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ABSTRACT

The impacts associated with unconventional oil and gas (UOG) extraction will be cumulative in nature
and will most likely occur on a regional scale, highlighting the importance of using strategic decision-making and
management tools. Managing possible impacts responsibly is extremely important in a water scarce country
such as South Africa, versus countries where more water may be available for UOG extraction activities. This

Box 1: Brief history of oil and gas
in South Africa

In the 1960s the South African
Oil Corporation (SOEKOR)
explored for oil and gas and
could only find low permeability
gas deposits in the shales of
the Karoo basin (De Wit, 2011).
At that stage the technology to
extract these resources did not
yet exist, but with recent
advances in technology (for
example fracking) extraction of
these gas resources has
become more feasible. Since
2011, the South African
government received various
applications to extract UOG by
means of hydraulic fracturing
and other methods. If viable
deposits of oil and gas are
found, it could augment primary
energy sources in South Africa
and possibly displace energy
imports.

review article explains the possible biophysical and socio-
economic impacts associated with UOG extraction within the
South African context and how these complex impacts interlink.
Relevant policy and governance frameworks to manage these
impacts are also highlighted.

Keywords: Review, unconventional oil and gas, fracking,
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1. Introduction

Unconventional oil and gas (UOG) extraction by means
of hydraulic fracturing (fracking), the sustainability of this activity
and the management of its related impacts is a controversial
issue worldwide, as more and more countries plan to extract this
source of energy (Dernbach and May, 2016). This review
outlines the first step that any country needs to take when
considering such an activity, which is to develop an
understanding of the extraction process and stimulation
techniques that are used as well as the possible consequences
related to UOG extraction. An understanding of possible impacts
associated with the extraction process is also paramount to
ensure a proper legal and regulatory framework and the effective
regulation of this activity in order to ensure the protection of
humans and the environment.

Various countries are in different phases of extracting
UOG. For example in the United States, Canada and Australia,
development of UOG resources is at an advanced stage, while
in China and Poland these resources are still being explored.
Other countries, such as Germany and South Africa, are
considering the extraction of UOG and have not yet commenced
with exploration or extraction of these resources (see Box 1 for a

history of oil and gas in South Africa). The extent to which countries around the world are, to varying degrees,
developing their UOG extraction resources, illustrates the importance of this novel oil and gas extraction
technique for future energy security.



Box 2: UOG resources defined

QOil and gas that occur in reservoirs
with a low permeability (usually less
than 1 milliDarcy) and which require
fracking (or another stimulation
technique) for the extraction of
these resources are referred to as
UOG resources.

Unconventional resources may
include shale oil and gas, coalbed
methane (CBM) and tight sand oil
and gas deposits. Although
fracking is the main technique used
to extract oil and gas from shale
gas and tight sand deposits, other
stimulation techniques may also be
used (e.g. acidizing). In coalbed
methane reservoirs,
depressurisation is usually used to
extract the gas and may be used in
conjunction with fracking.

Box 3: Fracking explained

High volume hydraulic fracturing
(fracking) is a relatively recent
stimulation technique that enables
the extraction of oil and gas
resources by enhancing the
permeability of the target oil or gas
reservoir. During hydraulic
fracturing a water, proppant and
chemicals are injected under high
pressure into the reservoir to
enhance reservoir permeability
(Broomfield, 2012) and facilitate
extraction of oil and gas from the
reservoir.

environments.

Since this extraction technique is unprecedented in
South Africa, this transdisciplinary group of authors from
backgrounds in surface water quality, macro-invertebrates, fish,
groundwater, vegetation, seismicity, legal and socio-economic
experts performed research on this topic to understand what the
extraction process entails and also to identify possible impacts
that may emanate from this activity in the South African context.

Review articles that were surveyed focused on the
technical aspects related to fracking such as fracturing fluid
systems and factors influencing fracture propagation (Mahrer,
1999; Rahman and Rahman, 2010; Vatsa and Wang, 2013;
Barati and Liang, 2014;) and the economic aspects of these oil
and gas resources such as resource availability, estimates and
productivity (Clarkson et al, 2012 and 2013; McGlade et al.,
2013). These aspects are all important for the optimization of
production from unconventional deposits. In recent years the
linkages between environmental and socio-economic impacts in
development have come to be considered paramount in ensuring
sustainable human development (DSD 2015; Morton et al., 2009;
O’Riordan, 2007; UNFPA 2012). The purpose of this review
article is to elaborate on the impacts associated with the various
phases of the UOG extraction process.

Such a review of possible impacts may assist
governments in developing proper regulations that are based on
credible scientific knowledge and ensure that cognisance is
taken of the potential negative socio-economic and
environmental impacts of UOG extraction in the interest of
achieving sustainable human development.

2. UOG extraction — understanding the process

A background review on UOG resources (see Box 2)
and its extraction is the first step towards understanding the
complexities of this novel resource extraction process. A review
could assist governments in developing the required regulatory
policies and guidelines to manage and monitor UOG extraction
and fracking effectively in a way that will protect human health
and the environment and ensure sustainable use of resources
such as water in water scarce countries. An important first step
in the background review is to understand the process of UOG
extraction — the different stimulation technigues used as well as
ancillary activities - so that possible impacts that may emanate
from such a process may be accurately anticipated. Apart from
possible impacts associated with fracking (see Box 3 for an
explanation of fracking); any of the related activities associated
with unconventional gas extraction (water sourcing, wellsite
establishment, road and pipeline construction) might have a
serious impact on both the biophysical and socio-economic



UOG extraction usually spans larger geographic areas than the extraction of conventional resources.
This means that impacts usually occur on a larger spatial scale and are cumulative in nature, which complicates
the management of this activity. In South Africa, UOG extraction will coincides with current land-uses such as
astronomy and agriculture. UOG extraction is also performed in phases, which include the exploration phase
(including firstly the identification of possible UOG reservoirs and secondly assessing the economic viability of
extracting the gas in place, usually by means of hydraulic fracturing or fracking), the extraction phase (during
which UOG is produced economically) and the post extraction phase (during which well decommissioning
occurs in areas that are no longer productive). Chemicals that may be used in the fracking process could
include biocides, breakers and friction reducers. Biophysical and socio-economic impacts are associated with
all of these phases.

3. Possible impacts associated with UOG extraction

Apart from the possible positive impacts of UOG extraction (providing energy and employment, among
others) (Wait and Rossouw, 2014, Warren, 2013) possible negative impacts may also occur in both the
biophysical and socio-economic environments. There are multiple and reciprocal linkages between society and
the environment, which necessitates research into the possible impacts of unconventional gas extraction on the
biophysical and socio-economic spheres, and how these impacts interlink.

The possible negative social impacts resulting from UOG extraction need to be well understood and
avoided where possible. These possible impacts include: disruption of social cohesion, competition over water
between oil and gas companies and existing lawful water users in the Karoo; securing access to water and
sanitation for previously disadvantaged communities in the face of competing demands presented by fracking
operations; the potential health risks associated with lack of access to water and adequate sanitation in
vulnerable communities; in-migration and higher population density in ecologically sensitive and water scarce
areas (Beemster and Beemster, 2011; Broderick et al., 2011; Dolesh, 2011; Kargbo et al., 2010; Schafft et al.,
2013 and Warren, 2013). Even a social-economic benefit such as job creation may be contentious as it is not
guaranteed that jobs created in the oil and gas sector will offset job losses in other sectors such as the
agricultural sector resulting in displacement of people (Dolesh, 2011; Kargbo et al., 2010; Schafft et al., 2013
and Warren, 2013). Therefore, the dynamic and multi-faceted socio-economic impacts of unconventional gas
extraction in communities in areas where basic resources such as water are already under pressure should be
identified and linked with wider developmental and environmental concerns.

Negative environmental impacts may also occur, which could include impacts on water resources (in
terms of quality and quantity for both surface water and groundwater resources) (ANU, 2012; Broomfield, 2012;
Rahm and Riha 2012; Herridge et al., 2012; Lechtenbdhmer et al., 2011 and IEA, 2012), habitat fragmentation
and loss (Jones and Pejchar, 2013; Northrup and Wittemyer, 2013) as well as possible increased seismicity
associated with deep well wastewater injection as well as fracking operations (NRC, 2013). By identifying the
possible impacts before extraction and development commences, some negative impacts during
unconventional gas extraction may be minimised. The identification and description of impacts will also aid
governments in the development of legislation and regulations to manage and minimize the possible impacts
arising from UOG extraction.

Table 1 summarises possible impacts of UOG extraction on the biophysical and socio-economic
environments during UOG exploration, table 2 the possible impacts during UOG extraction and table 3 the
possible impacts after UOG extraction.



Table 1: Summary of possible impacts during the exploration phase

Aspects

Possible positives

Possible negatives

Biophysical

Surface
water:
Quality

e None indicated in
the literature.

Drilling fluids (diesel etc.) leaching into surface water via ground water or
via overland flow from surface spillages !

e Possible removal of sand from rivers. 2

Possible increase in sediment load in rivers due to increased erosion
from seismic exploration.

Surface water:
Aquatic
Invertebrates

e None indicated in the
literature.

e Vibration generated during seismic exploration may

impact on

invertebrates®.

* Removal of sand may impact on biota in alluvial aquifer/hyporheic zone*
¢ Increase of sediment in rivers could mcrease turbidity and limit habitat

and food available to invertebrates °
Diesel poIIutlon reduces abundance and diversity of freshwater
invertebrates °

Surface water: Fish

e None indicated in the
literature.

e Increased sedlment delivery to river may impact critical fish habitats e.g.
spawning habitat'’, cause turbidity and reduce visibility for predaceous
fishes.

¢ Loss of fish diversity and disruption of fish migration due to increased
sedlmentatlon turbidity and fragmentation (from road crossings in
rivers)".

¢ Reduction of stream flow in perennial rivers if water UOG extraction
water is sourced from rivers and loss of critical refuge habitat during dry
periods.

e Loss of critical passage habitat lead to loss of mobility, reduced
availability of food, fragmentation and isolation of fish assemblages.

o Water quality changes in |solated pools from water abstraction, heat

death of fishes in isolated pools'?, higher impact of contamlnants on fish

during periods of low stream dlscharge or isolation™

Reduction in fish fithess and health due to |ncreased predation, intra- &

interspecific competition and crowdedness in isolated pools.

Geohydrology

e Develop a better
understanding of
the deeper geology
%?94,3 geohydrology

Difficult to identify aquifers at rlsk for contamination since deeper geology
and structures are unknown °

Artesian basin conditions *>*® in the Karoo geological basin may cause
upward migration of formation water.

Possible shale instability with associated borehole problems such as hole
collapse, stuck equipment, plastic flow, fracturlng C|rculat|on loss and
poor well control may cause contamination 1 17 1819

Large quantities of saline water produced by CBM #and high possibility
of aquifer contamination by CBM if aquifers and coalbed formations co-
occur.

Groundwater contamination if hydraulic fracturing is allowed
during the exploration phase, both for coalbed methane and shale gas
formations.

22, 23, 24

Seis-
micity

e Not known

o Level of seismicity will increase. However the extent of this increase is
uncertain.
Possibility to observe or induce and/or trigger a strong seismic event.

Vegetation

e New
identified

species

¢ Woody vegetation removal (food and fibre), increased incidence of wild
fires.

Surface spills of hazardous material %
Alien invasive species encroachment,
fragmentatlon due to vegetation clearance for
construction %

impacting on vegetation
biodiversity loss and habitat
drill site & road

References

13 - De Wit, 2011; 14 -
DMR, 2012; 15 - Steyl et
al., 2012

1:- Lechtenbdhmer et al., 2011; 2: Freyman, 2014; 3: McCauley et al., 2000; 4:
Boulton et al., 1998; 5: DWAF, 1996; 6; Chutter, 1969; 7: Bishop, 2011; 8 :Vaughn,
2005; 9: Lytle and Peckarsky, 2001; 10: Wood et al., 2011; 11: Davis et al., 2006; 12:
Mundahl, 1990; 14: DMR, 2012; 15: Steyl et al., 2012; 16: Woodford and Chevallier,
2002; 17: Manohar, 1999; 18: Khan et al., 2011; 19: Cabot, 2010; 20: Khodja et al.,
2010; 21: USEPA, 2011b; 22: USEPA, 2011a; 23: Broomfield, 2012; 24: ANU, 2012;
25: Adams, 2011; 26: Milton and Dean, 2012




Table 1: Summary of possible impacts during the exploration phase (continued)

Aspects

Possible positives

Possible negatives

Economic well-
being

e Infrastructure
development

¢ Direct and indirect

employment

opportunities

Multlpller economic

|mpacts 7,28, 29, 30, 31

« Decline in tourism potential *# 2" 3% 3334
¢ Limited long term permanent employment opportunities

¢ Potential jobs can take 10 years to materialise
¢ Job losses in the agricultural and tourism sectors not offset by

employment in unconventional gas industry ** 2" 32333

e Improved access to
health care services

Negative impact of NORMs on the health of populations™ 3% 33 3> 27, 3040,

o Better nutritional | e Increase in short term health complaints
- status due to | e Long term impacts on reproductive health
= increased economic | e Risk of cancer and organ damage increases
£ (Sjgeggelopment "7 7" | & Chronic conditions (i.e. asthma) worsen in vulnerable populations
' (children and elderly).
¢ Increased incidence and prevalence of HIV/AIDS 46,47, 48
" Higher incidence of motor vehicle accidents than normal 27.29.30,32,33,
35,38, 40, 41
. o ¢ | * Population increase | o Populafion increase™ % 443
g 'g b 34 42,4 ¢ Distorted age structure
gcg e Gender imbalance* 3¢ 4% 43
o o=
g e None indicated in | e Long-term impacts from dust zpollutlon water shortages and quality on
§ g g > the literature. crop production are uncertain. 7.33.41,44; 4
® | 505 o Loss of employment opportunities in the agricultural sector
% 2 =] e Some chemicals used cause reproductive problems in animals
&1 &=? * Rural livelihoods (wild food sources) affected by UOG impacts®” 3% 41 44
> ¢ Infrastructure e Psychological impacts, mining health risk fears, sense of loss of
£ development community, frustration and anxiety over traffic and noise nuisances
fla’ o2 ¢ Increased access to | ¢ Local municipalities unable to deal with challenges (waste water
22 ;g health and welfare management, unaffordable housing & rapid social change)
= = e services ¢ Increase in social ills (substance abuse, interpersonal violence, family
833 39,42 disorganisation)
3 o Higher costs associated with g)ollce and emergency services due to
increased demand %7 3 3% 32 34,35, 42,45
e None indicated in | e Radio telecommunication and radio frequency emission may impact on
E’ literature. radio telescopes.
2 ¢ Dust and pollutants associated with gas flaring generated during mining
= & related activities may impact on optical telescopes
£ o Artificial lighting (for security and from vehicles) can produce light
pollution, impacting negatively on optical observations.
- e None that could be | e Dust release from vegetation clearance for seismic surveys impact on
% identified human health & environment. Emissions due to removal of carbon
= stocks.®
= e Toxic gasses released from venting, emissions gdiesel) released by
< thumper trucks, equipment and construction activity. *°
27 - Beemster and | 14: DMR, 2012; 27: Beemster and Beemster, 2011; 29: Chung and Hoffnagle, 2011;
Beemster, 2011; 28 - | 30: Coburn et al., 2011; 31: Williams, 2011; 32: Dolesh, 2011; 33: Kargbo et al.,
Considine et al., 2011; | 2010; 34: Pelser et al., 2005; 35: Broderick et al., 2011; 36 : Esteves, 2008; 38:
29 - Chung and | Marsa, 2011; 40 - DSD 2010; 41: Pelser and Redelinghuys, 2006; 42: Weigle, 2011;
Hoffnagle, 2011; 30 - | 43: Lockie et al., 2009; 44: Williams et al., 2012; 45: Walsh, 2011; 46: DSD, 2010,
3 Coburn et al., 2011; 31 - | 47: Heunis et al, 2012, 48: Pelser & Redelinghuys 2006; 49: Anderson and
2 Williams, 2011; 35 - | Theodori, 2009; 50: De Rijke, 2013 60: Forster & Perks, 2012.
o Broderick et al., 2011; 36
-% - Esteves, 2008, 37 -
o Larson et al., 2011; 38 -

Marsa, 2011; 39 — Rolfe
et al., 2007; 34 - Pelser
et al., 2005; 42 - Weigle,
2011; 43 - Lockie et al.,
2009




Table 2: Summary of possible impacts during the extraction phase

Aspects

Possible positives

Possible negatives

Biophysical

Surface
water:
Quality

e None indicated in

the literature.

« Possible removal of sand and water from rivers.” and water required may
impact on the hydrology of the resources.”

« Various sources of pollutants may impact on rivers.> * *©

Surface
water:

Aquatic
Invertebrates

e None indicated in

the literature.

e Surface water abstraction lead to decrease in resource connectivity,
invertebrate abundance & diversity, increase in pest species. "8

e Land use change could isolate rivers and pans resulting in genetic
isolation and reduction in number of refugla

e Increased sediment in rivers*?or pollution of surface water by chemicals
in fracking fluid influences invertebrates.'® ** 1> 16 3. 17

Surface water: Fish

e None indicated in

the literature.

e Groundwater abstraction lead to loss of baseflow to springs, loss of
hyporheic flow, loss of refuge habitat, water quality & volume changes

e Contamination of surface water may lead to habitat quality impacts,
reduced food sources and visibility, bioaccumulation of toxic substances,
reduced fitness and health of fishes and resultant fish kills ***%2%22

e Infrastructure construciton leads to fragmentation of habitat and reduced
colonization and fish diversity 18

e Truck traffic accelerates erosion, leading to changes in sediment delivery
to river, reduced habitat & visibility, lower fish productivity & fitness, lower
levels of recruitment and possible effects on the food web.

o Abstraction from rivers, pools & dams lead to loss of habitat, lower water
levels in pools, loss of critical passage, changes i |n water quality, heat
death of fish and higher impact of contaminants

¢ Discharge of wastewater into streams & pools could change flow regime,
water chemistry & physico-chemical signature of stream or pool or
degrade the natural habitat which could impact on fish hatch rate, survival

rate, recrwtment vitality and fitness of fishes and fish behaviour and
survwal 19, 20, 12 21, 27, 23, 24, 25,26, 27, 2

Geohydrology

e The use of safer
chemicals is
possible, e.g.
gasses or plant
based oils.* '

e Green chemicals
can be developed to
use for fracking. 29.30

e Same as for exploration phase and:
. Sourcmg of water from local aquifers may induce aquifer connectivity,
change groundwater levels, cause contamination and seismic

activity.

e Shale drilling problems may cause contamination.

e Surface actlvmes contaminate aquifers via surface water-groundwater
interaction.*

o Wastewater poses serious challenges if not managed properly.

¢ Poor well integrity may cause Ieaka?e ofgas or fluids and groundwater
contamination, also for CBM.*: 7304

. }é%ious regulatory uncertainties may put groundwater resources at risk

31,
35, 36, 37, 38,39

7,43,44,45

e Extraction of water from CBM — geology and aquifer deformation,
subsidence, decreased baseflow and reduced springflow.4o’ “

Seis-
micity

e Not known

o Level of seismicity will increase. However the extent of this increase is
uncertain.
o Possibility to observe or induce and/or trigger a strong seismic event.

References

29 - Kargbo et al., 2010;
7 - Broomfield, 2012; 30
- 1IEA, 2012

1: Freyman, 2014; 2: Zorn et al., 2008; 3: Herridge et al., 2012; 4: Rahm and Riha
2012; 5: Lyons, 2012; 6: Scott et al., 2011; 7: Broomfield, 2012; 8: Grubert and
Kitasei, 2010; 9: DMR, 2012; 10: Palmer, 1996; 11: Mead et al., 2011; 12: Bishop,
2011; 13: Wood et al., 2011; 14: Peterson et al., 2002; 15 Sumi, 2010; 16: CIEH,
2012; 3: Herridge et al. 2012; 17: Ramirez, 2005; 18: Davis et al., 2006; 19: Davis,
2008; 20: Lloyd-Smith and Senjen, 2011; 21: Bamberger and Oswald, 2012; 22:
NRC, 2010; 23: Lind, 2004; 24: Skaar et al., 2004; 25: McBeth et al., 2003; 26:
Johnson, 2007; 27: Kempema et al., 2011; 28: Rahm, 2011; 30: IEA, 2012; 31:
Myers, 2012; 32: Warner et al., 2012; 33: Zoback et al., 2010; 34 NRC, 2012b; 35:
Manohar, 1999; 36: Khan et al., 2011; 37: Cabot, 2010; 38: Khodja et al., 2011; 39:
Sone and Zoback, 2011; 40: ANU, 2012; 41: Seaman et al., 2010; 42: Parsons,
2004; 43: USEPA, 2011a; 44: USEPA, 2011b; 45: Volz et al., 2011, 46: Steyl et al.,
2012; 47: PA DEP, 2009; 48: Havemann et al., 2011; 49: Havemann, 2011




Table 2: Summary of possible impacts during the extraction phase (continued)

Aspects Possible positives Possible negatives
= - e Possible new | ¢ Woody vegetation removal; scale of incidence of wild fires larger than
o | o species identified during exploration.
2= * Possible surface spills on larger scale than during exploration *°
a | g impacting on vegetation
~u93 g ¢ Alien invasive species encroachment, biodiversity loss and habitat

fragmentation on a larger scale than during exploration51

Economic well-
being

o Infrastructure
development
e Employment
opportunities
Multiplier economic
impact552,53,54,55,56
Potential tax
benefit352,53,54,55,56

« Decline in tourism potential *>*>"#9>%

¢ Limited long term permanent employment opportunities

[ ]

¢ Job losses in the agricultural and tourism sectors not offset by
employment in unconventional gas industry %9°#°"8

« Economic inequality increases "

Health

o Better access to
health care services

o Better nutritional
status due to
increased economic
Q%\IelopmentSQ,GO,el,G

Same as for the extraction phase, but on a larger scale *>>>>%>>®°7>7%2

64,65,29, 52,54,55,57,59,62,64,65

e Population increase

e Population increase on a larger scale %%

L o®
g5% on a larger scale | Distorted age structure
o | 8EE e e Gender imbalance®®®"%*®
£ £
g @ e None indicated in | ¢ Same as for extraction phase, but on a larger scale 2952656869
S| 3 '§ 2 the literature.
S| 385
S L5 9
S| 5583
n |l <°
> o | ® Same as for the | « Same as for the exploration phase, but on a larger scale 52:55:56,57,56,59.66.69
= .q% £ 5| exploration phase,
S a=2| but on a larger
oL 52 63,66
nge§| scae
= ®O
- e None indicated in | ¢ Same as for the exploration phase, but on a larger scale.
1S literature.
2
g
17
<
e Newer technologies | ¢ High methane emissions contribute to greenhouse gasses e may
2 may decrease air negate gains of cleaner burning capability of UOG extraction and energy
E quality impacts generation.”"®
o ¢ Inadequate legislation and infrastructure cause uncontrolled flaring %0
< e Poor air quality causes health impacts
e Gas migration and built-up near structures may pose explosion risk.*’
52: Beemster and | 9: DMR, 2012; 29: Kargbo et al., 2010; 52: Beemster and Beemster, 2011; 54:
Beemster, 2011; 53: | Chung and Hoffnagle, 2011; 55: Coburn et al., 2011; 56: Williams, 2011; 57: Dolesh,
Considine et al., 2011; | 2011; 58: Pelser et al., 2005; 59: Broderick et al., 2011; 60: Esteves, 2008; 62:
54: Chung and | Marsa, 2011; 64: DSD 2010; 65: Pelser and Redelinghuys, 2006; 66: Weigle, 2011,
Hoffnagle, 2011; 55: | 67: Lockie et al., 2009; 68: Williams et al., 2012; 69: Walsh, 2011; 70: Deller &
» Coburn et al., 2011; 56: | Schreiber, 2013; 71: Tollefson, 2012; 72: Forster and Perks, 2012; 73: Sovacool,
g Williams,  2011;  59: | 2008.
S Broderick et al., 2011;
) 60: Esteves, 2008; 61:
E Larson et al., 2011; 62:

Marsa, 2011; 63: Rolfe et
al., 2007; 58: Pelser et
al., 2005; 66: Weigle,
2011; 67: Lockie et al.,
2009




Table 3: Summary of possible impacts during the post extraction phase

Aspects Possible positives Possible negatives
S e Risk of surface | e Not all chemicals used in fracturing fluids are known, therefore unknown
3 o = water contamination chemical impacts is an uncertainty.
:% €3 lowers. « Various sources of pollutants may impact on rivers.™ % > *
«» | ® None indicated in | e Possible contamination due to possible groundwater contamination as
o . o % the literature. they are interconnected®
255
t 39
385
£
. e None indicated in | e The impact specific chemicals could have on individual endemic species
3 the literature. or the community as a whole is unknown.
‘g - ¢ Reduced habitat quality due to exposure to toxic substances.
8 E ¢ Reduced fitness and health of fishes.
R o Fish kills® .
A ¢ Reduction in the availability of food sources e.g. invertebrates.
¢ Bioaccumulation of toxic substances in fish tissue — effect on food web.
§ o Pollution risk in the | e Aquifer pollution from deep shale layers may only surface years after a
‘© area where fracking pollution incident.
5|2 is ceased, lowers. e The extent of possible long-term contamination in freshwater aquifers
.CQD ° could not be predicted at this stage.
3 * South Africa not able to rehabilitate contamlnated aquifers in complex
s geology (physically and economlcally)
3 * Well abandonment and long term monitoring may be problematic °*°
¢ Oil and gas well casing failure and leakage may pose Iong term legacy
issues and lead to inevitable groundwater contamination °
- ¢ Not known o Level of seismicity will increase. However the extent of this increase is
3 uncertain.
g ¢ Possibility to observe or induce and/or trigger a strong seismic event.
'(%—,
e None that could be | * Migration of polluted ground -and/or surface water pollution to the rooting
identified in the zone — vegetation die- back™®
s literature « Success of rehabilitation uncertain.
5 « Continued habitat fragmentation*** due to poor upkeep of existing
g infrastructure, roads or alien invasive control
g * Continued loss of plant biodiversity due to a contlnued loss of ecosystem
services and possible alien invasive spemes
e Continued trade of e.g. succulents due to access roads®’
S R _Nong Fhat_ could be e Severe economic downturns experienced in local communities
L s L35 £ identified in the e Unemployment rises
E| 8E=Z| literature « Poverty increases 819202422
2| w
(o]
$ e Decline in the | e Lingering ill health
2 % prevalence of short | e Birth defects as a result of exposure to mutagenic chemicals
3L term health impacts. | e Decreased access to health care
* Lingering impacts of an increase in HIV 9202123.24.25.26.21
1: Herridge et al., 2012; 2: Rahm and Riha 2012; 3: Lyons, 2012; 4: Scott et al.,
2011; 5: Graham and Butts, 2005; 6: Bishop, 2011; 7: Bamberger and Oswald, 2012;
3 8: GAO, 2010; 9: Broomfield, 2012; 10: ANU, 2012; 11: Dusseault et al., 2000; 12:
e Dusseault et al., 2001; 13- Steyl et al., 2012; 14: O’Connor and Kuyler, 2006; 15:
o Van Wilgen et al., 2008; 16: Northrup and Wittemyer, 2013; 17: Lovegrove, 1993; 18:
-% DMR, 2012; 19: Beemster and Beemster, 2011; 20 :Dolesh, 2011; 21: Kargbo et al.,
x 2010; 22: Pelser et al., 2005; 23: Coburn et al., 2011; 24: DSD 2010; 25: Marsa,

2011, 26: Pelser and Redelinghuys, 2006; 27: Chung and Hoffnagle, 2011




Table 3: Summary of possible impacts during the post extraction phase (continued)

Aspects Possible positives Possible negatives
¢ Population Population decline
L8 decline 228293 Distorted age structure®*%2*%
Eo®
O T2
05k
° « None indicated in | * Land that is unsuitable for farming after gas is depleted *-*9%>#1:32
382 the literature.
EEE
= O
55 &
2
Q
e | e None that could | e Sense of fatalism, loss, deprivation and perceived deterioration in socio-
o 3 '8 2 b id ified . I-b 1,19,23,33,20,22,32,
S| £505 e identified in economic well-being
S| = g:g E= the literature.
218873
é n
- e None indicated in | e None indicated in literature.
€ literature.
o
c
2
@
<
> o Air quality | e Pollution still emitted at Waste disposal sites, compressors, condensate
= emissions in the tanks and in flow back.*
3 region of | e« Gas migration and bunt up near structures due to poor well sealing may
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Table 1, table 2 and table 3 describe possible impacts on the biophysical and socio-economic
environments. The activities which may pose some of the largest risks for South Africa, are the
sourcing of water to be used in large scale hydraulic fracturing operations, water contamination that
may be associated with transport of chemicals as well as migration of fracking fluids, and the as yet
unaddressed problem of how wastewater from UOG extraction operations and brines resulting from
wastewater treatment should be managed, which may impact negatively on water quality.

In terms of water availability, South Africa is classified as a water-stressed country (Siebrits &
Winter, 2013), meaning that people have access to less than 1700 m®person/annum; and it will
probably be facing water scarcity (<1000 m*/person/annum) by 2025 (DWA, 2011). In 2010, 80% of
its surface water resources and 40% of its groundwater resources were already allocated to water
users (DWA, 2010). Withdrawals of large quantities of water from surface water resources (e.g.
streams) may not only have significant impacts on water availability for users in the catchment, but
also on the hydrology and hydrodynamics of these resources. Such withdrawals from streams can
alter the flow regime by changing their flow depth, velocity, and temperature (Zorn et al., 2008) and
reduce the dilution effect. Furthermore, it is important to recognise that groundwater and surface
water are hydraulically connected (Parsons, 2004 and Winter et al., 1998); any changes in the
guantity and quality of the surface water will affect groundwater and vice versa. Road construction
and stream crossings could cause erosion, sediment transport and an increase in salinity, which
impacts the receiving rivers (Rahm and Riha, 2012). The removal of sand (if the type is suitable) from
riverbeds in the Karoo for use as proppant could have a negative impact on the alluvial aquifers
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present in some of these rivers. The removal and processing of sand for use as proppant is also
particularly water-intensive and would be of particular concern for the semi-arid Karoo environment
with its temporary waters.

Air quality impacts may also be significant, and relates to dust released during seismic
surveys, carbon dioxide and diesel fumes that may be released during drilling as well as methane
emissions during fracking (Broderick et al., 2011 and Field et al, 2014). Regional scale UOG
extraction may have significant impacts in terms of biodiversity fragmentation and competition with
existing water and land uses. In terms of land use, the area where UOG is to be extracted in South
Africa, also coincides with astronomy development areas, specifically the Square Kilometre Array
(SKA) and the Southern African Large Telescope (SALT), both of which are very important
development ventures in South Africa.

The tables describing possible impacts of UOG extraction clearly illustrate that impacts on the
social and biophysical environment can be complex and are interrelated across the different
biophysical and socio-economic aspects and across the different phases of UOG extraction. Possible
impacts on the biophysical and socio-economic environments may interlink. For example, while UOG
exploration and extraction may drive socio-economic development in certain areas, worker migration
may impact negatively on municipal service levels, while impacts on the environment (water
contamination, seismicity) may impact on community health and safety. The complex inter-linkage of
impacts necessitates that inter- and intra-institutional cooperation and communication be optimized in
order to effectively manage and minimise possible impacts related to UOG extraction. The
governance of UOG extraction should be handled as a whole and linkages between the biophysical
and socio-economic environments should be researched, understood and managed in an integrated
way.

The impacts listed in Table 1 may not occur on a very large scale during the exploration
phase, since the footprint that companies explore in, may be limited. However, as UOG resources are
proven, the geographic areas that are targeted for UOG extraction may expand significantly (IEA,
2012). The impacts for the biophysical sphere differ between the exploration and extraction phases in
some instances, but are similar for the socio-economic sphere. Although the type of impacts are the
same for the socio-economic sphere during the exploration and extraction phases, the extent and
scale of these impacts may be much larger during the extraction phase.

In South Africa, different UOG companies applied for licences to explore and extract UOG in
different geographic areas, making the possible impacts that may emanate from UOG, regional and
cumulative. These regional scale cumulative impacts make the minimization of negative
consequences difficult for governments with limited human or financial resources to manage and
monitor these activities. During the post extraction phase (Table 3), negative impacts may be
significantly less, but the long term management and maintenance of decommissioned oil and gas
boreholes and the long term monitoring of groundwater quality, becomes problematic. The above
challenges can be exacerbated by complex legal systems where different government departments
have specific mandates and where legislation is fragmented, especially in view of the fact that the
environmental and social impacts of UOG extraction are interrelated.

4. Conclusion: Implications for South Africa

The impacts associated with UOG extraction will be cumulative in nature and will most likely
occur on a regional scale, highlighting the importance of using strategic decision-making and
management tools, such as strategic environmental assessments in addition to environmental impact
assessments. UOG operations will cumulatively add to impacts associated with current land and
water use activities. This means that the impact assessments for different areas or different oil and
gas companies cannot be considered in isolation during decision-making processes. It is also vital
that the regulation of UOG exploration and extraction is undertaken with a holistic approach. This
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should consider environmental integrity on an ecosystem basis and should extend the regulation of
UOG to possible incidental impacts and impacts associated with ancillary activities. Managing
possible impacts in the correct way is extremely important in a water scarce country such as South
Africa, versus countries where more water may be available for UOG extraction activities.

In South Africa there is insufficient information on the potential health risks associated with
UOG exploration and extraction (Havemann et al., 2011). The unacceptable risk of losing biodiversity
and jeopardising ecological integrity together with the possible impact on social well-being
necessitates the timely identification of all potential risks and impacts before exploration commences.
In the light of significant uncertainties there is a need to take a risk-averse and cautious approach
(Glazewski and Plit, 2015).

The governance of UOG extraction should be handled as a whole and linkages between the
biophysical and socio-economic environments should be researched, understood and managed in an
integrated way (Esterhuyse et al., 2016). The quasi-federal constitutional framework comprising of
national, provincial and local spheres of government each with their own spheres of jurisdiction needs
to be taken cognisance of. The National Environmental Management Act (107 of 1998) (NEMA)
principles which significantly apply to all organs of state acknowledge the interdependence of socio-
economic and biophysical systems and one of the key principles of the NEMA requires that all
developments be socially, economically and environmentally sustainable. Sustainable socio-economic
development can only be achieved if it is underpinned by both socio-economic and environmental
considerations as envisaged in the environmental right contained in the South African Constitution. In
South Africa, where water demand will exceed water supply in the near future, unsustainable use of
water resources will result in increasingly limited water resources for future health and well-being as
well as for sustained socio-economic development. Society in general, and specifically the residents
in the Karoo where access to water is already limited, needs to be assured of the sustainable use of
the water resources for health and wellbeing by understanding and, where possible, avoiding the
negative social impacts resulting from unconventional gas extraction by means of hydraulic fracturing.

The Report on Investigation of Hydraulic Fracturing in the Karoo Basin of South Africa (DMR,
2012) recommended that the current regulatory framework be complemented by establishing
appropriate regulations, controls and co-ordination systems. To this end, the Department of Mineral
Resources published the “Regulations for Petroleum Exploration and Production” under the Mineral
and Petroleum Resources Development Act 28 of 2002 (MPRDA) in June 2015.The then Department
of Water Affairs published their notice of intent to declare “ The exploration for and or production of
onshore unconventional oil or gas resources and any activities incidental thereto including but not
limited to hydraulic fracturing as a controlled activity” under the National Water Act 36 of 1998 (NWA)
in August 2013. The proposed UOG extraction activities and its related impacts will straddle the
competencies of various national, provincial and local government agencies departments, amongst
others the Departments of Mineral Resources, Water and Sanitation, Environmental Affairs and
Science and Technology. This may require that regulations be promulgated not only under the
MPRDA and NWA, but also under the NEMA, the National Environmental Management Waste Act 59
of 2008 (NEMWA) and the National Environmental Management Air Quality Act 20 of 2014
(NEMAQA) but in the interests of co-operative government a multi-agency regulatory framework could
be considered. It will be vital for industry and government to recognise the complexity of the
challenges posed by these possible impacts. However, the impacts can be minimised where an
effective regulatory system and best monitoring practice are in place and can be remediated where
they do occur. If the oil and gas industry is to earn and retain the social licence to operate, it is a
matter of urgency to have a transparent, adaptive and effective regulatory system in place that is
implemented and backed by best practice monitoring, in addition to credible and high quality baseline
surveys. A major coordinated programme of research to address the various uncertainties and
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knowledge gaps should be initiated at an early stage to ensure that South Africa is ready for UOG
exploration and extraction.

Vulnerability mapping, determining safe zones and identifying vulnerable areas that should be
avoided during UOG extraction, is a step that could be used to assist decision-makers and other
practitioners by providing information on the vulnerability to unconventional gas extraction of the
specified mapping themes on a regional scale. In addition, performing monitoring of various entities of
the biophysical and socio-economic spheres before exploration, during exploration, during extraction
and after extraction is important to assess possible changes in these entities due to the
unconventional gas extraction process. Whereas this review illustrates various possible impacts of
concern, active monitoring of certain entities can address some of these concerns and identify
possible problems timeously. It is especially important for South Africa to perform baseline monitoring
before exploration starts to ensure that we will have reference conditions in order to identify what
impact UOG extraction activities has on the biophysical and socio-economic environments. Without
such a baseline, determining impacts would not be possible. It is also important that monitoring occur
during UOG exploration and extraction (to address impacts as they occur in order to minimise and/or
mitigate the effects of these impacts) as well as post extraction, since some of the impacts may only
be observed long after wells in a certain area have been decommissioned and after the oil and gas
companies have moved on to another part of the oil and gas reservoir.

A background review of possible UOG-related impacts and the development of specific
regulations to manage and minimize such impacts, would also be important for other countries that
must still embark on UOG extraction. These activities resort under the precautionary approach with
the aim to pre-emptively protect natural resources during economic development activities.
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