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Unconventional gas
Coalbed methane
Shale gas

Diagram would fit
in the space
allocated here

CBM production well in the Bowen Basin (photograph
taken by Prof Danie Vermeulen - courtesy of Origin
Energy).

AER. (2013)
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“The human influence on the global
hydrological cycle is now the dominant
force behind changes in water resources
across the world and in regulating the
resilience of the Earth system”
U.S EPA. (2016)
Rockström et al (2014)
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Linkages between water resource systems and
unconventional energy development
Risk Assessment Process
•Baseline data
•Hydrologic models
•Water budget
•Chemical use information
•Risk mitigation and
emergency response

Water availability

Water quality

Wastewater management

•Groundwater
abstraction/depletion
•Local variability in
groundwater levels
•Competing water demands
from municipalities,
agriculture, commercial,
industrial activities
•Potential water allocation
conflicts in water-scarce
and drought-prone
catchments
•Potentially new water
source from produced
water

•Spills and drilling-failures
can lead to environmental
contamination
•Fugitive gases and upward
migration/venting from the
target formation can
migrate through faulty well
casings (e.g., poorly joined
or corroded casings) to
impact groundwater,
surface water, and aquatic
habitats through advection,
dispersion, and diffusion
•Hydraulic fracturing process
can mobilize metals and
radionuclides from the
subsurface
•Stormwater runoff can comingle with flowback and
produced water introducing
contaminants to surface
and groundwater
•Water quality impairment
due to salts, metals, and
other contaminants in
produced water

•Permitting, monitoring and
tracking systems needed to
ensure environmentally
sound treatment,
recovery/reuse, and
disposal
•Chemical, microbiological,
and toxicity analyses and
data management
•Long-term need for
recovery/reuse and
disposal of produced water
•Short-term need for
managing high volumes of
flowback water and
hydraulic fracturing fluids
•Spill control and emergency
response
•Stormwater management
program
•On-site containment
•Chain-of-custody for off-site
transport, treatment, reuse,
recovery, and disposal

Pietersen, K., & Levine, A. (2017)
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Well integrity
•Reliable monitoring of
vertical and horizontal well
integrity is critical during
drilling, hydraulic
fracturing, gas extraction,
closure, and post-closure
•Inspection and emergency
response
•Monitoring wells to detect
groundwater migration
pathways
•Induced seismicity

Potential of South African coalfields for CBM
production
Coalfield

Coal and CBM
potential

Molteno
Vryheid

Amersfoort -Perdekop

Komatipoort

Springbok Flats
Waterberg
Soutpansberg
Tshipise – Pafuri
Hancox, P. J., & Götz, A. E. (2014)
Sandersen, A. (1997)
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Favourable areas for shale gas exploration

Geel, C., De Wit, M., Booth, P., Schulz, H. M., & Horsfield, B. (2015)

6

Group
Drakensberg
Stormberg

Upper Beaufort

Lower Beaufort

Upper Ecca

Lower Ecca

Dwyka

Formation

Depositional Environment
Lavas
Aeolian and playa
Meandering rivers and playa
Braided rivers

Clarens
Elliot
Molteno
Tarkastad Subgroup
Burgersdorp
Katberg
Adelaide Subgroup
Southwestern Karoo
Teekloof
Abrahamskraal
Waterford
Fort Brown
Southwestern Karoo
Laingsburg
Vischkuil
Collingham
Whitehill
Prince Albert

Alluvial fan and braided rivers
Meandering rivers
Southeastern Karoo
Balfour
Middleton
Koonap

Meandering rivers

Delta front sands
Prodelta slope muds
Southeastern Karoo
Ripon

Basin plain turbidites
Marine shales

Glacial diamictites and muds
Scheiber-Enslin, S. E., Webb, S. J., & Ebbing, J. (2014)
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44.5 Tcf

Brownfield et al. (2016)
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As a prelude to potential development
of SA shale gas resources, we
postulate it is critical to develop and
implement effective groundwater
governance arrangements
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Groundwater governance framework
Setting policies:
• The nation establishes
its objectives for
groundwater

Strategic level governance functions:
• Setting up the institutions and instruments
to align stakeholder behaviour and actual
outcomes with policy objectives

Local level governance:
• Organisations and institutions that control actual outcomes
on the ground and which respond in varying degrees to the
rules and incentives from the strategic governance level
Wijnen, M., Augeard, B., Hiller, B., Ward, C., & Huntjens, P. (2012)
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Category

Context

Criterion

Setting policies

Groundwater policies within
overall water policy

Sustainability in quantity and quality
Efficiency in allocation and use within and between sectors

Equity by ensuring fair access and protection of water rights
Cross-sector policy coordination

Strategic level
governance

IWRM
Laws, rights and regulatory
instruments

Incentive framework

Subsidiarity and local water
management
Knowledge and capacity

Local level
governance
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Coordination with other government departments and regulatory
bodies
An IWRM planning function capable of allocating water in line with
society’s policy goals
A framework of laws, rights and regulatory instruments adapted to the
context
Goal-based regulatory framework
Disclosure of hydraulic injection fluid
Compliance monitoring and enforcement
An incentive framework (prices, subsidies, trade controls etc.) that
supports good groundwater management
A framework for subsidiarity and support to local water management

Licenses

Acquisition and management of information and knowledge, and
communication with stakeholders
Research and knowledge production
Education and training
Information and brokerage
Network and service rendering
To detect groundwater pollution
To determine resource status
Review of licenses and setting conditions

Transgressions

Dealing with non-compliant operators

Prevention of pollution

Mitigation options in place

Baseline measurements

Gap
3
3
3
2
3

3
2
2
2
1
3
2
2
2
2
2
1
1
1
1
1

Context
Cross-sector policy
coordination

Criterion
Coordination with other government
departments and regulatory bodies

Laws, rights and regulatory
instruments

Goal-based regulatory framework
Disclosure of hydraulic injection fluid
Compliance monitoring and enforcement

Incentive framework

An incentive framework (prices, subsidies, trade
controls etc.) that supports good groundwater
management

Subsidiarity and local water
management

A framework for subsidiarity and support to
local water management

Baseline measurements
Licenses

To detect groundwater pollution
To determine resource status
Review of licenses and setting conditions

Transgressions

Dealing with non-compliant operators

Prevention of pollution

Mitigation options in place
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Gap

Rank
9
7
8
3

11

10
1
5
2
4
6
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Well Name: J2N0574
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• Spatial and temporal
coverage of the current
network does not
provide statistically
sound data
• Monitoring points are
clustered around
preferred areas of
groundwater extraction,
leading to bias sampling
• Sampling events are also
undertaken too
infrequent to measure
changes at the required
time-scale, in the aquifer

Monitoring parameters
Macro

Trace

Shale tracers

Organics and gases

Radiochemistry and
isotopes

pH

Zinc

Barium

Dissolved Methane

Methane δ13C

Electrical Conductivity

Aluminium

Lithium

Dissolved Ethane

Methane δD

Calcium

Antimony

Strontium

Radon

Water δ18O

Magnesium

Arsenic

Bromium

Volatile organic compounds

Water δD

Potassium

Cadmium

Uranium

Polycyclic aromatic hydrocarbons

DIC δ13C

Sodium

Chromium

Boron

Semi volatile organic compounds

Ammonium

Cobalt

Rubidium

Glycols

Gross alpha radioactivity

Chloride

Copper

Molybdenum

Alcohols

Gross beta radioactivity

Nitrate

Iron

Total petroleum hydrocarbon

Ethane δ13C

Sulphate

Lead

Ethane δD

Phosphate

Manganese

14C

Alkalinity

Mercury

U

Fluoride

Nickel

Noble gasses

Dissolved organic carbon

Selenium

δ11B

DIC

Vanadium

Total Dissolved Solids
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Modified from (O' Brien et al., 2013)

Conclusion: Regulatory guidance
•
•
•
•
•
•

Goal-based regulation
Transparency in decision-making and research
Shale gas development require a sophisticated regulator
Baseline monitoring
Risk Identification and assessment
Water life cycle in shale gas exploration and production
–
–
–
–

•
•
•

Chemical mixing
Hydraulic fracturing
Flowback process and produced water
Produced water treatment and waste disposal

Emergency preparedness
Compliance monitoring and enforcement
Post-closure decommissioning
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