA
Regulations, 2014

The NDP identifies tourism as an essential part of our economy into the future.

Medium TermStrategic
Framework for 2014 2019
NEMA: EIA Regulations, 2014

Tourism is a key sector contributing to Out con

National tourism plandNEMA:
EIA Regulations, 2014

At the national level, guidands provided by the Marketing Tourism Growth Strategy for South Africa (2
and the National Tourism Sector Strategy (DoT, 2011). The Rural Tourism Strategy (DoT, 2012) highli
importance of rural areas for tourism and emphasises the fact thhtarees contain important touris
attractions. These plans are implemented by different authorities and government agencies, a situati
adding to management complexity.

Provincial and regional tourism
plans NEMA: EIA Regulations,

2014

At provincial and regional level there are: an Integrated Tourism Development Framework (Wester
Department of Economic Development and Tourism, 2006), an Eastern Cape Tourism Master Plan
Cape Department of Economic Development and Econorffigird, 2009) and a Northern Cape Touris
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Master Plan Review (Grant Thornton, 2014). The Karoo Development Foundation (2012) produced
Tourism Strategy and Kyle Business Projects (2009) produced a Camdeboo Responsible Tourism Se
In essencehe strategies of these communicated in the planes are to develop and market unique
products, grow domestic and international tourism arrivals and spend, create sustainable economic be
to protect the environment.
Micro and The Industrial Policy Action Proposes a Long Term Strategic Framework to leverage the opportunities presented by petroleum
macroeconomig Plan 2015/16 2017/18 resources. The &artment offrade andndustryhas also recently ananced that it will be establishing a uf
NEMA: EIA Regulations, 2014| to manage gas industrialisation that intends replicating the success tfiddy@endent Power Produc
programme unibf the DoE.
Social fabric The Social Assistance Act of | Creates a broad social protection strategy. Several types of grants are available: Grants for Olde

2004 NEMA: EIA Regulations,
2014

Di sability grants, War veterans®6 grants, Fost e
also have access to other developtakinitiatives such as the National Schools Nutrition Programme
Expanded Public WorkBrogrammethe Municipality Infrastructure Grant , municipal services subsidies,
the Umsobomvu Youth Fund.

Human health

National Environmental
Management Acof 1998
(NEMA), NEMA: EIA
Regulations, 2014

Responsibility for the environmental health and safety consequences of a policy, programme, project,
process, service or activity exists throughout its life cycle.

National Water Act, Act 36 of
1998 NWA), NEMA: EIA
Regulations, 2014

Sustainability and equity identified as central guiding principles in the protection, use, develg
conservation, management and control of water resources. These guiding principles recognise the ba
needs ofpresent and future generations, the need to protect water resources, the need to promote 3
economic development through the use of water and the need to establish suitable institutions in g
thieve the purpose of the Act.

Regulations foPetroleum
Exploration and Production of
the MPRDA of 2015NEMA:
EIA Regulations, 2014

A Wwel | examination schemesd are required to by

health and safety of persons from the well or anything in ifsoon strata, to which the well is connected, hé

been assessed and are within acceptable |l evels

1 prevent well design risks to health and safety of persons from the well or anything in the wellraiaitos
which the well is connected.

9 address hydraulic fracturing fluids management to ensure assessment of potential environmental g
risks of fluids and additives in both diluted and concentrated form.
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1 conduct operations in a manner that does pmge a risk to public health, life, property and
environment.

The protection of human health, with particular reference to the Health Act of 2003, is missing fr

MPRDA technical regulations.

Health Act (Act No. 61 of
2003) NEMA: EIA
Regulatias, 2014

Supports the Constitution in terms of everyone having a right to an environment not harmful to health-a
being (Section 24). Water quality monitoring is referenced in terms of municipal health services pro
there is no other mentiorf water.

Sense of Place

The National Environmental
Management Act (NEMA) of
1998 NEMA: EIA Regulations,
2014

Sustainabl e devel opment requires the consi der 4
into account the interests, neaatsl values of all interested and affected parties, and this includes recog
all forms of knowledge, including traditional

National Heritage Resources
Act (NHRA) of 1999 NEMA:
EIA Regulations, 2014

Describes the reasons kge or object may have cultural heritage values; some of these speak directly
cultural | andscapes. fACultwural significanceodo n
linguistic or technological value or significandeh e concept of &ésense of p
developments locally and internationally. For example, the development of a shopping mall was blg
Princess Vlei, in Cape Town in 2009, and the development of mining was blocked ati&irLwaZulu
Natal in 2002.

Visual aesthetics

The National Environmental
Management: Protected Areas
Act of 2003 NEMA: EIA
Regulations, 2014

The Minister/ MEC may restrict or regulate deve
for the area given the purpose for which the area was declared. Local authority zoning schemes can |
protect natur al and cultural heritage resourc

6Scenic Overlay Zoutegs6 including scenic

National Heritage Resources
Act of 1999 NEMA: EIA
Regulations, 2014

Includes protection of national and provincial heritage sites, as well as areas of environmental or cultur
and proclaimed scenic routes.

Heritage

National HeritagdResources
Act (NHRA) of 1999 NEMA:
EIA Regulations, 2014

Defines and governs heritage resources. Section 38 prescribes the manner in which an impact assessn
be carried out. It provides triggers for various activities that would require an iragsestsment, howeve
under Section 4(b)(iii) of the National Environmental Management Act (NEMA) No. 107 of 1998, 1998)
required to include an assessment of the impacts to the National Estate into any impact assessment tr
the provisions bthat act. Under the NHRA, Section 34 protects structures older than 60 years; Sed
protects archaeology, palaeontology and meteorites; Section 36 protects burial grounds and graves; al
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37 protects public monuments and memorials. The diefits mentioned above provide specific details of w
is included within each of these categories. Under Section 28 heritage resources authorities may |
measure of protection to certain areas over and above the basic provisions of Seetionshié Section 29
allows the authorities to provisionally protect a heritage resource in order to allow for the considerd
further protection as may be required, often when the resource is under threat. In the context of s
developmentHeritage ImpactAssessmentéHIAs) produced under NEMA and according to the guideline
Section 38(3) should be submitted to the relevant heritage authorities for comment. In the everstafdiag
HIAs being conducted (if a development application failstrigger NEMA), then the heritage resourg
authorities would be the decisiomaking authority. The heritage management system anticipated by the |
is not fully operational. As things stand at present, the following applies in each province undeMAe
process:
1 Western Cape: Heritage Western Cape is fully functional and applications within Western Cape W
commented on by them;
1 Eastern Cape: Although the Provincial Heritage Resources Authority (PldR&)e Eastern Capis
formally functional, 1 is poorly resourced and has limited capacity to respond to applications; and
1 Northern Cape: The Northern Cape PHRA, Ngvsswa Ya Kapa Bokoni, is functional but also poad
resourced. Powers in terms of the NHRA for built environment and landscapesrhatie been devolve
to the PHRA, but not those relating to archaeology and palaeontology (South African Heritage R€
Agency (SAHRA) handles those aspects on its behalf).

World Heritage Convention Act
(No. 49 of 1999, 1999NEMA:
EIA Regulations2014

Governs World Heritage Sites. Although the study area does not currently host such sites, it does inclu
the previously described 6Human Right s, Liber
Sitesd seri al sthe3occalentKaroorProteded Areak. | a

National and provincial
regulations and guideline
documents

There is a Western Cape Government guideline document for involving heritage specialists in Enviro
Impact Assessment (EIA) processes, while botfHBA (2007) and HWC (2016) have issued guidelines
standards for conducting specialist assessments of archaeology and palaeontology.

Noise

Environmental Conservation
Act of 1989, the Western Cape
Noise Control Regulations
(NCR) (2013) and national

standards NEMA: EIA

Both these regulations set the concepts of a 0
objectively measured, while a noise nuisance i
as a dog barking or other diste events. Two standards, SANS 10328 and SANS 10103 further expg
these regulations. SANS 10328 specifies the standard procedure for conducting a noise impact as
SANS 10103 specifies procedures for assessing the noise under investigatoiVebtern CapedNCR
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Regulations, 2014

supersede the nationdCR.

Electromagnetic
interference

Astronomy Geographic
Advantage Ac{AGAA) of
2007, NEMA: EIA Regulations,
2014

Empowers the Minister of Science and Technology to declare Astronomy Advantage Areas, and prot
areas through regulations. Required protection threshold levels for the radio astronomy service are de
InternationalTelecommunication§Jnion Recommendation ITHR RA.7692. The basic principles upon whig
this recommendation is developed has been used in the derivation of the South African Radio As
Service (SARAS) protection level. This protection level has been promulgated in ternes AG#HA and
adopted in South Africa to provide a clear and objective decision making process in the assesg
radiofrequency interference on the SKA and other radio astronomy facilities.

Spatial planning

Municipal Systems Act of 2000
NEMA: EIA Reguldions, 2014

Enable coordinated service delivery and development between the three spheres of government and
players within a municipal area, to 1) improve quality of life, 2) support sustainable developme
transformation, and 3) facilitatdemocratic and muksector planning processes. The municipal Integr
Development Plan (IDP) addresses current and future societal needs within the context social and €
systems in which they exist. All project and activities related to infretstre, land development, servi
delivery, as well as land and environmental management within any area needs to form part of the relg
and associated sector plans and infrastructure investment frameworks.

The Spatial Planning and Land
UseManagement Act of 2013
(SPLUMA), NEMA: EIA
Regulations, 201,4Vestern
Cape Land Use Planning Act,
2014 (LUPA)

Makes provision for the establishment of a planning instrument to enable focused temporal ang
coordination of governance and investmenioas in and between different spheres of government, w
areas with unique, but interrelated, attributes or development challenges that span more than one mu
and/or province. Since the advent of the SPLUMA in 2013, and in line with a sefesnouncements by th
Constitutional Court since 2010, the locus of land use change approvals is the municipality. The dec
other national or provincial departments may not overturn that of the municipality.

Land Use Planning Ordinance,
15 of 1985

In the Northern Cape, the Northern Cape Planning and Development Act (NCPDA) of 1998 was prom
The three affected provinces are, however, each at different stages in evolving from a legal position

LUPO to one that is in line with SPLUMAThe Western Cape already has new legislation in place (LUPA
an accompanying set of Land Use Planning Regulations (2015)), while the Northern and Easte
provinces have draft legislation that is being considered in each of the respective gravirthe absence ¢
new provincial legislation and until such time as the municipalities have municipal planning bylaws in
the former LUPGbased (or NCPDMased in the case of the Northern Cape) system stays in effec
repealed by provincialayernments as set out in the Guideline on Transitional Measures (DRDLR, 2015)

Development Facilitation Act o

These legislation have allowed for a range of plansiavestment instruments to be put in place to gy
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Issue

National policy, plans and
legislation

Relevance to shale gas exploration and production and comments on the existing regulatory framework

1996 and Intergovernmental
Relations Framework Act of
2005 NEMA: EIA Regulations,
2014

development and bring about more effective intergovernmental and spatial alignment within the g
system

Spatial and integrated
development planning and
governance instruments
NEMA: EIA Regulations, 2014

Integrated and strategic national, local and regional plans are developed for every local and district mu
in the study area, and the Provincial Growth and Development Strategies and equivalent plans w
Western Cape, Easnh Cape and Northern Cape Provinces. Integrated Spatial Development Fram
(SDFs) guide spatial development within national, provincial, regional, local and precinct scales. Whi
are in place for all three provinces as well as relevant distnidtlocal municipalities, most of the local &
district plans require an update to ensure that they can fulfil the functions and purposes as set out by re
developments and regulations. Integrated provincial and municipal sector plans intcegtatéa housing
plans, integrated transportation plans and integrated disaster management plans. Integrated if
frameworks i.e. Integrated Infrastructure Investment Framework (provincial and municipal), Capital Inve
Framework (municipal) andpatially targeted budgeting instruments were introduced by National Tre
Land use management schemes which are largely in place for towns, and in most cases require
develop for the full extent of the municipal area, need support to eakgnenent with SDFsand EMFsand
support with the preparation of relevantlays to guide development. In the Western Cape, the Laings
Prince Albert and Beaufort West Local Municipalities (amongst others) have all adopted munielipak |
enabling lUPA.
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3. ACTIVITIES ASSOCIATE WITH EXPLORATION
AND PRODUCTION

3.1 Typical Shale Gas Project Life Cycle

Mining projects are typically divided into three distinct stages: Exploration, production and
decommissioning. The typical shale gas @cbj assumes five stages: Exploration, appraisal,
development, production and decommissioning. The first two stages of a shale gas project (i.e.
exploration and appraisal) l ead to a decision
economic feasihily, where investment choices are made about whether or not to proceed to the next

stage or not. These decisions are informed by technical and economic criteria, among other factors.

Figure 3061: Typical life cycle of a shale gas project. The indicative timelines are associated with shale gas
exploration and production activities characteristic of the USAand do not consider the geological complexity of
the Karoo Basin nor the timing associated with the regulatory and baseline monitoring requirements that would

be required in the South African context.
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The foremost priority for South Africa is the accurate determination of the quantity of potentially
recoverable shale gas and the protection of the resowlgels sustain the Central Karoo. The former
can only be achied through modern explorationBased on the Scientific Assessment and in
concurrence WittASSAf (2016) we recommend that the governmestess the option of dividing
(Phase |

linked by continuous environmental monitoring and adaptive management. In this way, exploration is

exploration licencing intdwo distinctp has e s AExXpl orationo

detached from production via continuous environmental imasgtssmenthat can acaant for the

environmental and operational baseline data obtained during Phase 1. Considering this
recommendation, the typical stagesti@ditional mining projects, relative to the typical shale gas
development project lifecycle are provided in Tal@3d which proposes two phases (Phase |
Phase |1

procedures. Tabl&-1 also provides the timing of the stages and the nature of activities associated

AExpl orationd and

fiApprai sal 0) prior

with each of the stages.

Table 301: The typical stages of a mining project in comparison to a shale gas exploration and production
project with suggested regulatory phasing, timing and the nature of activities. Note that the drilling of horizontal

wells and hydraulic fracturing mark the beginnir
Typical
SIEES ofa Exploration Production Decommissioning
mining
project
Typical _shale Exploration Appraisal Development Production Decommissioning
gas project
Suggested
regulatory Phase | Phase Il Small Gas 5 tcf| Big Gas 20 tcf Decommissioning
phasing
Timeframe
typl'cal Of. 3-5 years 3-5 years 10 Years 10 years 10 years (J.r legacy
projects in the monitoring)
u.s
Review of For > 50
. wellpads, EIA
exploration data -
EIA for limited for largescale
EIA for Phase I| from Phase |, . ’
. production production EIA for
and review and ) - . S
e wellfield, wellfields (in decommissioning,
Regulatory commencemer consolidation of ; . : LS
i X baseline the region of | continued monitoring
checks t of baseline | baseline data fof - )
o monitoring, 400 wellpads), | according to closure
monitoring for Phase Il, EIA . : .
ongoing baseline EMPTr requirements
Phase I for Phase |, A o
. monitoring monitoring,
ongoing .
2 ongoing
monitoring -
monitoring
2-D seismics 3-D seismics 3-D seismics 3-D seismics Gas flow suspension
3-D seismics Vertical wells Vertical wells Vertical wells Well closure
Vertical wells | Horizontalwells | Horizontalwells | Horizontalwells Well plugging
Nature of Roads Hydral_Jllc Hydral_Jllc Hydral_Jllc Site clear up
o fracturing fracturing fracturing
activities Production
Trucks Trucks Roads Roads .
infrastructure removeq
Water Water Trucks Trucks Rehabilitation
management management
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Typical
SElEs e Exploration Production Decommissioning
mining
project
Waste Water Water
management management management
Waste Waste
management management
Flaring Flaring
Gas
ma!\;agijseurenen ¢ . COmMpressors
Flaring Gas2Power
Gas plants
compressors Powerlines
Pipelines
Water treatment]
facilities

3.2 Exploration and Appraisal Activities

3.21 PhaseliExpl orationbo

During Phase Exploration, the subsurface distribution of gabal es and | ocati on
would be determined to establish with greater accuracy the total potential recoverable shale gas using
seismic surveys and the drilling of stratigraphic wells. The sectitiich follow provide a summary

of the key activities associated with Phase | Exploration.

3.2.1.1 Seismic Surveys

Seismic surveys involve mapping and imaging the-suface geological structures. They are
typically conducted in a phased manner during exploration and also in stages during development of
gas fields for production. Regional seismic surveys, usually demg twodimensional (D)

seismic acquisitions, are normally conducted during initial exploration campaigns with the aim of
furthering understanding of the sabrface geological structure and identifying prospective zones for

the next phases of expldi@n. More sophisticated thremensional (D) seismic surveys are
typically commissioned during subsequent stages of exploration and/or production planning. The
intensity of the surveys (e.g. density of seismic lines that are surveyed on a’gmasigntends to
increase for each subsequent stage of seismic exploration, especially as areas are prioritised for

drilling.

A seismic survey is in effect an echo sounding technique. An acoustic pulse is initiated from a surface

location, with reflection occuing at the boundaries of rock layers. This results in the seismic pulse
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traveling upwards as a reflected wave. Thesutiace response is recorded by an array of receivers
placed on the land surface. Travel time to the reflectors and the velocity aigptimm of the
reflected pulse are analysed to develop a picture of theistdce geology.

The main approaches that would apply to gathering seismic data would include theishotethod

and the use of vibroseis trucks. The ghoint method of creaig shock wave energy is used,
amongst other reasons, in areas where the deployment of vibroseis trucks is not an option. The
vehicles used for a shpbint seismic programme include a number of trumktrackmounted drill

rigs, a recording truck and smal light pickups or stakbed trucks for transporting crew and light
equipment. The drilling rigs create smdlhmeter holes 3 to 8 m deep. Different shot hole depths are
associated with different charge sizes that are used. Drilling water, when nisaat#tdined from the
nearest licenced source. To avoid contamination potentially attributable to the explosives that are
used, watebearing zones are sealed with gravel that is either poured directly down the hole or is
placed dowrhole in biodegradableardboard 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 Haleld with drill cuttings (the material
excavated fronthe 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 areigifezed (and/or effects
measured) using a radamntrolled 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 heal above ground a dull thud

Vi brator or O6vi br os esowd dourcesc(kigu@?) desigaed toadawhyaviths e i s mi
the need to drill shot holes and the complex process of detonating explosives, and to reduce safety and
security risks relative to thehotpoint method. These advantages are, however, offset by other
impacts on the environment (e.g. vehicle passage width, which exceeds that of vehicles used for the
shotpoint method). The trucks can be equipped with special tyres or tracks for deplaymaeange

of environments; although terrain canpiose limits to their operation

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 tiserfate. The vehicle
operator can make the piston and baseplate assembly um and down at specific frequencies

thereby transmitting energy through the baseplate and into the ground. Vibroseis trucks can be
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employed individually or as a group, often with four or more trucks operating simultaneously. After
the prescribed numberf sweeps is completed, the baseplates are raised and the vehicles move to the
next location, ypically a distance of 280 m

Figure 382: Seismic vibration (vibroseis) truck

The objective of an initialedsmic acquisition programme in the study area would be to contribute to

the understanding of the sshrface geology of the Karoo Basin including its depositional
environment, the tectonic activity that it has been subjected to and the presence ofilgngsiass

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 exploratiomcluding drilling programmes. Initial seismic operations
would likely be completed in the first 3 years following the issuandeRs This could be followed

by subsequent surveys conducted over a number of years, throughout the development and production

cycle’.

Only a fraction (< 0.0001) of the study area would be impinged upon directly through surveys
conducted along quite widely spaced grids (e.g. 10 km spacing for a regiDnslirey) of seismic

lines (< 5 m wide, which is the width of the vehildat traverse the lines). Exclusion areas would
include municipal areas, conservation areas, wetlands and riparian zones, restricted activity zones and
topographically complex landscapes, for example, where slopes excéed@Hd® are likely to be

othe exclusion areas, discussgdSection6.1.1.1 A closer grid spacinge.g. 1 km or narrower)

would be used for targeted areas, whel furveys are commissioned.

! Companies generally complete the majority of spatially extensive seismic vatikaly quickly so that drilling options

can be determined early in the development process. They usually commission additional concentrated seismic work later
when there is need to focus on a specific area/region.

8 Slopes in excess of 10° would pracligée extremely difficult to traverse in the course of seismic operations.
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Various towns distributed across the study area would be used to support the seisyiacsivities,
including offices for project administration, accommodation of personnel, equipment storage and
staging areas for equipment destined for deployment in the field amqgtquessing and temporary
archiving of seismic data. For a proportion gfeations, in isolated areas, mobile camps in the
immediate vicinity of operations might serve as operational bases for the seismic teams. The key
sources of impacts associated with seismic surveys are:

1. Clearing of seismic lines (minimal if wireless tecloyy is used optimally);

2. Vehicle and pedestrian traffic traversing the seismic grid; and

3. Noise emissions.

3.2.1.2 Stratigraphic Wells

Following seismic exploration, establishing the presence and potential yield of hydrocarbon reserves
is achieved through drillingtratigraphic wells. The objectives of drilling a vertical stratigraphic well
or set oWelwled d s3-3a®BEG gur e

9 Correlate stratigraphic and structural records to seismic interpretations;

Identify freshwater aquifers, drilling hazards dndirocarborbearing zones;

1 Confirm predicted organidch shale formation packages that might be anticipated, identify
new potential target zones and identify existing fractures;

T If encountered, evaluate the thermal maturity, presence/absence of fragasresntent, gas
saturation (free and adsorbed), gas composition, mineralogy, porosity and permeability of the
hydrocarborbearing shale unit/s (using cores, electric logs and other means).

=

Drilling is initiated by lowering a drill bit through a conductpipe 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 6cuttingsé6. Drilling fluid, of t en
functions inclding providing hole stability, the entrainment and transport of drill cuttings to surface

and circulating drill gas out of the hole. Drilling fluid is prepared through the addition of various

compounds and chemicals to water that is supplied to site.

Cenent is 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 preststto enste that there is adequate structural integrity

at the bottom of the casing or casing shoe. 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 hydrocarbotearing formations to prevent cressntamination.
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Petraphysical evaluation of the formations penetrated by the well is carried out during the course of
drilling operations. Open hole wireline logging involves lowering diagnostis t@n an electric cable

into the uncased hole. The ultimate goal is to determine the fluid/gas content 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 atalinform future exploration, development and production decisions and

activities.

3.2.2 Phasellfn Apprai sal o

Hydraulic fracturing marks the start of Phase Il, before and during which a new EIA should be
conducted, inclusive of-B analyses based on continuowsvd the hole data acquired during the
drilling of vertical wells. No hydraulic fracturing should be permitted within 1 500 m of the surface
until hydraulic fracturing and casing technologies improve to the point where it can be clearly
demonstrated thatush technologies are able to prevent groundwater pollution caused by rock and
technology failure. Limited muHilirectional hydraulic fracturing at selected wellpads will be needed
during Phase Il to evaluate the retrieval success of the shale gas amdfibiently the gas can be

extracted to determine its economic return, and its status as gas reserve (ASSAf, 2016).

3.2.2.1 Appraisal Wells

If the results of tests from stratigraphic wells invite further investigation and following a new EIA
permitting process foPhase Il, additional appraisal wells will be drilled nearby. These wells are
planned to yield increasingly detailed information on the properties of the target formation. An
apprai saWelwled) i(fiYycreated in a sihmivlieart-wedy 03y i Xa
and, typically, horizontal sections. In order to drill horizontally, directional drilling methods are used.

In the region of 10 to 15 of horizontal laterals can be drilled from the same vertical wellbore.
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*Original proposed well (in yellow) will be moved within the same farm if the geophysical campaign revealed the presence of dolerite sill
Figure 383: A stratigraphic -well 6findiaavedtbgadbXwell dril
samples, ideally from the target formatiowel AD)appraai sal dw

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 wel-WeKkiadicatedbpecd&d to

3.2.2.1.1 Hydraulic Fracturing

On completion of drilling, the rig is removed and the site is prepared for dlgdfeacturing. Well

hydraulic

fr

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 foeate thecasing (Figure3-4).
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Figure 364: Schematic illustration of a horizontal wellbore with perforations through which fluid is
transmitted into the surrounding shale (Burns et al., 2016).

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 surfacaewtiee pumping unit and other
equipment are attached to the wellhead; pumping of hydraulic fracturing fluid to increase the

hydraulic pressure then begins.

3.2.2.1.2 Hydraulic Fracturing Fluid

The hydraulic fracturing fluid is injected down the wellbore at a pressiubetween 400 and 600 bar

(407 60 MPa). The fluid migrates through the perforations in the well casing and cement into the
reservoir rock to create fractures that are typically @m in width, close to the wellbore. The
fractures become narrower agyhextend outwards for distances of up to about 300 m from the
wellbore. The hydraulic fracturing fluid is made up of more than 90% water, with the balance
comprising proppant (sized particles, either ceramic beads or high silica sand) and other adudtives.
proppant that is pumped into the fractures holds them open when the hydraulic pumping pressure is
reduced. Gas that is released in the process flows out of the shale to the surface via the wellbore. In
terms of the MPRDA technical regulations, an Bxation or Production Right holder required to
disclose the fluids, chemicals and other additives used in hydraulic fracturing to the competent
authority (MPRDA Regulations for Petroleum Exploration and Production, 2015: Chapter 9,
Subsection 113). The usé Material Safety Data Sheets is a common means of communicating this

information.
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3.2.2.1.3 Proppant

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 sowheoo 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 shale gas extcion 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 hydraulic fracturing by road or rail. For the Smalhd Big Gas snarios outlined in, 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 geologwynd transported to the study area.

3.2.2.1.4 Water Requirements

According tothe industry, the volume of water used to effect hydraulic fracturing within the study
area, for example, within a well comprising 8 m vertical and 1 000 m horizontal section would
amount to about 6 000 *mWater requirements for hydraulic fracturiogn be much higher, with

some reporting that the volumes used in wells drilled within

the US Marcellus formation, with a5D0 m vertical section
Box 2: Water supply alternatives for

shale gas exploration and production
38000 m. Vertical shale gas wells typically us Supply options could include:

appoximately 2000m® of water, whereas horizontal wellf T Localnon potablegroundwatern
the proximity of wellpads

typlcally use between 1@00 and 2900 n?per well. Water 1 Groundwater/surface water oldig
theshale gadicence areas

i Desalinated sawaterfrom the

fracturing of individual wells range from 130 to 30000 coast, trucked, piped or transporte

3 via freight rail.
m”. The volume of water used depends, amongst Of q § Gr e y 6or waste veater (e.g.

and a 980 m horizontal section, ranging fromiOD to

requirements reported in the literature for hydrau

factors, on well characteristics (depth, hole sizes treated Acid Mine Drainage)
sourced either within or outside the
conditions, horizontal lateral length) and the number shale gadicence areas.

fracturing stages within the well. Although oil and g&s
developers aim to reduce freshwatensumption through water-tese and use of waste water from
other sources, in current practice freshwater still comprise308 of the water used for hydraulic

fracturing.
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Source: Range Resources Corporation

Figure 305: Example of the relative composition (% contribution to total volume) of compounds comprising a
typical batch of hydraulic fracturing fluid (Burns et al., 2016)

Phase Il includes planning, site preparation, drilling, hydraulic fracturing andtdlsting would
proceed for ach exploration and appraisal drilling campaign and involves the following key
activities:

1 Clearing of wellpad areas and the crew accommodation sites.
Construction of new access roads to wellpads and temporary infrastructure.
Road transport to the wellpathd ancillary equipment.
Sourcing and supply of potable water for domestic use.

Sourcing and supply of process water to prepare drilling mud and for hydraulic fracturing.

=A =4 =4 =4 =

Process water treatment for recovery-yse as drilling and hydraulic fracturintuitl) and
disposal of process waste (e.g. sludge recovered from flowback) and produced water.
Drill cuttings disposal.

Domestic and solid waste management.

Hazardous waste management (additional to waste process water and solids).

Flaring of gas during dting and weltflow testing.

Noise and light emissions.

Decommissioning, including removal of equipment and infrastructure from site.

Employment, personnel logistics, and labour negotiations.

= =4 =4 4 4 4 -4 I

Management of safety, security and medical/health.
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3.2.3 Developmentand Production

Following hydraulic fracturing, surface equipment is installed on the wellpad in order to allow it to be
O6produced®éd. | n t h-testing, dhe predeicedogas maw betflared! Well edting is
normally conducted for 30 to 60 daysith flaring undertaken for 30 days or less. Development and
production would proceed based on the results of the most successful of appraisal campaigns that are
undertaken. Activities associated with development and production would be contained within
production blocks measuring in the region of 30 x 30 km.

It is likely that a significant proportion of activities undertaken to support production would be
initiated immediately following exploration and appraisal to accelerate monetisation of the gas to
offset these 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 around 10 years. Ongoing drilling, comipletand 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 forseveral years as additional horizontal wells and/or horizontal laterals are drilled and

hydraulic fracturing is undertaken to maintain a supply of gas at the required level.

Production from shale gas wells typically declines rapidly after-gparCalclations are made of the
estimated recovery 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 anicular level of gas production.

Development would continue 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 enebdirilling 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 theflowetiack

water, including produced water). Water would be recovered faseeand the waste separated from

the flowback for disposal. The activities associated with appraisal are replicated for the production
phase, but at different volume and intensitgles depending on the scenario of production, ranging

from 5 tcf to 20 tcf of Economically Recoverable shale gas.
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3.2.4 Decommissioning

On completion of production, gdlew is suspended, surface equipment is disconnected and
demobilisation proceeds. The #kon to either suspend or permanently decommission (plug and
abandon) is based largely on test results. Well suspension is affected by closing the valves on the
wellhead to prevent product flow to surface; gauges are installed to detect possible changes i
pressure that could be indicative of a leak. For final decommissioning, cementing of the well bore is
undertaken from the furthest point to surface. This aims to ensure that all hydrecardomater

bearing zones are isolated to prevent cross contéionnar 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) (see
http://www.api.org/~/media/Files/Policy/Exploration/API_RP_51R)pdf

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 achistarpesce
landform states, with vegetation-established in accordance with EMPr specifications and relevant
prescribed regulations. Baseline environmental studies underfakadvance 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 commitmés to ensure there is no ssbrface 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.
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4. THE CENTRALKAROO

4.1 The Sensitivity of the Receiving Environment

The Centr al Karoo is a special and even d6dmagi ca
many people from around the world. The region includes relatively high levels of biodiversity
(Holness eal., 2016), unigue heritage features (Orton et al., 2016) and scenic hotspots (Oberholzer et

al., 2016) which make it an attractive region to a growing niche tourism market (Toerien et al., 2016).
The peace and tranquillitsy)(®@Theda hMo tCheinntgmds skba rc
important to tourists and their experience of the region (Toerien et al., 2016; Seeliger et al., 2016).

On the other hand, economic growth and adaptability to economic change varies across the Central
Karoo. The rgion has high levels of poverty, inequality and limited opportunity for local inhabitants.
Poverty rates in the Central Karoo are in the region daf 80%, with high levels of inequality. Most

of the Human Development Indices range between 0.5 and Oié) vghfairly consistent with the
national average for rural areas in South Africa. Dependency ratios (in other words, -therkiog

age population dependent on working age population) ranges from aroiir@2%b (Atkinson et al.,

2016).

The Central Kaso is a semiesert environment, with a mean annual precipitation that ranges from
100 mm in the west to 400 mm in the east. This assigns a premium value to freshwater resources that
are critical, for example, for sustaining local communities and theililivods. Water availability in

the Central Karoo is severely constrained. With surface water availability generally low, Central
Karoo landowners are mainly reliant on groundwater resources for domestic, stock water supplies and

the sustenance of local@mmic activity like agriculture (Hobbs et al., 2016).

The majority of the land in the Central Karoo is occupied by relatively large commercial farms used
for domestic livestock grazing, with smaller areas used for game farming, communal farming or
biodiversity protection. Agriculture in the western areas focuses on small livestock for meat and wool
production, with a shift evident toward agwiocessing and the use of crop types more resistant to

lower rainfall (Burns et al., 2016).
The region is not atatic system its social, economic and biophysical characteristics are changing.

For example, there are notable trends in human migration into and across the region (Atkinson et al.,

2016), there are novel economic developments materialising, such @ewnargy farms (van Zyl et
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al., 2016) and the SKA (Tiplady et al. 2016), there are increased tourism initiatives antdand
changes from traditional agriculture to game farming andt@wasm enterprises (Toerien et al,
2016). Global trends, such a$inmte change, will also have impact on the Central Karoo as
temperatures are expected to increase, in the regiof20fC] with a significantly higher number of
very hot days likely to be experienced (temperatures are exceeding 35° Celsius) (Bur@®Esl.

Based on a number of the special features of the Central Karoo, spatial sensitivity maps were
developed for:

1.) Local community exposure to diminished air quality mapped around existing towns and
populated areas which does not account for isolamullations, farms, homesteads etc.
which may be encountered in tfegion (sed-igure 41)

2.) Local community exposure to increased seismic activity (M>5) mapped around existing
towns and populated areas which does not account for isolated populations, farm
homesteads etc. which may be encountered in the regioRi(gee 42)

3.) Groundwater and surface water resources based on water supply wells and boreholes, distance
to shallow groundwater, springs, watercourses, recharges zones, dykes and other geologica
features (seBigure 43)

4.) Biodiversity and ecology based on the outcomes of the Bioblitz, see Appendix 2, considering
habitat for rare and endemic species, features that perform critical ecological functions such
as wetlands, springs, Critical BiodiveaysAreas, Protected Areas etc. (§égure 44)

5.) Agriculture based on metrics calculated at a quaternary catchment scale for land capability,
grazing land, surface water, rivers, dams, irrigated land and cultivated fieldSgsex45)

6.) Tourism based orhe number of enterprises in important town and scenic routeiaae
4-6)

7.) Visual, aesthetic and scenic resources based on topographic features, surface water, cultural
landscapes, Protected Areas, human settlements, major roads, sites of opticali@nd ra
astronomy (seEigure 47)

8.) Heritage features based on archaeology (including graves) and palaeontological resources
(seeFigure 48)

9.) Electromagnetic and optical interference with the development of the SKA and existing

Sutherland Large Telescope (SBL(seeFigure 49)
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4.2 Spatial Sensitivity Analysis

Table 401: Rational and sensitivity class criteria for spatial sensitivity per topic

TOPIC, RATIONALE AND CRITERIA

SENSITIVITY

AIR QUALITY: LOCAL COMMUNITY EXPOSURE

Proximity to towns / highly populated areas
Protect against exposure to harmful air pollutants.

Within 5 km
Within 10 km

Within 15 km
Beyond 15 km Low

EARTHQUAKES: LOCAL COMMUNITY EXPOSURE

Proximity to towns / highly populated areas
Protect against loss of life and structural damage to buildings in towns densely populated -ampddnyitonments.

Within 10 km

Very high
Within 20 km
Within 30 km Medium
Beyond 30 km Low

GROUND- AND SURFACE WATER RESOURCES

Water supply wells
Protect current known water supply wells against contamination and/eabs®action, especially in areas dependent on groundwater and i
of climate variability and associated droughts.

Very high

Groundwater < 10 m
Very susceptible to contamination due to shorter distance to saturated zone / water table.

Very high

Thermal springs
Thermal springs usually closely associated with deeper geological structures: faults, folds, dykes.

Very high

Cold springs
Possible vertical / horizontal connectivity between surface water and groundwater resources. Preferential pathwaysirfiatioontenassociate

Very high
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TOPIC, RATIONALE AND CRITERIA SENSITIVITY

geological structures.

Watercourses, wetlands, dry river beds and high flood risk areas
High sensitivity in arid environments with high climatic variability, important / sole water supply in some areas.

Fold axis
Possible preferential pathway via associated fracture zones.

Artesian boreholes
Possible connection between deep simallow aquifers and preferential pathways for contamination, apply precautionary principle.

Fault / shear zone
Possible preferential pathway via associated fracture zones.

Undifferentiated geophysical anomaly
Possible preferential pathway. &@xtent of features unknown, therefore apply precautionary principle.

Artificial recharge zone
Protect for possible future storage, groundwater storage areas will become more important in future in South Africa.

Kimberlite pipe Medium
Possiblepreferential pathway for contamination movement.

Dolerite dyke Medium
Possible preferential pathway for contamination movement.

Dolerite sills Medium
Possible preferential pathway for contamination movement.

Diatreme . _ o Medium
Represent possibfgeferential pathway for contamination movement.

BIODIVERSITY AND ECOLOGY

Ecological and Biodiversity Importance and Sensitivity Class 1
Areas that contain extremely sensitive features, such as key habitat for rare, endemic or threatenedrsfestiggs that perform criticd
ecological functions. These sites are irreplaceable (i.e. no ecologically equivalent sites exist and there is no exthbetyesdil sites). )
1 Wetlands, springs (including intact buffers) Very high
1 Specific sites important forhreatened species and for rasgstricted endemic or neandemic species (fauna and flora)
1 High priority habitat for Threatened species or for raregtricted endemic or neandemic species

Ecological and Biodiversity Importance and Sensitiity Class 2
Areas that contain highly sensitive features and/or features which are important for achieving targets for representngjtyiadd/or
maintaining ecological processes. These areas represent the optimal configuration for securingethecpgygstems and ecological processe
the Karoo.
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TOPIC, RATIONALE AND CRITERIA

1 Rivers and associated habitats (including intact buffers)

1 Special habitats e.g. rocky outcrops, escarpment areas, riparian vegetation

1 Sites selected through a systematic biodiversity planning prdoesseet targets for terrestrial or aquatic ecosystems in an effi
configuration that aligns with other biodiversity features and priority areas Incorporates all FEPAs, both rivers ansl wetland

1 Includes CBA 1 from relevant provincial biodiversity plans

9 Buffers around protected areas (intact areas)

1 United Nations Educational, Scientific and Cultural OrganizitidESCO)Biosphere Reserve

Ecological and Biodiversity Importance and Sensitivity Class 3
Other natural or semmatural areas that do nobntain currently known sensitive or important features, and are not required for meeting tar
representing biodiversity or maintaining ecological processes.

SENSITIVITY

1 Severely modified areas that retain some importance for supporting ecological processagieltural fields within buffers around rive, Medium
and wetlands)

1 Natural habitat which is not irreplaceable and has not been selected as part of the optimal sites

Ecological and Biodiversity Importance and Sensitivity Class 4

Areas in which theres no remaining natural habitat, e.g. urban areas, larger scale highly degraded areas, large arable intensively farmed Low

1 Areas that have been severely or irreversibly modified and that are not important for supporting provision of ecologgsalsproc

AGRICULTURE (Features equally weighted to determine sensitivity at quaternary catchment scale)

Soil, Climate and Terrain
Protect areas with high land capability for possible agricultural production.

Land capability evaluation classes 80

Land capability evaluation classes B

Land capability evaluation classes 3

Very high

Medium

Land capability evaluation classes 2

Low

Grazing Land

Protect areas with good grazing potential

2.57 10 Ha/LSU

117 30 Ha/LSU

317 60 Ha/LSU

Medium
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TOPIC, RATIONALE AND CRITERIA SENSITIVITY

617 140 Ha/LSU Low

Surface water (Rivers and dams)
Protect water resources for agricultural use

Rivers

>201 km per quaternary catchment Very High

1017 200 km per quaternary catchment

517 100 km per quaternary catchment Medium
07 50 km per quaternary catchment Low
Dams

1471 29% per quaternary catchment Very High
27 4% per quaternary catchment

1 - 1.9% per quaternary catchment Medium
<1% per quaternary catchment Low
Irrigated land

Protect irrigated land

80371 4077 ha per quaternary catchment Very High

1547 802 ha per quaternary catchment

257 153 ha per quaternary catchment Medium

07 24 ha per quaternary catchment Low

Cultivated Fields
Protect cultivated fields

10751 4077 ha per quaternacatchment

10741 272 ha per quaternary catchment

27171 58 ha per quaternary catchment

Medium

—
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TOPIC, RATIONALE AND CRITERIA SENSITIVITY
071 57 ha per quaternary catchment Low
TOURISM

Mountain passes and O6poortséo
Protect integrity of tourism infrastructure and experiences

Very high

Tourism routes
Protect integrity of tourism infrastructure and experiences

N9 Very high
N1 and N10

Tourism Towns

Protect integrity of tourism infrastructure and experiences

GraaftReinet NieuBethesda, Prince Albert, Sutherland Very high

BeaufortWest, Carnarvon, Colesberg, Cradock, Jansenville, Laingsburg, Loxton, Merweville, Middelburg, Murraysburg, Pearstonw@Qu
Richmond, Somerset East, Victoria West, Williston,

Aberdeen, Burgersdorp, Fort Beaufort, Fraserburg, Hofni@aplaat, Lady Frere, Noupoort, Steynsburg Medium

VISUAL, AESTHETIC AND SCENIC RESOURCES

Topographic features
Relates to significant landscape features of scenic or natural heritage value.

Actual feature / receptor

Within 500 m
Within 1 km Medium
Beyond 1 km Low

Major rivers, water bodies (vleis, wetlands, dams, pans)
Scenic and recreational value.

Actual feature / receptor

Within 500 m
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TOPIC, RATIONALE AND CRITERIA

SENSITIVITY

Beyond 1 km

Low

Cultural landscapes (incl.cultivated lands)
Rural scenic value and possible historical or heritage value.

Actual feature / receptor

Very high
Within 500 m
Within 1 km Medium
Beyond 1 km Low

National Parks
High wilderness and scenic value, including dark skies at risghntsitive tourist receptors.

Actual feature / receptor

Within 5 km

Within 7.5 km or viewshed

Very high

Medium

Beyond 7.5 km

Low

Nature Reserves (Provincial and Municipal reserves)
Wilderness and scenic value, including dark skies at night. Sensitive visitor receptors.

Actual feature / receptor

Within 5 km

Within 7.5 km or viewshed

Very high

Medium

Beyond 7.5 km

Low

Private reserves (incl. game farms, tourisaccommodation)
Wilderness and scenic value. Sensitive visitor receptors. Important for local tourism industry.

Actual feature / receptor

Within 2.5 km

Within 5 km or viewshed

Very high

Medium

Beyond 5 km

Low
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TOPIC, RATIONALE AND CRITERIA

SENSITIVITY

Human settlements (towns andillages, excl. farmsteads, rural kraals)

Visually sensitive residents and visitors. Relates to property values. Subject to Integrated Development Plans, zoninanschglmss.

Actual feature / receptor

Within 5 km

Within 7.5 km orviewshed

Very high

Medium

Beyond 7.5 km

Low

National and Provincial roads (major arterial routes)
Visually sensitive commuters, residents and visitors within the view corridor.

Actual feature / receptor Very high
Within 1 km

Within 2.5 km Medium
Beyond2.5 km Low

Scenic routes, mountain passes and 6époortséd

Visually sensitive visitors and tourists within the view corridor. Possible historical or heritage value.

Actual feature / receptor

Within 2.5 km

Within 5 km or viewshed

Very high

Medium

Beyond 5 km

Low

Passenger rail lines (commuter and tourist routes)
Visually sensitive commuters and tourists within the view corridor.

Actual feature / receptor Very high
Within 1 km

Within 2.5 km Medium
Beyond 2.5 km Low
SALT
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TOPIC, RATIONALE AND CRITERIA

SENSITIVITY

The Sutherland Core Astronomy Advantage Area. All land in the Northern Cape within an annulus of inner radius 3 km eadlusu?ér km
centered on the dome of the SALT

HERITAGE

Archaeology (including graves)
Protect archaeologicakritage resources.

Uplands: Variable topography, rock outcrops, river valleys, cliffs and high lying interior plateaus with dolerite dykassand p

|

Low foothills: Base of the escarpmenplain’khere it is not mount

Medium

Plains: Very flat land that stretches with little interruption and no topography

Low

Palaeontology
Protect palaeontological heritage resources.

High likelihood of fossiliferous geological units basedtbaSouth African Heritag®esources Information SystéBaHRIS)

Medium likelihood of fossiliferous geological units SAHRIS Medium
Low likelihood of fossiliferous geological units SAHRIS Low
ELECTROMAGNETIC INTERFERENCE

Separation distances from SKA antennae

Protect radiastronomy from interference

22 km Very high
29 km

33 km Medium
38 km Low
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4.2.1 Sensitivity of inhabitants to diminishedimquality
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Figure 401.: The sensitivity of local community exposure to diminished air quality mapped around existing towns and populated areas know at this GIS scale. The map does
not account for isolated and rural populations on farms, homesteads which will be encountered in the Central Karoo and will h ave to be assessed ona case by case basis.
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Figure 4062:
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4.2.3 Groundwater and Surface Water
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Figure 403: Groundwater and surface water resources based on water supply wells and boreholes, distance to shallow groundwater, springsywatercourses, recharges zones,

dykes and other geological features.
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4.2.4 Biodiversity and ecology
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Figure 4064: Biodiversity and ecology based on the outcomes of the Bioblitz, see Appendix 2, considering habitat for rare and endemic spedes, features that perform critical

ecological functions such as wetlands, springs, Critical Biodiversity Areas and Protected Areas.
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4.2.5 Agriculture

Figure 4085:
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Agriculture based on metrics calculated at a quaternary catchment scale for land capability, grazing land, surface water, riers, dams, irrigated land and
cultivated fields.
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4.2.6 Tourism
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Figure 406: Tourism based on the number of enterprises in important town and scenic routes.
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4.2.7 Visual, aesthetic and scenic resources
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4.2.8 Heritage (archaeology and palaeontology)

Figure 408: Heritage features based on archaeology (including graves) and palaeontological resources.
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